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Abstract

Objective: To compare the dose effects of long-acting extended-release dexmethylphenidate (ER d-MPH) and ER mixed

amphetamine salts (ERMAS) on attention-deficit/hyperactivity disorder (ADHD) symptom dimensions, global and specific

impairments, and common adverse events associated with stimulants.

Methods: Fifty-six children and adolescents with ADHDparticipated in an 8-week, double-blind, crossover study comparing

ER d-MPH (10, 20, 25–30mg) and ER MAS (10, 20, 25–30) with a week of randomized placebo within each drug period.

Efficacy was assessed with the ADHDRating Scale-IV (ADHD-RS-IV), whereas global and specific domains of impairment

were assessed with the Clinical Global Impressions Severity and Improvement Scales and the parent-completed Weiss

Functional Impairment Scale, respectively. Insomnia and decreased appetite, common stimulant-related adverse events, were

measured with the parent-completed Stimulant Side Effects Rating Scale.

Results: Both ER d-MPH and ER MAS were associated with significant reductions in ADHD symptoms. Improvement in

Total ADHD and Hyperactivity/Impulsivity symptoms were strongly associated with increasing dose, whereas improve-

ments in Inattentive symptoms were only moderately associated with dose. About 80% demonstrated reliable change on

ADHD-RS-IV at the highest dose level of ERMAS compared with 79%when receiving ER d-MPH. Decreased appetite and

insomnia were more common at higher dose levels for both stimulants. Approximately 43% of the responders were pref-

erential responders to only one of the stimulant formulations.

Conclusions: Dose level, rather than stimulant class, was strongly related to medication response.

Introduction

Stimulant medications, including immediate release (IR)

and extended release (ER) methylphenidate (MPH) and am-

phetamine (AMP), have been shown to be highly efficacious for

improving attention-deficit/hyperactivity disorder (ADHD) symp-

toms in literally hundreds of placebo-controlled trials (Swanson

1993;Wilens and Spencer 2000). Yet, we know relatively little about

the similarities and differences between the two main classes of

stimulants due to a paucity of head-to-head studies with newer, long-

acting agents. MPH and AMP formulations have equal efficacy and

similar side effect profiles according to several reviews, practice

guidelines, and algorithms (American Academy of Child and Ado-

lescent Psychiatry 2002; Daughton and Kratochvil 2009). For ex-

ample, the Texas Algorithm for ADHD recommends using either

class of stimulant medication as the initial treatment for ADHD, and

switching to the other stimulant class if the first is either not effective

or not well tolerated (Pliszka et al. 2000; 2003). Other reviews and a

recent meta-analysis of 23 studies have concluded that effect sizes

are somewhat greater for AMP (Arnold 2000; Faraone et al. 2002;

Faraone and Buitelaar 2010), although reviews and meta-analyses

are likely to over-represent data from older studies, many of which

utilized older IR stimulant formulations. In addition, early studies

did not routinely dose the two medications comparably. Titrating to

the optimal dose in crucial, as described in the Multimodal Treat-

ment Study of Children with Attention-Deficit/Hyperactivities Dis-

order (MTA) and Preschool ADHDTreatment Study (PATS) studies

that utilized double-blind procedures to determine the optimal dose

level (Greenhill et al. 2001; Greenhill et al. 2006a). In the MTA

study, individually titrated doses were higher andmore effective than

doses of MPH in the community treatment group, which did not

systematically evaluate different dose levels.
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Currently, ER formulations of MPH and AMP have replaced the

IR formulations as first line treatments due to their longer duration

of behavioral effects and convenience (Swanson and Hechtman

2005; Olfson et al. 2009). For the two stimulant medications, we

chose Dexmethylphenidate Hydrochloride ER (Focalin XR [brand

name], here referred to as d-MPH ER) and Adderall XR (mixed

AMP salts [MAS] ER). MAS ER is a racemic mixture of dextro-

and levo-isomers of AMP salts that contains 50% IRMAS and 50%

delivered at a second pulse 4 hours later. MASER is one of themost

frequently prescribed stimulant medications for ADHD (Olfson,

Marcus and Wan 2009) Dose-dependent efficacy versus placebo in

childhood has been demonstrated in a large, parallel group study of

584 children treated with 10, 20, or 30mg (Biederman et al. 2002).

Behavioral and cognitive effects were demonstrated to last for 12

hours, with the 30mg condition associated with the most robust

gains. Anorexia, insomnia, and mood lability were more common

in children receiving ERMAS compared with placebo, occurring in

21.9%, 16.6%, and 8.6% of subjects, respectively. Dexmethyl-

phenidate hydrochloride (Focalin XR; ER d-MPH) is the pharma-

cologically active d-threoenantiomer of racemic MPH. Similar to

MAS ER, 50% of the drug is released initially with the remaining

50% released approximately 4 hours later. Thus, the MPH and

AMP formulations used in this study are formulated in a very

similar manner. In a parallel group, 7-week study, 67.3% of chil-

dren and adolescents receiving ER formulation of d-MPH that was

clinically titrated up to 30mg (mean dose = 24mg) were rated

‘‘much improved’’ or ‘‘very much improved’’ on the Clinical

Global Impressions-Improvement (CGI-I) Scale compared with

13.3% of those receiving placebo (Greenhill et al. 2006b). The most

common spontaneously occurring adverse event was decreased

appetite, which was reported in 30% of the ER d-MPH group versus

8.5% of those taking placebo.

An important context for this study comparing the effects of ER

formulations of MPH and AMP is the current national interest in

Comparative Effectiveness Research (CER) (Clancy 2009). The

objective of CER is to compare frequently used treatments to de-

termine comparative effectiveness and tolerability, to identify

factors that can potentially aid in matching treatments to individual

patient characteristics, and to obtain relevant measures in samples

that are likely to generalize to clinical practice. Given the uncer-

tainty regarding dose comparability of ADHD preparations and the

potential for ascertainment bias when selecting subjects on the

basis of previous response, CER studies employing multiple doses

and utilizing samples similar to clinic populations (i.e., either

stimulant naı̈ve, partial responders, or nonresponders) would aid

physicians in (1) choosing an ADHD medication; (2) titrating to an

appropriate dose; and (3) estimating the likelihood of differential

response if the response to the first medication is not effective. It is

hoped that eventually information from CER studies can identify

potential predictors of individual response that can guide treatment

(Garber and Tunis 2009). With these three questions in mind, we

sought to compare the dose–response effects of ER d-MPH and ER

MAS, on ADHD symptoms, global and specific domains of im-

pairment, and two common adverse effects of stimulants: insomnia

and decreased appetite.

Methods

Subjects

Eligible participants were recruited from the investigators’

practices, clinic referrals, and radio advertisements. All subjects

met Diagnostic and Statistical Manual of Mental Disorders, 2nd

edition (DSM-II) (American Psychiatric Association 1994) criteria

for ADHD based upon the Schedule for Affective Disorders and

Schizophrenia for School-Age Children-Present and Lifetime

Version (K-SADS-PL) (Kaufman et al. 1997), administered by a

licensed child and adolescent psychiatrist or psychologist. The

Child Behavior Checklist (Achenbach 1991) was also completed to

obtain a dimensional measure of child psychopathology.

All subjects received a physical examination, and laboratory

studies to rule out medical exclusionary criteria. Each child re-

ceived a pre- and poststudy ECG to screen for cardiac abnormali-

ties. Each ECG was read by a pediatric cardiologist and scored

using the recent recommendations of the American Heart Asso-

ciation (Vetter et al. 2008). Youth with mental retardation, autism,

severe mood disorders, Tourette’s disorder, seizure disorders, or

other medical disorders that were contraindications of stimulant

treatment or that mimic ADHD (e.g., thyroid disorder) were

excluded.

Procedures

A parent or guardian was required to give signed informed

consent and all participating children provided assent. The consent

and assent forms, study protocol, and advertisements for recruit-

ment were reviewed and approved by the Institutional Review

Board of University of Illinois at Chicago (Clinical Trials Regis-

tration: ClinicalTrials.gov identifier: NCT00393042).

Experimental design

Children previously taking stimulant medications completed a

two-day washout period before beginning a placebo-controlled,

double-blind, two-period, 8-week crossover design, with three dose

conditions of ER d-MPH and ER MAS (10, 20, and 25–30mg)

administered sequentially from lowest dose to highest dose with a

randomized week of placebo in each period. Order of drug was

randomized so that 50% started with ER d-MPH and 50% started

with ER MAS. The maximum dose was 25mg in smaller children

(i.e., < 35 kg) to minimize potential side effects. There was no

washout period between treatment periods.

The research pharmacist developed a randomization schedule for

order of study drug and randomization of the placebo weeks, and

prepared weekly blister packs for each subject containing capsules of

study drug, which were indistinguishable from each other.

Weekly procedures and measures

During each weekly visit, children and their parents met with the

investigators and research staff to assess medication effects and

monitor safety. Children’s weight, height, blood pressure, pulse,

and temperature were obtained each week. In cases of intolerability

occurring after the first 2 weeks on a particular medication, the

child could skip to the next drug period.

At the weekly medication visits, the following measures were

obtained: (1) ADHDParent Rating Scale-IV [ADHD-RS-4; (DuPaul

et al. 1998)], which measured severity of Total ADHD symptoms,

Inattention and Hyperactivity/Impulsivity symptoms; (2) CGI-

Severity (CGI-S) and CGI-I Scales (Guy 1976), for clinician ratings

of overall severity and improvement completed by a Child and

Adolescent Psychiatrist or Child Psychologist; (3) Weiss Functional

Impairment Rating Scale (WFIRS) (Weiss et al. 2007), a parent-

rating scale designed to assess functional impairment in the fol-

lowing domains: Family, learning and school, life skills, self-con-

cept, social activities, and risky activities; and (4) Stimulant Side
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Effects Rating Scale (SERS); (Barkley et al. 1990), a 17-item scale

that parents rate on a 10-point (0–9) scale ranging from absent to

serious.

Statistical plan

Dose–response effects were examined via Hierarchical Linear

Models (Bryk and Raudenbush 1992). Specifically, for each of the

outcome variables we added main effect and interaction terms into

the Linear Mixed Modeling equation in the following order: Sex,

age, weight, ADHD Subtype, stimulant naı̈ve status, stimulant drug

type, dose, and then the interaction of dose with each of these

variables in turn. The variables other than dose and drug type were

entered as main effects to serve as covariates (i.e., to control for

their contribution to explaining variance in the outcome variables

and to prevent any potential bias in estimates of the effects of the

focal explanatory variables dose and drug type).

In a set of exploratory analyses, these variables’ interactions

with dose were also entered to test whether they moderated the

effects of dose or drug type on the outcome variables. Due to the

exploratory nature of these analyses, statistical significance of each

explanatory variable was evaluated using a nominal p-value

threshold of a = 0.05.

Results

Diagnostic and descriptive information

A total of 65 children and adolescents met the inclusion criteria

for the study and were enrolled between January 2007 and January

2009. Participants ranged in age from 9 to 17 (mean = 11.7, stan-
dard deviation [SD]= 2.24); 47 were boys and 17 were girls. The

disposition of all enrolled subjects is described in Figure 1. Since

we were interested in evaluating efficacy and adverse events at all

dose conditions, the study sample included all participants who

received at least 2 weeks of study drug to insure that all participants

had been exposed to at least 1 week of active drug (n= 56). De-
mographic and descriptive data of the study population as well as

those who dropped out of the study prematurely are presented in

Table 1. There were no significant differences between the study

completers and drop-outs in ADHD symptoms, CGI-S, age, or

weight. Thirty percent of the analyzed study sample were stimulant

naı̈ve, as compared with 56% of those who discontinued.

Similar to other ADHD clinic-referred samples, the population

was predominantly male (73%; 47 boys and 17 girls), with a higher

prevalence of the Combined subtype (67%). The sample was eth-

nically diverse, with equivalent percentages of children from

African-American and Caucasian, or European-American ethnic

backgrounds (41% each); in addition, 7% were Latino, 7% biracial,

2% Asian, and 2% Native American.

Dose–response effects on ADHD symptoms and
global and specific impairment

Decreases in ADHD-RS Total score by dose level for both ER

MAS and ER d-MPH are shown in Figure 2. There were significant

and substantial dose-related decreases in Total and Hyperactive-

Impulsive symptom scores ( p < 0.001, R2 = 0.59 and p< 0.001,
R2 = 0.46, respectively) that did not differ by type of stimulant, as

well as significant dose-related decreases for Inattention symptoms

( p< 0.001, R2 = 0.11) that were more modest in magnitude but

which also did not differ by type of stimulant.

Similarly, there were significant dose-related decreases in CGI-S

scores (p<0.001, R2=0.48) that did not differ by type of stimulant.

There were also significant effects of dose on the WFIRS Total Score

(p=0.008, R2=0.02), on the Family (p=0.010, R2=0.02), Learning
(p=0.002,R2=0.03), Social Activities (p=0.018,R2=0.13), and Risk
Taking (p=0. 050, R2=0.01) subscales, but not on the Living Skills or
Self-Esteem subscales. There were no drug-by-dose interactions, indi-

cating similar dose effects of the two medications on WFIRS-P scores.

Safety and tolerability

Six participants did not complete the study due to adverse events.

There was one serious adverse event, which occurred when a child

was taking 20mg of ER d-MPH. The child was hospitalized one night

for observation after an abnormal ECG following a possible seizure.

The ECG normalized, and the child subsequently continued stimulant

            77 Individual were screened 

12 Patients were 
excluded 

N=12

65 Patients were Randomized

9 Patients 
Discontinued

-- 7 Did not want to participate
-- 1 Did not meet criteria for ADHD:  
--1 ADHD not primary for treatment:  
-- 1 Abnormal lab/physical/EKG 
--1 Unable to swallow pills: 1 
--1 Exclusionary medical condition: 1

--7 Decided not to 
participate/lost to follow up 
--2 Protocol non-compliance: 

 56 Patients were 
included in the 
analysis

FIG. 1. Patient disposition. ADHD= attention-deficit/hyperactivity disorder; EKG = electrocardiogram.
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treatment outside the study. Otherwise, there were no clinically sig-

nificant changes in ECG, nor were there significant dose-response

effects on systolic blood pressure ( p=0.182, R2=0.04), diastolic
blood pressure ( p=0.877, R2=0.00), or pulse ( p= 0.420, R2= 0.00).
However, there was a significant decrease in weight by dose level

( p=0.012, R2=0.13), irrespective of stimulant type.

The frequency of ‘‘severe’’ side effects (i.e., rated 7 or above on

a 9 point scale) on the SERS is reported in Table 2. The most

common severe side effects, occurring in > 10% of the sample at

any dose except placebo, were insomnia, loss of appetite, irritable,

and nail biting. There were significant stimulant dose effects for

SERS ratings of insomnia ( p= 0.045, R2 = 0.01) and decreased

appetite ( p= 0.005, R2 = 0.16), indicating increased severity of

adverse events with increasing dose.

Although there was a trend for higher rates of severe insomnia

for ER MAS at the 10mg dose ( p = 0.058), there were no stimulant

medication differences detected at the higher dose levels. Similarly,

rates of decreased appetite did not differ between the two stimulants

( p = 0.103).

Clinical improvement and differential response

We first examined clinician-rated global improvement via the

CGI-I Scale (i.e., CGI-I), and then calculated clinically significant

change in ADHD RS using the Reliable Change Index (RCI) ( Ja-

cobson and Truax 1991). Approximately half the participants at the

highest dose level for each stimulant were rated as ‘‘Much’’ or

‘‘Very much’’ improved on the CG-I (Table 3), whereas 80%

demonstrated reliable change on ADHD RS at the highest dose

level of ERMAS compared with 79% when receiving d-MPH. RCI

did not differ by stimulant formulation ( p= 0.855, R2= 0.00).
To examine differential response to the two stimulant medica-

tions using a measure of global impairment, positive response was

defined by those attaining a CGI-S score of 1–2 during any week,

or a score of 3 (‘‘mildly ill’’), which represented a change from

baseline of at least two points. The majority of children (73%)

responded similarly to both stimulant formulations, 21/56 (37.5%)

did not have a positive response to either drug, and 20/56 (35.7%)

responded positively to both medications. An additional 8/56

(14.3%) subjects displayed a positive response to ER d-MPH only

and 7/56 (12.5%) responded to ER MAS only. Thus, 26.8% of the

total sample had a preferential response to one or the other stimu-

lant. However, approximately 43% of the responders were prefer-

ential responders to only one stimulant class. The magnitude of

response displayed by children who responded differentially to

only one stimulant was robust, as evidenced by a mean decrease

in ADHD RS scores from baseline of 28.2 (SD = 9.5) for those
who responded to ER d-MPH and 27.7 (SD = 10.2) for those who
responded to ER MAS.

Moderators of dose–response effects:
Exploratory analyses

We next conducted a set of exploratory analyses testing whether

dose–response varied as a function of children’s ADHD Subtype,

sex, age, weight, or stimulant naı̈ve status. Inattention symptoms

responded to lower stimulant doses ( p = 0.018, R2 = 0.02). Dose–

Table 1. Demographics and Clinical Characteristics

Completersa (n = 56) Dropouts (n= 9)

Variables Mean SD Mean SD

Age 11.78 2.24 12.28 2.24
Weight 50.98 21.32 50.28 20.62
ADHD-RS-IV 39.05 9.74 38.55 10.67
CGI-S 4.98 0.72 4.88 0.60
CBCL internalizing 58.83 10.69 61.66 9.94
CBCL externalizing 60.07 10.41 61.33 13.17

Total 63.98 8.49 65.22 8.59

N % N %

Gender
Female 15 27 2 22
Male 41 73 7 78

Race
African American 23 41 4 50
Asian 1 2 0 0
Caucasian 23 41 2 25
Hispanic/Latino 4 7 2 25
Native American 1 2 0 0
Biracial/mixed race 4 7 0 0

Stimulant Use
No previous use 17 30 5 56
Previously treated
with MPH

24 43 2 22

Previously treated
with AMPH

3 5 0 0

Previously treated
with both

12 22 2 22

ADHD
Combined type 38 67 7 78
Inattentive type 18 33 2 22

aAt least 2 weeks of study drug administration.
ADHD-RS IV=Attention-Deficit/Hyperactivity Disorder Rating Scale IV;

CGI-S=Clinical Global Impressions-Severity; CBCL=Child Behavior Check-
list; MPH=methylphenidate; AMPH= amphetamine; SD= standard deviation.

FIG. 2. Effects of extended release of mixed amphetamine salts
and extended release dexmethylphenidate on ADHD Rating Scale
Total Score (ADHD-RS) by dose. ER, extended release; d-MPH,
dexmethyphenidate; MAS, mixed amphetamine salts.
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response for Inattention symptoms also differed by sex ( p= 0.040,
R2= 0.01), such that Inattention symptoms decreased more con-

sistently for females.

Discussion

Choosing a long-acting MPH or AMP medication

At the group level of analysis, treatment with either ER MAS or

d-MPH resulted in rapid reductions in ADHD symptoms and im-

provements in both global and many specific domains of impair-

ment. There were no significant differences between the two

stimulant formulations. Per parent report on theWFIRS, symptomatic

improvement was associated with improved functioning in multiple

domains, including family, school, and social functioning. This

suggests that the impact of treatment with ER MAS and d-MPH

extends to functioning beyond the school setting. Although im-

provement was not reported in daily living skills or self-esteem, this is

not surprising as acute stimulant treatment is unlikely to be sufficient

to remediate the often chronic deficits in adaptive functioning and

self-perceptions that characterize youth with ADHD (Stein et al.

1995). Therefore, either AMP or MPH can be selected as the initial

choice of medication.

Implications for titrating ER MAS and d-MPH dosing

Improvement in behavior was strongly related to dose, and in

contrast to recent reviews and meta-analyses suggesting slightly

greater efficacy with AMP, the present study demonstrates equi-

potency of the two classes of stimulants when comparable doses

of long-acting formulations are used. Both higher dose levels and

more time were required to achieve superiority over placebo im-

provement rates, suggesting the importance of careful titration until

optimal response is obtained. Although 10mg and placebo were

both associated with mild improvement, normalization of ADHD

symptoms (e.g., ADHD RS < 18) required higher dose levels.

Indeed, the field appears to be moving toward increasing the in-

tensity and duration of ADHD pharmacotherapy to target reduc-

tions in impairment in addition to symptom reduction as a goal of

ADHD treatment (Steele et al. 2006; Buitelaar et al. 2009).

Improvement in inattentive symptoms was only moderately as-

sociated with increasing dose, whereas hyperactivity and total score

reductions were more strongly related to higher stimulant dosing.

This is consistent with several (e.g., Stein et al. 2003; Newcorn

et al. 2010), but not all (i.e., Solanto et al. 2009), previous studies

that examined dose–response by ADHD symptoms domains by

dose.

Table 2. Percent and Frequency of Severe Side Effects at Each Dose of Extended Release Dexmethyphenidate

and Extended Release Mixed Amphetamine Salts

Percent severe ER d-MPH Percent severe ER-MAS

Placebo 10mg 20mg 25–30mg Placebo 10mg 20mg 25–30mg
Side effect (N= 45) (N = 50) (N = 47) (N= 42) (N = 52) (N= 55) (N= 50) (N= 47)

Insomnia or trouble
sleeping

4.55 (2) 4.08 (2) 10.64 (5) 7.14 (3) 5.77 (3) 12.73 (7) 12.00 (6) 8.51 (4)

Nightmare 0 2.04 (1) 0 2.38 (1) 1.92 (1) 0 2.00 (1) 0
Stares 0 0 0 0 1.92 (1) 3.64 (2) 2.00 (1) 2.13 (1)
Talk less 4.55 (2) 0 4.26 (2) 4.76 (2) 0 1.82 (1) 0 6.38 (3)
Uninterested 0 0 2.13 (1) 2.38 (1) 1.92 (1) 3.64 (2) 0 2.13 (1)
Loss of
Appetite

2.22 (1) 10.20 (5) 14.89 (7) 7.14 (3) 3.85 (2) 9.26 (5) 14.00 (7) 12.77 (6)

Irritable 6.67 (3) 2.04 (1) 14.89 (7) 5.77 (3) 7.27 (4) 10.00 (5)
Stomach
Ache

2.22 (1) 4.08 (2) 0 11.90 (5) 1.92 (1) 1.82 (1) 2.00 (1) 2.13 (1)

Head ache 0 4.08 (2) 0 2.38 (1) 3.85 (2) 1.82 (1) 2.00 (1) 6.38 (3)
Drowsiness 2.22 (1) 0 0 0 1.92 (1) 0 0 4.26 (2)
Sadness 0 0 2.13 (1) 0 0 0 0 4.26 (2)
Crying 2.22 (1) 0 2.13 (1) 0 1.92 (1) 1.82 (1) 0 4.26 (2)
Anxiety 0 2.04 (1) 0 0 0 0 0 0
Nail biting 6.67 (3) 12.24 (6) 19.15 (9) 0 9.62 (4) 16.36 (9) 14.00 (7) 0
Euphoric 4.55 (2) 0 0 14.28 (6) 1.92 (1) 3.64 (2) 0 10.64 (5)
Dizziness 0 0 0 0 0 0 0 0
Tics 0 0 0 0 0 0 0 2.13 (1)

0 0

ER d-MPH= extended release dexmethyphenidate; ER MAS= extended release mixed amphetamine salts.

Table 3. Percent and Frequency Achieving Clinical Global Impressions-Improvement

‘‘Much’’ or ‘‘Very Much’’ Improved

ER d-MPH ER MAS

Placebo
(N = 46)

10 mg
(N = 50)

20 mg
(N = 51)

25–30 mg
(N = 49)

Placebo
(N = 53)

10 mg
(N= 55)

20 mg
(N = 51)

25–30mg
(N = 49)

Responders 19.57 (9) 18 (9) 45.10 (23) 48.98 (24) 24.53 (13) 27.27 (15) 45.10 (23) 51.02 (25)
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Surprisingly, the magnitude of the placebo response on ADHD

symptoms was similar to the 10mg dose of either ER d-MPH or ER

MAS. The relatively robust placebo effect in this study highlights

the importance of using a placebo comparison in ADHD treatment

studies, rather than looking at change scores from baseline, which

would not correct for expectancy and time effects. The present

findings are consistent with previous literature on placebo effects

in ADHD trials (Newcorn et al. 2009), suggesting that higher

placebo rates occur in research participants with the inattentive

type, stimulant naive status, and with African American ethnicity.

ER MAS was associated with slightly higher rates of severe

insomnia compared with ER d-MPH at the 10mg dose. This finding

is consistent with a previous study of IR preparations that reported

higher rates of insomnia with twice daily AMP (0.15mg/kg/dose)

compared with MPH (0.5mg/kg/dose) (Efron et al. 1997). In the

present study of multiple dose effects, there were no stimulant

differences in insomnia rates at higher dose levels. Adverse events

were more common at the second highest dose level as opposed to

the highest dose level, presumably due to more time to accom-

modate to the medication as well as several participants who did

not receive the highest dose level due to previous adverse events.

There is clear evidence of a dose-dependent relationship for in-

somnia and decreased appetite when the entire range of doses and

placebo are considered, although in the vast majority these events

were not viewed as severe.

How common is differential response?

Differential response is of most relevance in cases where there is

poor, partial, or nonresponse to the first stimulant tried. In the

present study, the majority of children responded similarly to both

stimulants. However, nearly half of the responders (i.e., 43%)

achieved their response preferentially with one or the other stim-

ulant class; 14.3% of the total samples were responders to ER

d-MPH only, and 12.5% responded only to ER MAS. These find-

ings resemble those of Elia and colleagues (1991), who compared

the efficacy and tolerability of twice-daily IR MPH and dextro-

amphetamine in 48 boys with ADHD in a day-hospital setting. Both

medications produced similar improvement on behavioral ratings

of ADHD symptoms at the group level; however, there was con-

siderable differential response in that 14 out of 46 responders re-

sponded to only one drug based upon CGI ratings. Similarly, in a

large, parallel group comparator study of OROS MPH and the

nonstimulant, atomoxetine (Newcorn et al. 2008), approximately

one-third of subjects were preferential responders to one or the

other medication. Taken together, the results of these studies il-

lustrate the importance of examining response to different ADHD

treatments, even when there seems to be a response to the first

medication tried. Regardless, the rather large group of selective

responders to the different classes of stimulants is provocative, and

raises important questions for future research. It is hoped that future

CER studies with larger samples may identify specific clinical or

genetic predictors of differential response, which can then be

studied in prospective effectiveness trials.

As in most studies of clinic-referred children, the sample was

heterogeneous with respect to previous stimulant experience, eth-

nicity, and ADHD subtype. However, the study has several limi-

tations that impact generalizability to clinical practice, including

the short duration of time children were maintained on each dose

and the fixed dose titration. Although there were no significant

differences in tolerability detected between the two stimulant for-

mulations, it should be noted that our sample was not adequately

powered to detect small or modest effects. Hence the possibility of

small differences in response associated with type of stimulant

cannot be ruled out. Further, improvement could occur at any week/

dose condition and; therefore, the responder data may be subject to

chance fluctuations. An additional limitation is that, whereas we

studied two highly representative ER formulations of MPH and

AMP, we did not study all the formulations of these two medication

classes. It is tempting to suggest that findings for other MPH and

AMP formulations would parallel those reported here, but this

cannot be assumed. Finally, measures of efficacy and tolerability

were based primarily on parent report. However, it is possible that

teacher reports might have produced different findings. For ex-

ample, in the MTA study, teacher ratings were able to detect pla-

cebo drug differences during dose ranging trials and were

associated with larger effects sizes (i.e., 0.8–1.3) than parent ratings

(i.e., 0.4–0.6). Nonetheless, parent ratings have demonstrated

sensitivity and clinical utility in numerous studies of long-acting

medications (Biederman et al. 2006).

Conclusion

Both ER d-MPH and ER MAS were associated with significant,

dose-dependent reductions in ADHD symptoms. Decreased appetite

and insomnia were more common at higher dose levels for both

stimulants. Dose level, rather than stimulant class, was strongly re-

lated to medication response. Although the majority of children re-

sponded similarly to both stimulants, 14.3%of the total samples were

responders to ER d-MPH only, and 12.5% responded only to ER

MAS. Future comparative effectiveness studies with multiple infor-

mants and larger samples over longer time periods are necessary to

develop a data-driven, personalized approach to ADHD treatment.

Clinical Significance

Study findings support the importance of individually titrating

to optimal efficacy and tolerability, and are consistent with virtually

all treatment algorithms to try a different class of ADHD medica-

tion when the first medication selected fails. However, it is still to

be determined whether it is best to use another stimulant formu-

lation or a nonstimulant such as atomoxetine, clonidine, or guan-

facine as the second choice, and whether there are clinical or

biological predictors of response.
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