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Abstract

Objective: This study compared the methylphenidate (MPH) dose–response profiles of children with the Predominantly

Inattentive (PI) and Combined (CB) subtypes of attention-deficit=hyperactivity disorder (ADHD). It is the first such study to

enroll a sample comprised exclusively of children, all but one of whom had no prior exposure to ADHD medications.

Method: The design was a double-blind crossover with 1-week exposures to placebo and low, medium, and high, fixed, three

times daily (t.i.d.) dosage regimens of immediate-release MPH, administered in random order. Parents and teachers com-

pleted weekly behavioral questionnaires (Conners, Swanson, Kotkin, Agler, M-Flynn and Pelham Scale [SKAMP]) and a

child psychiatrist provided weekly ratings of symptom severity (ADHD Rating Scale [ADHD-RS]), side effects (Side Effects

Rating Scale), and a Clinical Global Impressions–Severity (CGI-S). In addition, laboratory measures of vigilance (Con-

tinuous Performance Test [CPT]) and resistance to cognitive interference (Stroop) were administered weekly.

Results: Twenty-five children (15 CB, 10 PI), who met rigorous diagnostic criteria for their ADHD subtype, completed the

study. Groups did not differ on demographic variables or severity at baseline. Behavioral questionnaires and clinical ratings

indicated significant improvement on MPH for both subtypes but no differences in response profiles of the two groups. Drug

effects were predominantly linear for both subtypes. Effects of MPH were significant for the CPT, but not the Stroop,

instrument with no differences between ADHD subtypes.

Conclusions: Results support the clinical utility of MPH in the treatment of the PI subtype and provide no evidence of

differences in response between the subtypes.

Introduction

The Predominantly Inattentive (PI) subtype of attention-

deficit=hyperactivity disorder (ADHD) has been recognized in

the Diagnostic and Statistical Manual of Mental Disorders, 4th

edition (DSM-IV) since 1994 (American Psychiatric Association

1994). This subtype shares the inattentiveness of the more com-

monly diagnosed Combined (CB) subtype, but lacks the accom-

panying hyperactivity–impulsivity. There may be qualitative

differences between the subtypes in attention as well in that chil-

dren with PI are more likely to display sluggish cognitive tempo

(Carlson and Mann 2002; Hartman et al. 2004) and have slower

processing speed (Chhabildas et al. 2001; Nigg et al. 2002; Solanto

et al. 2007). Other phenotypic differences between the subtypes

have been well documented. In particular, children with PI are

significantly less likely to display other disruptive behaviors

(Eiraldi et al. 1997; Willcutt et al. 1999). In addition, children with

PI have distinct patterns of social deficits, characterized by greater

passivity, lower aggression (Maedgen and Carlson 2000), and less

assertiveness (Solanto et al. 2009). Taken together, these dif-

ferences suggest that children with the PI subtype do not share a

deficit in inhibitory control, which has been hypothesized to be

critical to the etiology of the CB subtype (Barkley 1997).

Controversy persists concerning whether PI is truly a separate

subtype of ADHD, merely a variant in severity of CB, or an entirely

different disorder (Lahey 2001; Milich et al. 2001). Investigations

of neurocognitive processes have largely failed to identify en-

dophenotypic differences that might account for the observed

phenotypic differences between the subtypes. Two neuropsycho-

logical studies found no difference between subtypes in execu-

tive function, including inhibitory control, after controlling for

differences in intelligence quotient (IQ) or in performance on
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nonexecutive tasks (Geurts et al. 2004; Solanto et al. 2007). Fur-

thermore, a longitudinal follow-up study showed little stability of

the subtypes from preschool through elementary school (Lahey

et al. 2005).

A key criterion for differentiation between syndromes is unique

response to treatment (Cantwell 1996). Despite the fact that stim-

ulants and atomoxetine are widely used to treat PI as well as CB,

there has been little research examining the response of the PI

subtype to these medications. Two studies failed to find significant

differences between the subtypes in response to methylphenidate

(MPH) on the major outcome measures. However, one of these

used Diagnostic and Statistical Manual of Mental Disorders, 3rd

edition (DSM-III) (American Psychiatric Association, 1980) cri-

teria for subtyping (Barkley et al. 1991), and the other compared

only the terminal daily dose (1.0 mg=kg) to placebo (Gorman et al.

2006). The sole dose–response study with children diagnosed ac-

cording to DSM-IV was a crossover trial with weekly switches to

placebo or one of three different doses (18, 36, and 54 mg=day)

(Stein et al. 2003). Results indicated that participants with PI were

more likely to respond optimally at lower doses than were those

with CB. However, both children and adolescents were included in

unspecified proportions within each subtype, and it is known that

children have different dose–response profiles than do adolescents

or adults (Wolraich et al. 2005). Furthermore, diagnosis of ADHD

was based on a clinical ‘‘best estimate’’ application of DSM-IV

criteria, without use of a structured diagnostic interview or speci-

fication of inclusion criteria on parent or teacher questionnaires.

The current study was mounted to compare dose–response pro-

files of children with PI and CB diagnosed using rigorously applied

DSM-IV criteria. Predictions for the comparative response of

the subtypes were guided by evidence of divergence in the dose-

response and time-action functions for behavioral and cognitive

effects of stimulants. A review of the stimulant drug treatment lit-

erature indicated that effect sizes (d ) have on average been larger for

behavioral (0.8–1.0) than for cognitive (0.6–0.8) changes (Spencer

et al. 1996). Furthermore, a review of studies that conducted hourly

monitoring of activity level and cognitive=attentional function on

objective measures (Solanto 2002) revealed longer duration of

stimulant effects on the former. Given this literature, and given that

the deficits of children with PI are largely in the attentional realm,

we predicted preferential response to higher MPH doses in this

subtype relative to children with CB.

Methods

The study was approved by the Institutional Review Board at the

institution where it was conducted. Participants’ parents=guardians

and teacher-participants gave written informed consent. Children

gave oral and written assent following a description in language

understandable to children.

Overview of design and procedures

The design was a double-blind crossover, with week-long ex-

posure to placebo and each of three different dosage regimens of

immediate-release MPH in randomized order. Parents and teachers

completed weekly behavioral questionnaires, and a child psychia-

trist examined the child weekly with respect to symptom levels and

side effects. Drug effects were also examined on weekly tests of

neurocognitive functions.

The participants were a subset of those who participated in a

study of neurocognitive functioning in subtypes of ADHD. Eva-

luation procedures and eligibility criteria were as described in that

paper (Solanto et al. 2007), with the exception that children with

co-morbid learning disorders were not eligible for that study, but

they were eligible for the current study. Eligibility was assessed in

four stages: (1) A phone screen, (2) completion of questionnaires by

parents and teachers, (3) face-to-face diagnostic interviews of par-

ent and child, and (4) intellectual and achievement testing. Children

who met all inclusion and exclusion criteria were scheduled for a

baseline evaluation with a study psychiatrist who obtained medical

history and confirmed that there were no contraindications for

stimulant treatment.

Recruitment

Children with attention problems were recruited via notices

placed on websites of lay self-advocacy groups (e.g., Children and

Adults with Attention Deficit=Hyperactivity Disorder [CHADD]),

circulated to physicians and schools, placed in local newsletters,

and posted on bulletin boards within the hospital.

Phone screen and questionnaires

A phone interview with parents was conducted to ascertain that

children were within the appropriate age range, were not currently

receiving psychotropic medication, had no chronic medical or

neurological conditions, spoke English as a first language, had at

least 5 of the 9 DSM-IV inattentive symptoms (to err in the di-

rection of inclusion), and lived near enough to complete the study.

Parent and teacher rating scales were sent to families meeting

phone screen criteria. Those meeting full criteria on questionnaires,

as described below, were invited in for the formal evaluation.

Selection criteria

Inclusion. The following stringent inclusion criteria were

used to ensure that children could be unambiguously assigned to

one of the two ADHD subgroups: (1) Age between 7 and 12 years.

(2) Concordant reports on the Conners’ Parent Rating Scale (long

form) (CPRS) (Conners et al. 1998) and Conners’ Teacher Rating

Scale (CTRS) (long form) (Conners et al. 1998), as follows: For the

CB group, T-scores �65 on both the DSM-IV Inattentive and

DSM-IV Hyperactive-Impulsive Scales; for the PI group, T-scores

�65 on the DSM-IV Inattentive Scale, and <65 on the DSM-IV

Hyperactive-Impulsive scale. (3) Diagnosis of ADHD, CB or PI,

according to a structured diagnostic interview of the parent (Di-

agnostic Interview Schedule for Children and Adolescents, DSM-

IV version) (Shaffer et al. 1996). (4) Expert clinical diagnosis of

ADHD, based on a review of all information collected, including a

clinical interview of the parent(s) to obtain the history and a

semistructured clinical interview of the child.

Exclusion. Children currently receiving psychotropic medi-

cation were excluded. In addition, the following exclusion criteria

were applied to both groups. (1) Wechlser Intelligence Scale for

Children, 3rd edition (WISC-III) Full Scale IQ<80. (2) Presence of

mood disorder, Tourette’s disorder, or psychotic disorder, estab-

lished on the basis of the DISC-IV interview and corroborated by

results of the open-ended clinical interview. Co-morbid external-

izing disorders were not exclusionary. Co-morbid learning disor-

ders, with the exception of pervasive developmental disorder, were

not exclusionary. Reading and arithmetic disorders were diagnosed

on the basis of either of the following: Significant difference

( p� 0.05) between predicted and actual standard scores for the

Reading Composite (or, for arithmetic, Math Reasoning) on the

Wechsler Individual Achievement Test (WIAT), or a standard
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score less than or equal to 85 on either of these WIAT indices. (3)

Sensory impairment or chronic medical or neurological condition,

including asthma, that required systemic medication. (4) Color-

blindness, because the Stroop test has colored stimuli, assessed

using the Ishihara plates (Ishihara 1960).

Medication

Dosage regimens were the same as those used successfully in the

titration trial of the Multimodal Treatment Study of ADHD

(Greenhill et al. 1996). Medication was administered in the morn-

ing, at midday and at 3 p.m. The low dosage was 5, 5, and 5 mg; the

medium dosage was 10, 10, and 5 mg; and the high dosage was 20,

20, and 10 mg. For children weighing less than 25 kg, the high

dosage was 15, 15, and 5 mg. The double-blind trial was preceded

by an open-label lead-in week, during which the dose was increased

from low to medium or medium to high every 2 days to ascertain

any significant side effects. The protocol called for immediate

discontinuation of children who experienced serious adverse effects

during the lead-in (rating of ‘‘severe’’ or above on any side effect, or

any hallucinations). For other children, the protocol allowed for

extension of the lead-in to a maximum of 2 weeks to allow for

accommodation. Children who did not accommodate (i.e., no side

effect rated as more than ‘‘moderate’’) within 2 weeks of extended

lead-in were excluded. No child was excluded from the 4-week trial

as a result of side effects experienced during the lead-in period.

Study medications were prepared and coded by the hospital

pharmacy using identical gelatin capsules for active medication and

placebo.

Weekly assessments and instruments

At baseline and the end of each of the four double-blind study

weeks, parents and teachers completed the CPRS or CTRS, and

the Swanson, Kotkin, Agler, M-Flynn and Pelham Scale (SKAMP)

(Swanson 1992). On the Conners, the T-score on the age- and

gender-normed DSM-IV Inattentive subscale was the primary

outcome measure. On the SKAMP, the primary outcome was

the mean score on the 10-item Attention subscale of functional

behaviors in home or school, as rated by parent or teacher

respectively, on a 7-point scale ranging from 0 (no impairment) to

6 (maximal impairment).

The study psychiatrist met weekly with the child and parent to

measure height, weight, and vital signs and complete the Side Ef-

fects Rating Scale (SERS) of 11 side effects on a 4-point scale from

0 (none) to 3 (severe) (Greenhill et al. 1996). The psychiatrist also

completed the ADHD Rating Scale (ADHD-RS-IV), consisting

of the 9 Inattentive and 9 Hyperactive-Impulsive DSM-IV symp-

toms of ADHD, each rated on the basis of the parent interview on

a 4-point scale ranging from 0 (never or rarely) to 3 (very often)

(DuPaul 1998; Faries et al. 2001). The patient was also given a

single rating, ranging from 1 (‘‘normal=not ill’’) to 7 (‘‘among the

most extremely ill patients’’) on the National Institute of Mental

Health (NIMH) Clinical Global Impressions (CGI) scale of severity

(National Institute of Mental Health 1985). Teacher ratings for the

just-ended week were made available to the psychiatrist to be in-

cluded in the determination of the CGI.

Laboratory measures

The Continuous Performance Test (CPT) and Stroop test were

administered at each weekly visit within 2 hours of the last ad-

ministered dose. The Conners CPT measures vigilance (omission

errors; reaction time [RT] for hits; standard deviation of hit RT;

change in RT as a function of changes in interstimulus interval; and

d0, the index of ‘‘attentiveness’’ or ability to discriminate target

and nontarget stimuli), as well as impulsivity (commission errors;

and beta, indexing bias to respond). The CPT Index score is a

weighted average of all performance measures on this task, inter-

preted as follows: Less than 8 is ‘‘good,’’ 8–11 is ‘‘borderline,’’

greater than 11 is ‘‘poor’’ (Conners 1994).

The paper version of the Stroop was administered and scored

using the standard procedures (Golden 1978). The primary out-

come measure was the Interference score, which is calculated as the

difference between the age-corrected raw Color-Word score and

the predicted Color-Word score (Golden 1978) and converted to a

T-score such that a higher score indicated better performance.

Data analyses

Data were analyzed using SPSS. Baseline scores for the two

groups on demographic and outcome measures were compared by

t-test. The effects of MPH were analyzed via repeated-measures

multivariate analysis of variance analysis (MANOVA) with one

within-subjects factor of Treatment with four levels (Placebo, Low,

Medium, and High Dosage) and one between-subjects factor of

Group with 2 levels (PI and CB). A MANOVA was conducted for

the Clinician ratings on the ADHD-RS and CGI. A separate

MANOVA was conducted for Parent and Teacher ratings on the

Conners and SKAMP. Secondary analyses, comparing baseline and

placebo scores by t-test, was conducted to elucidate placebo effects

on these ratings.

MANOVAs were conducted for the eleven individual side ef-

fects ratings on the SERS and the 8 outcome measures on the CPT.

For the neurocognitive tests, there were four levels of Treatment

(placebo, low, medium, and high).

All multivariate tests utilized Wilks’ Lambda and all within-

subjects tests used the Greenhouse–Geisser F statistic after ad-

justment of the degrees of freedom based on the Mauchly Test of

Sphericity. To maximize the likelihood of finding differences be-

tween subtypes (reduce Type II error), planned contrasts were

conducted for the subtypes separately even in the absence of a

significant interaction between Group and Treatment. Post hoc

pairwise tests comparing placebo and drug doses were conducted

using the method of least significant differences.

Results

Across the four placebo and drug conditions for the 25 children,

data points were missing as follows: Parent Conners, 1%; Teacher

Conners, 6%; Parent SKAMP, 1%; Teacher SKAMP, 4%; Side

Effects, 0%. Missing scores were replaced by the mean of the

scores for that group in that condition.

Study sample

The initial participant group included 30 children. Three chil-

dren were enrolled but discontinued before receiving any medica-

tion. Two children began the double-blind portion of the study but

did not complete the trial. One of these children, in the PI group,

discontinued due to the development of thrombocytopenic purpura

during the first double-blind treatment week (which happened to be

placebo). The other child, in the CB group, discontinued due to

insomnia and loss of appetite during the low-dose condition, which

occurred during the first week of the double-blind treatment

protocol.
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Table 1. Post Hoc Univariate Main Effects, Interactions, and Contrasts for Effects of Group and Treatment

Effects for combined sample and for
subtypes analyzed separately (F-values)

Treatment effect
contrasts (F-Values)

Measure Group Treatment
Group�
treatment

Partial eta
squared (Zp

2) for
treatment effect Linear Quadratic Cubic

ADHD-RS Total 7.62b 9.94d 0.22 0.369 20.60d 2.29 3.44a

Combined 5.88c 0.370 15.96c 1.36 0.67
Inattentive 4.51b 0.392 6.63b 1.46 2.58

CGI Severity 5.66b 3.35b 1.05 0.165 7.73b 0.53 1.08
Combined 2.08 0.172 7.31b 0.74 0.24
Inattentive 2.12 0.232 2.26 0.05 3.72a

Conners’ Parent IN 4.30b 4.60c 0.54 0.167 10.03c 0.11 1.79
Combined 3.03a 0.178 5.86b 0.36 0.17
Inattentive 2.05 4.51a 0.51 1.38

Conners’ Teacher IN 0.47 1.14 0.03 0.047 5.56b 0.12 0.00
Combined 0.74 0.050 3.37a 0.17 0.00
Inattentive 0.46 2.27 0.10 0.00

SKAMP Parent IN 4.36b 4.53b 1.63 0.164 7.48b 1.84 0.60
Combined 1.40 0.091 0.78 2.76 1.99
Inattentive 4.36b 9.38b 0.24 0.03

SKAMP Teacher IN 0.47 4.66c 0.09 0.168 9.89c 0.49 0.44
Combined 2.75a 0.164 5.43b 0.51 0.74
Inattentive 2.35 5.12b 0.10 0.02

Side Effects (Total Score) 1.29 6.21c 0.51 0.213 6.96b 12.03c 0.35
Combined 3.98b 0.221 4.84b 5.12b 1.77
Inattentive 3.77b 0.295 4.80a 9.58b 0.46

Stroop–Interference Score 1.77 0.61 0.40 0.031 1.25 0.24 0.59
Combined 0.74 0.058 0.18 1.42 0.27
Inattentive 0.34 0.046 1.23 0.03 0.26

CPT–Index Score 0.27 4.23c 0.40 0.174 8.17b 0.01 1.19
Combined 1.95 0.140 3.26a 0.76 0.24
Inattentive 2.84a 0.262 5.99b 0.38 1.00

CPT–Hit RT 0.11 3.05a 0.32 0.132 5.31b 0.63 1.74
Combined 2.38 0.165 4.07a 0.05 1.92
Inattentive 1.26 0.136 2.25 1.11 0.34

CPT–Hit RT SE 0.02 9.44c 1.18 0.321 16.16c 0.62 0.76
Combined 10.12c 0.457 15.55c 0.61 3.58a

Inattentive 1.97 0.198 3.76a 0.15 0.19
CPT–Omission 0.40 9.21d 1.32a 0.315 24.98d 0.07 0.00

Combined 7.12c 0.372 17.33c 1.89 0.03
Inattentive 4.26b 0.347 10.32b 1.08 0.02

CPT–Commission 0.09 2.33a 0.68 0.105 5.79b 0.05 0.21
Combined 1.84 0.133 3.62a 0.63 0.04
Inattentive 1.35 0.144 2.98 0.71 0.73

CP–Attentiveness (d’) 0.13 9.09d 0.53 0.312 22.07d 1.31 0.84
Combined 5.25c 0.304 10.18c 0.06 0.00
Inattentive 4.39b 0.355 17.63c 1.12 2.62

CPT–Beta 0.73 11.30d 0.08 0.361 21.76d 0.94 1.11
Combined 7.10c 0.372 12.41c 1.08 0.31
Inattentive 4.80b 0.375 10.77b 0.16 0.72

CPT–Hit RT ISI Change 0.04 3.40b 1.11 0.145 4.39b 3.95a 0.36
Combined 3.87b 0.244 3.86a 7.67b 1.19
Inattentive 0.68 0.078 1.53 0.12 0.16

Results in boldface are for the total sample. Subgroups were also tested separately in planned contrasts. Within-subjects tests used the Greenhouse–
Geisser F-statistic.

ap< 0.10.
bp< 0.05.
cp< 0.01.
dp< 0.001.
Abbreviations: ADHD-RS¼ADHD Rating Scale; CGI¼Clinical Global Impressions; IN¼ Inattention subscale; SKAMP¼ Swanson, Kotkin, Agler,

M-Flynn and Pelham Scale; CPT¼Continuous Performance Test; RT¼ reaction time; SE¼ standard error; ISI¼ interstimulus interval.
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Twenty-five participants (15 CB and 10 PI) completed the study

protocol. One 13 year old, who had been evaluated for the neuro-

cognitive study by age 12, but whose participation in the current

study was delayed, was admitted to the PI group There were no sig-

nificant differences between the CB and PI groups in gender (40%

male vs. 50%, respectively); mean age (8.53� 1.3 vs. 9.20� 1.6);

minority representation (53% vs. 20%); full-scale IQ (109� 15.80

vs. 113� 16.17); oppositional defiant disorder (ODD)% (13% vs.

20%), learning disability (LD)% (40% vs. 20%); or percentage with

anxiety (0% vs. 10%). Groups were also equivalent in severity at

baseline as ascertained on the Parent DSM-IV Inattentive scale

(76.46� 9.12 vs. 80.29� 5.79); the Teacher DSM-IV Inattentive

Scale (69.69� 9.51 vs. 69.10� 4.95); and CGI (4.73� 0.70 vs.

4.20� 0.63). As intended by the selection criteria, the subtypes were

well-separated with respect to ratings of hyperactivity-impulsivity

on the DSM-IV Hyperactive-Impulsive scale completed by the

Parent (76.62� 10.68 vs. 58.43� 12.78, t¼ 3.40, p¼ 0.003), and by

the Teacher (78.15� 9.01 vs. 57.00� 10.25, t¼ 5.0, p� 0.001).

Only 1 child in the sample had a history of treatment with

medication for ADHD, but at the time of enrollment this child had

been off all medication for more than 1 year.

Subgroups did not differ significantly in mg=kg per day of MPH

received in the study, which were as follows for the CB and PI

groups, respectively: Low, 0.50� 0.12 vs. 0.44� 0.13; medium,

0.83� 0.20 vs. 0.73� 0.21; high, 1.54� 0.31 vs. 1.40� 0.38.

Paired-sample t-tests revealed that reduction in symptoms from

baseline to placebo was significant (two-tailed test) for all parent,

teacher, and clinician ratings, with the exception of Conners Parent.

Clinician ratings

ADHD-RS and CGI. For the ADHD-RS, scores were in-

complete for four cases in the CB subgroup and two in the PI

subgroup. CGI ratings were incomplete for 1 case. These scores

were not replaced. MANOVA of ADHD-RS Total Score and CGI

ratings yielded a robust effect of Treatment (F¼ 4.81, p< 0.001,

partial eta squared Zp
2¼ 0.224), as well as a significant effect of

Group (F¼ 3.71, p¼ 0.047, Zp
2¼ 0.317), due to worse scores in the

CB subgroup. There was no interaction between Group and

Treatment. Post hoc univariate tests (Table 1) show a highly sig-

nificant effect of Treatment on ADHD-RS Total score and signif-

icant effect on CGI severity, due in both cases to the linear effect of

drug treatment. Pairwise comparisons (Table 2) show significant

differences between each dose and placebo, but no significant

differences between doses.

Parent and teacher ratings

MANOVA of parent and teacher ratings yielded a significant

effect of Treatment (F¼ 2.33, p¼ 0.009, Zp
2¼ 0.123) but no effect

of Group nor Group�Treatment interaction. Post hoc univariate

tests (Table 1) show that the effect of Treatment was highly sig-

nificant for the Parent Conners (Fig. 1) and for the Parent and

Teacher SKAMP ratings, attributable to a linear reduction in

symptoms for both subgroups with the introduction of drug and

with increasing drug dose. Quadratic and cubic components of the

treatment effect were not significant for the subgroups considered

together or separately.

Pairwise comparisons (Table 2) yielded significant symptom

reductions for the medium and high dosages, compared to placebo,

for both the Parent and Teacher SKAMP. For the Parent Conners

ratings, however, only the high dose was significantly different

from placebo, suggesting that ratings of impairment on the SKAMP

are more sensitive to drug effects than the symptom ratings on the

Conners.

Table 2. Means and Pairwise Comparisons for Behavioral Measures and Side Effects

Mean (SD)

Measure Baseline Placebo Low Medium High

ADHD-RS Total Score 33.21 (9.69) 26.58 (11.39)a 18.63 (10.45)b 18.21 (10.34)b 15.21 (9.21)b

Combined 37.55 (6.38) 30.64 (10.10) 23.18 (9.65) 21.36 (10.25) 19.55 (8.95)
Inattentive 27.25 (10.65) 21.00 (11.24) 12.38 (8.38) 13.88 (9.36) 9.25 (5.78)

CGI Severity 4.52 (0.71) 4.00 (1.12)a 3.44 (1.16)b 3.28 (1.10)a,b 3.08 (0.81)b

Combined 4.73 (.70) 4.2 (1.15) 3.87 (.92) 3.4 (.99) 3.4 (.74)
Inattentive 4.20 (.63) 3.7 (1.06) 2.80 (1.23) 3.10 (1.29) 2.60 (.70)

Conners’ Parent IN 77.99 (8.05) 65.80 (13.98)a 61.64 (10.39)a 61.56 (11.84)a 56.96 (12.41)b

Combined 76.46 (9.12) 69.20 (13.44) 64.93 (10.89) 63.27 (12.39) 61.07 (13.44)
Inattentive 80.29 (5.79) 60.70 (13.84) 56.70 (7.62) 59.00 (11.10) 50.80 (7.70)

Conners’ Teacher IN 69.46 (7.87) 63.28 (10.55)a 61.52 (7.98)a,b 60.48 (6.55)a,b 60.04 (10.57)b

Combined 69.69 (9.51) 64.13 (10.74) 62.13 (7.17) 61.20 (6.04) 61.07 (10.60)
Inattentive 69.10 (4.95) 62.00 (10.71) 60.60 (9.38) 59.40 (7.44) 58.50 (10.89)

SKAMP Parent IN 2.78 (1.10) 1.97 (1.34)a 1.55 (1.18)a,b 1.53 (1.32)b 1.39 (1.42)b

Combined 2.77 (1.14) 2.26 (1.34) 1.80 (1.25) 2.00 (1.47) 1.90 (1.58)
Inattentive 2.79 (1.11) 1.54 (1.30) 1.17 (0.98) 0.81 (0.62) 0.61 (0.58)

SKAMP Teacher IN 2.60 (1.04) 2.49 (1.55)a 2.22 (1.34)a,b 1.79 (1.02)b 1.74 (1.24)b

Combined 2.69 (1.24) 2.61 (1.60) 2.37 (1.43) 1.86 (0.87) 1.89 (1.01)
Inattentive 2.47 (0.67) 2.30 (1.53) 1.99 (1.22) 1.69 (1.25) 1.50 (1.56)

Side Effects–Total Score 2.64 (2.27) 1.60 (2.00)a 1.80 (2.02)a,b 3.28 (3.41)b 5.08 (4.47)c

Combined 2.80 (2.62) 1.47 (1.25) 2.40 (2.23) 3.87 (3.64) 5.53 (5.21)
Inattentive 2.40 (1.71) 1.80 (2.86) 0.90 (1.29) 2.40 (2.99) 4.40 (3.20)

Results in boldface are for the total sample. Figures in parentheses are standard deviations. Pairwise comparisons did not include baseline. Means with
nonoverlapping letters are significantly different ( p< 0.05).

Abbreviations: SD¼ Standard deviation; ADHD-RS¼ADHD Rating Scale; CGI¼Clinical Global Impressions; IN¼ Inattention subscale;
SKAMP¼ Swanson, Kotkin, Agler, M-Flynn and Pelham Scale.
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Side effects

The Total SERS score was significant for the effect of Treatment

but not for the interaction between Group and Treatment (Table 1).

Both the linear and quadratic components of the Treatment effect

were significant. Means (Table 2) revealed that Total SERS ex-

ceeded baseline and placebo only at the highest dose.

Scores for individual side effects were entered into a MANOVA

that yielded a significant main effect of Treatment (F¼ 1.950,

p¼ 0.001) but no interaction with Group. Univariate analyses

showed that Treatment caused an increase in side effects for: Ap-

petite (F¼ 7.996, p� 0.001), sleep (F¼ 5.32, p¼ 0.001), and

stomachaches (F¼ 3.348, p¼ 0.032), with marginal Treatment

effects on headaches (F¼ 2.822, p¼ 0.054) and picks at skin or

fingers (F¼ 1.059, p¼ 0.053). Examination of means for individ-

ual items revealed that the apparent decrease in side effects relative

to baseline and placebo for the PI subgroup at the lowest dose was

due to a reduction in ratings for side effects involving sleep, stom-

achaches, worrying, and tearfulness. Ratings for these side effects

increased at higher doses for both subgroups.

Neurocognitive tests

There were no significant differences between subtypes on

placebo for any of the cognitive measures.

Continuous Performance Test. Complete CPT data were

available for analysis for 13 CB and 9 PI participants. (Missing data

points for the neurocognitive test results were not replaced by

means.) MANOVA for the combined sample yielded a significant

main effect of Treatment (F¼ 2.53, p< 0.001, Zp
2¼ 0.275). Uni-

variate analyses (Table 1) yielded significant effects of Treatment

on all measures with the exceptions of Hit RT and Commission

Errors, for which the effect was a trend. For all significant drug

effects, only the linear component was significant. There were no

significant effects or interactions involving Group. The means of

one or more drug doses differed significantly from placebo for all

CPT measures (Table 3). Mean scores were reduced from the

clinical range on placebo to the normal range on one or more drug

doses for: Beta, Omission errors, and CPT-RT interstimulus in-

tervals (ISI). Also significantly improved by drug was the CPT

Index (Fig. 2). CPT scores most sensitive to drug effects were Beta,

Hit RT SE, Omission errors, and Attentiveness.

The MANOVA tests conducted separately for the subtypes

yielded a significant main effect of Treatment on the CPT for the

CB subgroup [F¼ 2.48, p¼ 0.001, Zp
2¼ 0.402] and a trend for an

effect of Treatment for the PI subgroup [F¼ 1.55, p¼ 0.097,

Zp
2¼ 0.416].

Stroop Color-Word Test. Complete Stroop data were

available for 13 CB and 8 PI participants. Analysis of variance

(ANOVA) yielded no significant main effects or interactions (Table

1). Mean age-adjusted T-scores were in the average range (Table 3)

for both subgroups in all placebo and drug conditions.

Discussion

Results revealed significant effects of MPH for both the CB and

PI subtypes, but little difference in the response of these two sub-

groups. For both subtypes, there was a linear decrease in symptoms

with increasing drug dose, whether rated by clinicians, parents, or

teachers.

Performance on the CPT also improved as a linear function of

dosage for both subgroups. The CPT appeared somewhat more

sensitive to drug effects than did the behavioral measures, evi-

dencing improvement at the lowest dose, as well as differences

between doses for some measures. Scores indexing vigilance (e.g.,

Attentiveness) as well as impulsivity (e.g., Beta) yielded significant

treatment effects. These results are consistent with many reports of

the sensitivity of the CPT to stimulant effects in children with

ADHD (Losier et al. 1996), but provided no indication of a dif-

ferential response by subtype.

Effects of MPH on the Stroop have been examined in three other

studies, with one study of a small sample (n¼ 18) reporting sig-

nificant improvement at the subjects’ usual clinical dose (Langle-

ben et al. 2006), and two others, each employing larger samples and

multiple doses finding no effect (Bedard et al. 2002; Scheres et al.

2003). Thus, our study contributes to the balance of negative results

on this test.

A limitation of the study is the relatively small sample size.

However, it must be emphasized that all of these children met

rigorous criteria not only for ADHD, but also for subtype. In ad-

dition, all but one were stimulant-naı̈ve. These features enhance the

homogeneity of the samples. The repeated-measures design pro-

vides additional power. Examination of means provided no sug-

FIG. 1. Conners’ Teacher and Parent DSM-IV Inattentive subscale scores as a function of methylphenidate treatment for the
Combined and Inattentive subtypes. DSM-IV¼Diagnostic and Statistical Manual of Mental Disorders, 4th edition; CB¼Combined;
PI¼ Predominantly Inattentive.
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gestion of a difference between subgroups in dose–response curves.

Consistent with this interpretation, a post hoc power analysis

indicated that a total sample size of 152 would be necessary for

80% power to detect a significant difference ( p� 0.05) for the

Treatment�Group interaction for the ADHD-RS-Total score,

given the small magnitude of the corresponding F statistic (0.22)

and Zp
2 (0.013).

In summary, the results of this study confirm that MPH is an

effective treatment for children with the Predominantly Inattentive

form of ADHD. In addition, the findings of similar dose–response

profiles for the subtypes across different informants (parent,

teacher, and clinician) and on a widely used psychometric test of

attention (CPT) provide no support for the hypothesis of biological

differences between the subtypes.

FIG. 2. Continuous Performance Test Index score as a function of methylphenidate treatment for the Combined and Inattentive
subtypes.

Table 3. Means and Pairwise Comparisons for Neurocognitive Measures

Mean (SD)

Measure Placebo Low Medium High

Stroop–Interference1 55.24 (4.81)a 54.24 (4.44)a 55.52 (4.75)a 56.05 (4.02)a

Combined 55.23 (5.25) 53.54 (3.33) 54.38 (3.25) 55.62 (4.86)
Inattentive 55.25 (4.33) 55.38 (5.90) 57.38 (6.32) 56.75 (2.19)

CPT–Index Score2 9.41 (4.74)a 8.39 (6.03)a 5.64 (6.21)b 5.17 (6.33)b

Combined 10.24 (5.61) 8.95 (6.86) 5.60 (5.99) 6.56 (6.75)
Inattentive 8.81 (2.54) 9.13 (5.11) 5.50 (6.65) 4.11 (5.76)

CPT–Hit RT 51.15 (17.33)a 55.70 (12.75)a 55.51 (10.87)a 57.85 (12.88)b

Combined 51.44 (19.94) 56.15 (14.27) 55.94 (12.17) 59.66 (13.84)
Inattentive 50.74 (13.81) 55.05 (10.97) 54.90 (9.35) 55.24 (11.64)

CPT–Hit RT SE 59.96 (14.15)a 52.24 (13.40)b 49.33 (14.13)b 44.64 (13.40)c

Combined 61.84 (15.40) 51.32 (14.39) 49.43 (16.85) 42.35 (14.71)
Inattentive 57.23 (12.48) 53.57 (12.56) 49.19 (9.89) 47.93 (11.23)

CPT–Omission3 81.56 (17.85)a 71.86 (29.48)a,b 64.46 (32.91)b,c 58.60 (25.28)c

Combined 82.74 (13.29) 67.01 (32.71) 59.26 (33.47) 55.67 (28.82)
Inattentive 79.85 (23.80) 78.87 (24.13) 71.97 (32.50) 61.39 (20.42)

CPT–Commission 55.28 (10.69)a 53.95 (11.03)a,b 51.80 (10.28)b 50.49 (12.92)b

Combined 55.52 (9.88) 54.79 (11.08) 53.41 (6.82) 49.99 (11.18)
Inattentive 54.93 (12.38) 52.74 (11.51) 49.48 (14.05) 51.36 (15.78)

CPT–Attentiveness (d’) 61.72 (10.96)a 57.84 (9.20)b 54.15 (8.77)c 53.33 (11.59)b,c

Combined 60.69 (8.43) 57.40 (8.92) 54.60 (4.95) 52.05 (8.02)
Inattentive 63.21 (14.31) 58.48 (10.10) 53.49 (12.83) 55.18 (15.80)

CPT–Beta 77.59 (22.42)a 69.32 (21.71)a 60.05 (17.86)b 57.59 (16.60)b,c

Combined 75.78 (21.64) 66.03 (21.67) 57.41 (17.98) 55.10 (15.04)
Inattentive 80.20 (24.59) 74.07 (22.14) 63.87 (18.03) 61.18 (18.96)

CPT–RT ISI Change 68.32 (15.36)a 58.29 (14.96)b 57.11 (13.33)b 57.12 (10.63)b

Combined 71.99 (17.70) 56.64 (14.38) 56.81 (14.82) 56.67 (12.45)
Inattentive 63.02 (9.81) 60.69 (16.34) 57.54 (11.68) 57.76 (7.94)

Results in boldface are for the total sample. Standard deviations are indicated in parentheses. Means with nonoverlapping letters are significantly
different ( p< 0.05). With the exceptions noted below, all scores are T-scores. For all CPT measures, a higher score indicates worse performance.

1For the Stroop, a higher T-score indicates better performance.
2The CPT–Index score is an absolute score.
3CPT-Omission errors are expressed as percentiles in the normative population.
Abbreviations: SD¼ Standard deviation; CPT¼Continuous Performance Test; RT¼ reaction time; SE¼ standard error; ISI¼ interstimulus interval.
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