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Abstract

Background: Numerous small clinical trials have been carried out to study the be-
haviourally defined efficacy and safety of short-acting methylphenidate com-
pared with placebo for attention-deficit disorder (ADD) in individuals aged
18 years and less. However, no meta-analyses that carefully examined these
questions have been done. We reviewed the behavioural evidence from all the
randomized controlled trials that compared methylphenidate and placebo, and
completed a meta-analysis.

Methods: We searched several electronic sources for articles published between 1981
and 1999: MEDLINE, EMBASE, PsychINFO, ERIC, CINAHL, HEALTHSTAR, Bio-
logical Abstracts, Current Contents and Dissertation Abstracts. The Cochrane Li-
brary Trials Registry and Current Controlled Trials were also consulted. A study
was considered eligible for inclusion if it entailed the following: a placebo-
controlled randomized trial that involved short-acting methylphenidate and partic-
ipants aged 18 years or less at the start of the trial who had received any primary
diagnosis of ADD that was made in a systematic and reproducible way.

Results: We included 62 randomized trials that involved a total of 2897 partici-
pants with a primary diagnosis of ADD (e.g., with or without hyperactivity). The
median age of trial participants was 8.7 years, and the median “percent male”
composition of trials was 88.1%. Most studies used a crossover design. Using
the scores from 2 separate indices, this collection of trials exhibited low quality.
Interventions lasted, on average, 3 weeks, with no trial lasting longer than
28 weeks. Each primary outcome (hyperactivity index) demonstrated a signifi-
cant effect of methylphenidate (effect size reported by teacher 0.78, 95% confi-
dence interval [CI] 0.64-0.91; effect size reported by parent 0.54, 95% ClI
0.40-0.67). However, these apparent beneficial effects are tempered by a strong
indication of publication bias and the lack of robustness of the findings, espe-
cially those involving core ADD features. Methylphenidate also has an adverse
event profile that requires consideration. For example, clinicians only need to
treat 4 children to identify an episode of decreased appetite.

Interpretation: Short-acting methylphenidate has a statistically significant clinical
effect in the short-term treatment of individuals with a diagnosis of ADD aged
18 years and less. However, the extension of this placebo-controlled effect be-
yond 4 weeks of treatment has not been demonstrated. Exact knowledge of the
extent and definition of the short-term behavioural usefulness of methylphenidate
is questioned.

disorder (ADHD) affects 3%—5% of children aged 18 years and less, making
it perhaps the most common psychiatric diagnosis in this age group.""” Short-
acting methylphenidate (Ritalin) is the medication that is almost universally pre-

f ; tudies across North America have shown that attention-deficit hyperactivity
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scribed for ADHD in these children,**'** making it the de
facto “gold standard.”>!*12324

A large number of relatively small randomized con-
trolled trials (RCT's) have examined the effect of this cen-
tral nervous system stimulant on the core behavioural fea-
tures of ADHD, namely, age-inappropriate levels of
inattention, impulsivity and hyperactivity."***#**%" Several
meta-analyses have synthesized this behavioural evi-
dence,”*** yet each of these is flawed.” For example, they
did not investigate adequately safety data, the impact of
sources of clinical heterogeneity or the presence of publica-
tion bias.” Few satisfactorily distinguished among the vari-
ous types of stimulant used,** despite evidence for their
different pharmacokinetic profiles, clinical regimens, re-
sponses and risks (e.g., the liver toxicity of pemoline).®

More important, most focused on the question of effi-
cacy of stimulants relative to other treatments (e.g., behav-
ioural therapy).””* Few looked exclusively at the clinical
utility of methylphenidate compared with placebo.** This
is noteworthy, because comparing a drug with placebo is
essential to understanding whether or not it works and is
safe.* A given intervention may work better than another
one, without either of them being significantly better than
no active intervention at all. Results from placebo-
controlled studies provide a meaningful context in which to
interpret evidence concerning a drug’s efficacy relative to
that of other approaches to clinical care.

We performed a meta-analysis that took into account
possible population, intervention and outcome sources of
heterogeneity, including differing primary diagnoses, sex,
cognitive-developmental level or age, dose, treatment dura-
tion and the use of co-interventions. In addition, we in-
vestigated the robustness and validity of the effect of
methylphenidate in light of trial quality, study design and
publication bias. All analyses were planned. As ADHD is
not a single diagnostic entity,”*'**"**% the term “attention-
deficit disorder” (ADD) is employed to refer to the entire
range of possible forms of the disorder (e.g., with or with-

out hyperactivity).

Methods

Without restriction on either the publication or language status
of reports, we searched several electronic sources: MEDLINE
(1981-December 1999), EMBASE (1988-November 1999), Psych-
INFO (1981-November 1999), ERIC (1981-September 1999),
CINAHL (1982-September 1999), HEALTHSTAR (1981-
November 1999), Biological Abstracts (1998-September 1999),
Current Contents (1997-November 1999) and Dissertation Ab-
stracts (1990-October 1999). Our searches included a standardized
filter to capture RCT's and focused on the following terms in the ti-
tles, abstracts, and key word lists of all citations: “attention deficit
disorder,” “attention deficit disorder with hyperactivity,” “hyperac-
tivity,” “hyperkinesis,” “hyperkinesia,” “methylphenidate,” “Ri-
talin” and “psychostimulants” (Appendix 1).

The Cochrane Library’s Trials Register (1981-December
1999) and Current Controlled Trials (January—August 1999) were
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also consulted. The former constituted a surrogate manual search.
Reference lists from the RCT's that were included in the meta-
analysis and from pertinent reviews were searched manually, as
were the files of content experts.

Trial selection

We considered a trial eligible for inclusion if it was a placebo-
controlled RCT involving short-acting methylphenidate given to
children aged 18 years or less who had received a primary diagno-
sis of ADD made in a systematic and reproducible way. Grounds
for exclusion included the following: reports published earlier
than 1981, that is, before the likely influence of the newly pub-
lished Diagnostic and Statistical Manual of Mental Disorders (DSM-
II)* criteria that were better differentiated and more stringent
than those used previously to identify ADD in its various forms
(e.g., with or without hyperactivity); n-of-1 studies; trials with
participants who had experienced medical or psychiatric condi-
tions that required a highly specialized school or home environ-
ment, or both (e.g., mental retardation, autism, psychosis); and
studies with participants who were receiving stimulants other than
methylphenidate.

Two assessors independently screened the title, abstract and
key words for each citation to determine whether to retain it. Po-
tentially relevant citations were retrieved and then subjected to a
relevance assessment using our inclusion and exclusion criteria. A
reliability study with 20 randomly selected, potentially relevant
full-text articles achieved 75% agreement. The remaining full-text
documents were then independently assessed, and the reasons for
excluding reports were noted. Disagreements were settled by
forced consensus.

Trial quality assessment

Using 2 measures, one of us (D.M.) assessed for quality all
reports that referred to a trial that was included in the meta-
analysis. One was the validated, 3-item Jadad scale for randomiza-
tion (0-2 points), double-blinding (0-2) and the description of
withdrawals and dropouts (0-1);* the sum of these scores yields a
Jadad total score in which 3 and above is considered high quality.
The other was an index of the concealment of treatment alloca-
tion (i.e., adequate, inadequate or unclear).”

Data abstraction

Two of us (B.P. and S.L.) abstracted the data using a struc-
tured form created a priori to capture report (e.g., language of
publication), trial (e.g., design), population (e.g., primary diagno-
sis) and intervention (e.g. dose) characteristics, as well as behav-
ioural efficacy and adverse event data (e.g., insomnia.) Reports
were not masked."!

It was virtually impossible to extract an estimate of the treat-
ment effect from a proper analysis of variance for crossover trial
data, because of the different ways these trials reported their data.
However, the authors did consistently report the means and stan-
dard deviations for the efficacy measures pertaining to both
methylphenidate and placebo. These were the summary data that
we extracted and used in efficacy analyses. Assumptions that were
verified later in sensitivity analyses were made regarding the ab-
sence of a crossover effect and the independence of cohorts.



We employed 2 strategies exclusively to deal with primary
outcomes. For trials that failed to report variance measures of ef-
fect, these data were imputed from the reported p values of the #-
test of treatment comparisons or the F test of the treatment ef-
fect from the pertinent analysis of variance.” Trial results that
were exclusively expressed graphically were scanned, the coordi-
nates of various data points were extracted, and these data were
summarized.”

Derivation of summary measures

To deal with the possibility of different, albeit similarly scaled
(e.g., continuous data only), instruments referring to a single feature
of ADD, or with slightly different versions of a given scale (e.g., the
hyperactivity index”), we derived the effect size (i.e., standardized
mean difference) for all efficacy outcomes. For trials with multiple
doses or stratification, an average effect size was computed across
the dose levels or strata. For example, a crossover trial with twice-a-
day dosing might have provided summary data on efficacy out-
comes with participants receiving 0.15 mg/kg, 0.50 mg/kg or
0.75 mg/kg of methylphenidate. A random effects model was em-
ployed to combine the summary data across the 3 dose levels into
an average effect size, taking into account both the within-dose and
between-dose variations. The variance of the average effect size was
considered “within” variation (i.e., variance of a treatment effect
estimate from a fixed effects model). The average effect sizes
for these trials were used in evaluating the global picture of
methylphenidate. Where intervention length was expressed as a
range (e.g., 7-10 days), the lower bound was entered into analyses.

Differences in responder numbers between treatment phases
were most likely to be observed in trials with a crossover design.
Thus, the proportions of clinical response (e.g., a difference in
treatment-phase responders expressed as a proportion of the num-
ber of patients in a crossover trial) were combined across trials. The
proportions of patients who experienced side effects (decreased ap-
petite, insomnia, headache, stomach ache, drowsiness, anxiety and
dizziness) that were highlighted often in clinical and empirical
work'®*** were captured for the treatment phases or conditions.

Outcomes

Ratings by parents and teachers of efficacy were used, because
they were well situated to evaluate overt behaviour. Given their
popularity in methylphenidate trials for ADD, the teacher and
parent versions of the hyperactivity index (HI) became the pri-
mary outcomes (HI-T, HI-P) by default. Parent and teacher rat-
ing data were also abstracted for other global, core and related
features of ADD.

We included self-reported indices of side effects to compen-
sate for the possible underestimation of these events by external
observers.” Different definitions provided by trialists of clinical
response to methylphenidate were used in the trials included in
the meta-analysis. We did not attempt to reconcile the various de-
finitions. Given the scarcity of safety data, we used trialists” defini-
tions of “side effect” and “serious side effect” in the present analy-
ses without attempting to reconcile either set of definitions.

A given trial could contribute reported data from any number
of teacher-reported or parent-reported behavioural instruments
respectively. Our goal was to combine data derived from the same
instrument, if possible. Yet, in certain cases, and across studies,
data from different instruments (e.g., 2 versions of the Conners

Short-acting methylphenidate

scales) that indexed the same construct (e.g., hyperactivity) were
synthesized. No single trial that reported data from 2 or more in-
struments that measured the same construct had all of these data
points entered into the meta-analysis. Our choice of which data
to synthesize was made based on the best congruence regarding
construct, and in terms of scaling (e.g., continuous data only),
with the instruments that had provided data in the other studies.
Space limitations preclude our definition of the instruments.

Analysis of efficacy data

All of our analyses directly compared methylphenidate with
placebo according to the intention-to-treat principle and included
data that reflected the last follow-up for participants who were re-
ceiving treatment. Trial effect sizes or average effect sizes for
stratified trials were combined using a random effects model. We
also used this same approach to combine the treatment differ-
ences with respect to the proportions of clinical responders.

Analysis of adverse event data

We employed an approach to multitreatment trials similar to
that of Hasselblad”® whereby the percentage of patients experienc-
ing a side effect or serious side effect was treated as a dependent
variable in a random effects analysis of variance. For each trial, a
covariance matrix was constructed assuming a correlation of 0.5
for the percentages of patients with side effects while they were on
methylphenidate and placebo within a crossover design. Treat-
ment and trial factors were the independent variables in the ran-
dom effects model.

We fitted the model using an approach similar to that of Nor-
mand.” Heterogeneity between trials was assessed by including a
treatment-by-trial interaction. The proportions of patients who
reported a side effect by treatment condition, in addition to treat-
ment differences, were derived from the fitted model, along with
95% confidence intervals. We then used the estimated propor-
tions to derive a relative risk of the side effect. The associated
number needed to harm was derived using the estimated relative
risk and interpreted against the median control group rate. The
number needed to harm refers to the number of individuals re-
ceiving treatment before one of them is observed to be experienc-
ing an adverse event.

Sensitivity analyses

We planned all sensitivity and subgroup analyses with primary
outcomes, yet the exact data organization scheme employed in each
was data driven. Our sensitivity analyses investigated 2 facets of trial
quality (Jadad total score, allocation concealment) as well as study
design (i.e., crossover v. parallel trials). To compensate for the corre-
lation in measurements from different crossover phases of a trial po-
tentially leading to an underestimate of variance, each trial’s variance
was reduced by 20% and the treatment effects incorporating the ad-
justed variances were re-estimated using a random effects model.

Subgroup analyses

Our subgroup analyses assessed the impact of intervention
length (£ 1 week v. 2-4 weeks v. > 4 weeks), co-interventions
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and dose. As there was considerable variability in the dose of
methylphenidate, including within a given day, we employed
dose “potency” (e.g., 0.6 mg/kg twice a day = 0.6 mg/kg 3 times
a day) rather than the total or mean daily dose. Where ex-
pressed in absolute terms, we translated dose into mg-per-kg
values for a sample by way of converting the sample’s mean age
to a mean weight.”” This afforded comparability across studies.*
The following scheme for dose potencies was adopted: low
(= 0.3 mg/kg), medium (0.3 mg/kg < « < 0.75 mg/kg) and high
(=2 0.75 mg/kg).

Analysis by cognitive-developmental stage was prevented by
the state of the reported data in the RCTs. Instead, we developed
an ad hoc scheme based on age that ignored many key develop-
mental epochs (i.e., < 12 v. > 12 years of age). Because few studies
differentiated data by sex, we decided to compare efficacy esti-
mates from those trials that had a homogeneous distribution of
males with those that included some female participants. Finally,
given that diagnostic systems use different criteria for a given di-
agnosis, we chose to perform separate analyses of trial data differ-
entiated by primary diagnosis (and system): for example, ADD
with hyperactivity (ADDH, i.e., DSM-III), ADHD (i.e., DSM-
[II-Revised)”® and an undefined mix of ADD diagnoses from any
system. Given the status of the trial data, we were unable to un-
dertake separate analyses for different combinations of primary
diagnosis and comorbidity.

Publication bias

Our assessment of publication bias®” entailed the visual in-
spection of funnel plots of effect sizes versus their precision. Eg-
ger and colleagues™ graphical test was used to evaluate the de-
gree of asymmetry in the funnel plots. Duval and colleagues™
“trim and fill” method was used to estimate the number of un-
observed trials and derive the treatment effect estimates adjusted
for publication bias.

Results

Of 487 citations entered into broad screening, 224 were
considered potendally relevant; their full reports were re-

Table 1: % of trials (n = 62) organized by primary diagnoses
received by participants

e ADHD: 38.7 (n=24)
e ADDH:33.9 (n=21)
e ADHD + ANXv. ADHD - ANX: 3.2 (n=2)

e ADD + aggression/ oppositionality v. ADD — aggression/
oppositionality v. ADD undefined: 1.6 (n=1)

¢ ADD mixed (ADDH, ADD-H): 9.7 (n = 6)

¢ ADD mixed (combined v. inattentive type): 3.2 (n = 2)

e ADHD undefined: 3.2 (n=2)

e ADD undefined (likely ADDH): 1.6 (n= 1)

e ADD (likely ADDH): 1.6 (n=1)

e “Hyperactive” via ADD core features (likely ADDH): 1.6 (n=1)
e ADD undefined: 1.6 (n=1)

Note: ADHD = attention-deficit hyperactivity disorder, ADDH = attention-deficit disorder,
with hyperactivity, ANX = anxiety disorder, ADD = attention-deficit disorder, ADD-H =
attention-deficit disorder, without hyperactivity.
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trieved, and these were assessed formally for relevance.
Reasons for excluding reports® (z = 145) from this last
phase included nonbehavioural outcome (75), no random-
ization (27), an unsystematic (e.g., a single scale) diagnostic
procedure (17), no placebo control (9), participants re-
ceived an excluding co-diagnosis (7), some participants re-
ceived stimulants other than methylphenidate (5), #-of-1
study (2), follow-up report (2) and not all participants re-
ceived an ADD diagnosis (1).

From the remaining 79 relevant reports, we identified
62 unique trials. All reports were published between Janu-
ary 1981 and December of 1999 and exclusively in English-
language journals. These reports are listed in Appendix 2
(available on the CMAZ Web site at www.cma.ca/cmaj/vol-
165/issue-11/pdf/deficitappendix.pdf). Crossover designs
predominated (83.9%), yet only 13.5% of these evaluated a
carryover effect.

The trials that we reviewed included 2897 participants
(Tables 1-6). Only 11% of studies randomized more than
80 participants; the mean sample size was 46.7 (range
11-234). The median age of all trial participants was
8.7 years (range 2.4-18 years); these data are taken from 52
trials. The median “percent male” composition for the tri-
als included in the meta-analysis was 88.1% (range
0%—-100%); these data are taken from 59 trials.

The number of trials that included participants with a
homogeneous primary diagnosis was 45 (72.6%); they
included the following: ADHD (38.7%) and ADDH

Table 2: % of diagnostic systems employed*

e DSM-IlIt: 45.1 (n = 28)

* DSM-llI-R$: 38.7 (n = 24)

e Test battery with predefined research diagnostic criteria: 9.7
(n=6)

e DSM-IVS: 6.5 (n=4)

*No. of trials = 62.

tDiagnostic and statistical manual of mental disorders (DSM-I11).**

tDiagnostic and statistical manual of mental disorders (DSM-III-R).”
§Diagnostic and statistical manual of mental disorders (DSM-IV).!

Table 3: % of trials (n = 37) in which a comorbid
condition was identified, organized by the 2 most
frequent comorbidities per trial

e EXT:40.6 (n=15)

e EXT,INT: 189 (n=7)
e EXT,LD:5.5(n=2)

e EXT,DD:2.7 (n=1)
e LD, EXT:5.5(n=2)

e TIC, EXT: 5.5 (n=2)
e INT, EXT: 8.1 (n=3)
e TIC:2.7(n=1)

e LD:55(n=2)

e INT:55(n=2)

Note: EXT = externalizing disorder, INT = internalizing disorder, LD =
learning disorder, DD = developmental disorder (other than excluding
diagnoses), TIC = major tic disorder (e.g., Tourette’s syndrome).



(33.9%). The DSM-III-R and DSM-III diagnostic
systems guided 38.7% and 45.1% of trial methodologies
respectively.

In 59.7% of the trials, a comorbid condition was iden-
tified. Of these, externalizing disorders were either the
most (67.7%) or second most frequently diagnosed co-
morbidity (19.1%). In 19 trials, patients received a homo-
geneous primary diagnosis without any comorbidity being
reported or evaluated (i.e., 12 and 7 with ADDH and
ADHD respectively).

Interventions lasted, on average, 3.3 weeks (range 2 days
to 28 weeks). Only 9 RCTs (14.5%) had interventions that
lasted longer than 4 weeks, and more than half of the 62
trials lasted no more than 10 days. One study lasted
12 months, yet only a subset of participants was followed
beyond 4 months.”

The most frequently used dose-related conventions in-
cluded the following: 5-mg, 10-mg, 15-mg versus 20-mg
dose potency contrast (1 = 6 trials), 0.3 mg/kg dose potency
(irrespective of potency contrasts) (7 = 26), and a twice-a-
day dosing schedule (z = 39). Across the 62 RCTs, 38 dif-
ferent types of methylphenidate intervention (i.e., combi-
nations of dose potency contrast by schedule: for example,
0.3 mg/kg twice a day versus 0.6 mg/kg twice a day) were
employed.

A co-intervention (e.g., a summer treatment program,
with behavioural regimens) was provided in 25.8% of the
studies, whereas in 11.3% of the RCTs, participants con-
tinued to receive a pretrial intervention (e.g., a specific spe-
cial education service).

Trial quality

No trial report received a maximum 5-point Jadad total
quality score, 5 (8.1%) studies achieved a score of 4, 38.7%
were judged to have low quality (0-2 points), and the mean
total quality score was 2.6 (low). Only 5 (8.1%) trials re-
ported adequate allocation concealment, with the remain-
ing descriptions deemed “unclear.”

Table 4: Most frequent “clinical pictures” (i.e., combinations
of primary diagnosis and comorbidity)*

e ADDH alone (n=12)

e ADHD alone (n=7)

e ADD or hyperactive (likely ADDH) alone (n = 2)

e ADHD + ODD or (ODD or CD) (n=11), CD (n=2), TIC (n = 3)
or ANX (n=1)

e ADDH + ODD (n=5), LD (n = 3) or aggression (n= 1)

e ADHD +/-ANX (n=2)

e ADD +/- aggression/oppositionality (n= 1)

¢ ADD mixed + no comorbidity (n = 2), ODD (n = 2), ODD or
CD(n=1),INT(n=2)orLD(n=1)

e ADD or ADHD undefined + no comorbidity (n = 2) or
ODD (n=2)

Note: ODD = oppositional—defiant disorder, CD = conduct disorder.
*No. of trials = 62.

Short-acting methylphenidate

Analyses of the primary efficacy outcomes

HI-T data (effect size 0.78, 95% CI 0.64-0.91) and HI-
P data (effect size 0.54, 95% CI 0.40-0.67) exhibited signif-
icant effects in favour of methylphenidate (Figs. 1 and 2).
"This represents a decrease of 6 and 4 points on the respec-
tive HI scales from a mean of 14 in patients who received
placebo within the largest trial of 161 participants.” These
changes are “interpreted” in terms of the largest trial that
provided HI data, because it is reasonable to assume that it

would be the least biased.

Analyses of additional efficacy outcomes: core
features, clinical response and related features data

Teacher-reported results similar to those seen for the
primary outcome were recorded for clinical response
(teacher or staff), global indices, core features and key ex-
ternalizing features (Fig. 1). However, the magnitudes of
effect were variable and tended to be smaller than for the
primary outcome; for both attention and emotional lability,
the effect was not statistically significant.

Methylphenidate exhibited significant, though variable
and weaker, effects on parent-reported clinical response,
global indices, core features and key externalizing features.
Estimates regarding inattention, hyperactivity/impulsivity
and oppositional-defiant behaviour were not statistically
significant.

Minimal evidence of statistical heterogeneity was ob-
served. Only 4 of 16 teacher outcome analyses (Fig. 1) and
3 of 13 parent outcome analyses (Fig. 2) respectively were
associated with significant levels of statistical heterogeneity.
Insufficient comparability in tic-related outcomes pre-
cluded the analysis of teacher and parent data.

Sensitivity analyses

We are contrasting the results reported by teachers and
those reported by parents (Figs. 3 and 4). Even though the

Table 5: Most frequently used dose-related conventions:
(A) dose potency contrasts, (B) single potency, (C) dose
schedule*t
(A)5,10, 15,20 mg (n = 6), 0.3, 0.6 mg/kg (n=5),

0.3 mg/kg (n=5), 0.3, 0.5 mg/kg (n=4)
(B) 0.3 mg/kg (n=26), 10 mg (n = 17), 0.5 mg/kg (n=11)
(C) Twice a day (n = 39), once a day (n=13)

*38 different combinations of dose potency contrast and schedule.
tNo. of trials = 62.

Table 6: % of trials with a co-intervention and % of trials
with participants continuing with a pre-existing intervention

e 25.8 (16/62): with a summer treatment program (50%, 8/16)
e 11.3 (7/62): with various special education services (57.1%,
4/7) or nonstimulant drug therapies (42.9%, 3/7)
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changes in methylphenidate effect were more pronounced
for teacher-reported data, trial quality and efficacy were in-
versely related for both informants. The initial HI-T and
HI-P estimates of effect decreased by 9.0% and 5.6% for
high-quality trials respectively, yet increased by 26.9% and
24.1% for low-quality studies. Reports with adequate allo-
cation concealment increased the methylphenidate effect
by 39.7% and 13% for teacher and parent data respectively.
All effects remained statistically significant.

Our analyses of study design revealed that only the 2
methylphenidate effects for crossover trials were statisti-
cally significant (Figs. 3 and 4). When we reanalyzed both
teacher and parent data following the variance adjustment
for crossover designs, the estimates remained virtually un-
changed. Only the adjusted HI-T estimate displayed evi-
dence for statistical heterogeneity.

Subgroup analyses

Changes tended to be more pronounced for teacher
data, and most remained statistically significant (Figs. 3 and
4). The original HI-T estimates increased for both age cat-
egories, and the HI-P estimates increased only for older
participants. For both informant sources, trials exclusively
including males exhibited a stronger methylphenidate ef-
fect than those in which both sexes were represented. Only
the HI-P effect for mixed-sex trials did not increase its ini-
tial methylphenidate estimate.

For all categories of primary diagnosis, and for both
informants, we observed statistically significant
methylphenidate effects. Both the HI-T and HI-P esti-
mates for ADHD diagnosis studies decreased their initial
methylphenidate effect estimates. The strongest teacher

No. of trials/ Lo E?;/é):k;g T ngﬁurs —
Outcome No. of participants | | | |
Hyperactivity Index (ACTRS) 22/963 —o—
Clinical response (proportion) * 22 /996 -
Global indices 5/313 ——
CTRS revised 2/89 —
SSQ pervasiveness 4/295 ——
SSQ severity 4/295 —o—
Core features
Hyperactivity t 12/617 —
Hyperactivity/impulsivity 2/157 —
Attention ¥ 6/237 —
Inattention 5/328 ——
Inattention/overactivity 10/490 ——
Self-control 2/73
Key externalizing features
Aggression 2/181 . —
Oppositional/defiant 13/553 ——
Conduct problems 3/237 ——
Key internalizing feature
Emotional lability 2/45 I s —
T T T 1
-1.0 0.5 0.0 0.5 1.0
Effect size

Fig. 1: Effect sizes for the hyperactivity index: teacher ratings (95% confidence interval [CI]). MPH =
methylphenidate, ACTRS = Abbreviated Conners Teacher Rating Scale, CTRS = Conners Teacher Rat-
ing Scale, SSQ = School Situations Questionnaire. p values for statistical heterogeneity: *p < 0.001,

tp = 0.03, +p = 0.02, §p = 0.03.
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and parent effects were seen for ADDH and mixed diagno-
sis trials respectively.

For teacher data, methylphenidate effect magnitude and
dose potency appeared to be positively related (Fig. 3), sug-
gesting a possible trend.

Each of the HI-T and HI-P methylphenidate effect
sizes was positively related to intervention length for inter-
ventions lasting no more than 4 weeks. In both cases, the 1-
week and 2—4-week duration were decreased and increased
from their initial estimates respectively. The trials that
lasted more than 4 weeks entailed parallel designs.

The teacher-reported methylphenidate effects for trials
with and without a co-intervention decreased and slightly
increased the original methylphenidate effect respectively.
Trials without a co-intervention maintained the original
HI-P estimate.

Short-acting methylphenidate

Two instances of HI-T-related statistical heterogeneity
were observed in analyses involving dose potency. No
HI-P subgroup analyses were associated with evidence for
statistical heterogeneity (Figs. 3 and 4).

Publication bias

The rank correlation test revealed significant inverse re-
lations for HI-T ( = -0.45, p = 0.004) and HI-P (» = -0.36,
p = 0.04). The graphical test confirmed substantial funnel
plot asymmetry (Fig. 5) for HI-T (asymmetry 1.07, p <
0.001) and HI-P (asymmetry 0.72, p < 0.001). Regarding
teacher data, it was estimated that 8 trials (95% CI lower
bound 5) showing a lesser or nonsignificant methylphenidate
effect might have been suppressed (Fig. 5A). The adjust-
ment decreased the initial teacher estimate by 21% (to 0.62,

No. of trials/ < giivfelﬂé rfxe\‘l\ﬂﬂurs —
Outcome No. of participants | | | | |
Hyperactivity Index (ACPRS) 18/847 o
Clinical response (proportion) * 6/248 o
Global indices 9/458 o
CPRS revised 5/295
HSQ pervasiveness 5/355 o
HSQ severity 5/355 o
Core features
Hyperactivity 4/175
Hyperactivity/impulsivity 5/359
Inattention * 4/363
Inattention/overactivity 5/307
Key externalizing features
Aggression 3/152
Oppositional/defiant 4/200
Conduct problems 4/225 o
[ T T I T 1
-04 -0.2 0.0 0.2 0.4 0.6 0.8
Effect size

Fig. 2: Effect sizes for the hyperactivity index: parent ratings (95% Cl). ACPRS = Abbreviated Con-
ners Parent Rating Scale, CPRS = Conners Parent Rating Scale, HSQ = Home Situations Question-
naire. p values for statistical heterogeneity: *p < 0.001, tp = 0.001, £p = 0.008.
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Fig. 3). For HI-P data, evidence of publication bias lead to a
3.7% decrease in the original estimate (to 0.52, Fig. 4). It
was estimated that one trial (95% CI lower bound 0) that
showed a lesser or nonsignificant methylphenidate effect
might have been suppressed (Fig. 5B).

Analyses of adverse events

We observed that almost all the differences between
methylphenidate and placebo were in favour of a higher
percentage of adverse events while participants were taking
methylphenidate (Table 7). The largest statistically signifi-
cant divergences were exclusively in favour of
methylphenidate and entailed parent/self ratings: all related

decreased appetite (30.3%, 95% CI 18.0-42.6), insomnia
(17.0%, 95% CI 8.3-25.8) or stomach ache events (9.0%,
95% CI 1.2-16.9) and serious decreased appetite events
(8.7%, 95% CI 3.6-13.9). Teacher/staff ratings for serious
decreased appetite events (6.1%, 95% CI 0.2-12.0) also
showed a statistically significant difference in favour of
methylphenidate. Children were more likely to experience
anxiety (reported by parent/self) and headache (reported by
teacher/staff) events while on placebo,™* although neither of
these results achieved statistical significance.

Opverall, the number-needed-to-harm data for “all re-
lated” adverse events exhibited a wide variation (Table 7):
for example, 4 (decreased appetite) to 22 (headache) for
parent/self data compared with 40 (decreased appetite) to

No. of trials/ — m&urs —
Outcome No. of participants | | | |
Hyperactivity Index (all studies) 22/963
Subgroup analyses —o—
Dose
Low 18/743
Medium* 14/617 —o—
High * 5/307 - o
Age
<12yr 9/335
>12 yr 2/59 - —
Sex
All males 4/89
Males and females 18/874
Primary diagnosis ——
ADHD 6/347
ADDH 6/140 ——
Mixed ADD diagnoses 6/281 ———
Length of intervention -
1 wk 12/569
2-4 wk 8/313 ——
> 4 wk 2 /81 R
Co-intervention
Yes 4/108
No 18/ 855 _
Sensitivity analyses —o—
Adjusted for publication bias 22/963
Quality — o
Low (< 2) 71225
High (> 2) 15/738 ——
Adequate allocation concealment 3/129 ——
Research design Y~ —
Parallel 2/81
Crossover 20/ 882
Crossover (adjusted) ¥ § 20/ 882 —o—
_e_
I I I ]
0.0 0.5 1.0 1.5 2.0
Effect size

Fig. 3: Sensitivity and subgroup analyses of the hyperactivity index: teacher ratings (95% CI). ADHD
= attention-deficit hyperactivity disorder (DSM-III-Revised),’®* ADDH = attention-deficit disorder
with hyperactivity (DSM-III).* p values for statistical heterogeneity: *p = 0.006, tp < 0.001, p =
0.04. §Variance from each trial reduced by 20% to compensate for correlation in crossover phases

potentially leading to an underestimate of variance.
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367 (drowsiness) for teacher/staff data. For serious adverse
events, a narrower range characterized the parent/self-
related number-needed-to-harm estimates (i.e., 14 [de-
creased appetite] to 26 [insomnial); and, only one
teacher/staff-indexed number needed to harm (i.e., de-
creased appetite) could be derived.

Prominent number-needed-to-harm results were derived
exclusively from parent/self ratings of 5 specific adverse
events (Table 7). Only 4 and 7 study participants receiving
methylphenidate, respectively, were required for a de-
creased appetite and insomnia-related event to be identified.
Three other important number-needed-to-harm values
were observed: all stomach ache events (number needed to
harm = 9), all drowsiness events (number needed to harm =
10) and all dizziness events (number needed to harm = 11).

We found no evidence of statistical heterogeneity asso-

Short-acting methylphenidate

ciated with any of the methylphenidate effects or promi-
nent number-needed-to-harm values.

Interpretation

We have shown that short-acting methylphenidate
quickly and efficaciously reduces most of the clinical mani-
festations of ADD in children aged 18 years and less.
Teacher and parent hyperactivity index scores were re-
duced by 6 (i.e., 42.9%) and 4 points (i.e., 28.6%) respec-
tively. However, we cannot interpret these primary out-
come results meaningfully, because the normative data for
this measure are age-dependent and sex-dependent,”
whereas the study used to “interpret” them included an un-
differentiated mix of participants varying on these bases.”

Although these results are impressive, we are uncertain

Favours Favours
No. of trials/ piacebo T MPH [
Outcome No. of participants [ | | |
Hyperactivity Index (all studies) 18 /847 ; —o—
Subgroup analyses
Dose
Low 13/597 —=
Medium 12/533 —o—
High 2/155
Age
<12yr 7 /281 —
>12 yr 2/59 ——
Sex
All males 4/77
Males and females 14 /770 ——
Primary diagnosis
ADHD 4/280 ——
ADDH 5/164 I —
Mixed ADD diagnoses 6/287 ——
Length of intervention
1 wk 8/414 ——
2-4 wk 7/294 -
>4 wk 3/139 S
Co-intervention
No 17 /814 ——
Sensitivity analyses
Adjusted for publication bias 18 /847 ——
Quality
Low (£2) 4/144 B —
High (>2) 14/703 —o—
Adequate allocation concealment 3/109 —
Research design
Parallel 2/81 S
Crossover 16 /766 —6—
Crossover (adjusted)y 16 /766 ; ——
| i T |
-0.5 0.0 0.5 1.0
Effect size

Fig. 4: Sensitivity and subgroup analyses of the hyperactivity index: parent ratings (95% Cl). *Vari-
ance from each trial reduced by 20% to compensate for correlation in crossover phases potentially

leading to an underestimate of variance.
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about whether they are robust or completely valid. For ex-
ample, collectively these trials were characterized by low
quality defined 2 ways; and low Jadad-defined quality in-
flated our hyperactivity index estimates.” We also detected
a substantial amount of publication bias that, when used to
adjust the estimates of efficacy, decreased the teacher-
defined hyperactivity index estimate by 21%. Other statisti-
cally significant estimates for teacher-rated core features
might similarly decrease if investigated likewise. The indi-
cation of publication bias suggests that studies showing no
effect, or involving children on methylphenidate who fared
less well than those receiving placebo, may not have been
published. We emphasize the teacher data, because these
informants were probably best placed to observe the impact
of the most frequently employed dosing regimens (i.e., 52
of 62 trials used once-a-day or twice-a-day dosing).

We also observed that the core feature and global index
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Fig. 5: (A) Funnel plot of methylphenidate effect size for the
hyperactivity index (T) versus its precision. The trials’ symbols
are proportional to sample size (median 32, range 11-161).
(B) Funnel plot of methylphenidate effect size for the hyperac-
tivity index (P) versus its precision. The trials’ symbols are
proportional to sample size (median 37, range 11-161).
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results rarely exhibited the same magnitude as the hyperac-
tivity index—defined effects, if any effect at all (e.g., teacher-
related attention, parent-rated inattention and hyperactiv-
ity/impulsivity). This supports the view of the
inconsistency in definition, or “outcome dependence,” of
the effect of short-term methylphenidate.'?

Moreover, we were unable to demonstrate that the
methylphenidate effect is maintained beyond 4 weeks. Few
trials (14.5%) included treatments of this duration; per-
haps due to the dearth of trials and participants, both hy-
peractivity index—defined methylphenidate effects for
these longer-term, exclusively parallel design trials (maxi-
mum 28 weeks) failed to achieve statistical significance.
The paucity of long-term trials*'***?** is problematic, be-
cause children routinely receive methylphenidate in clini-
cal contexts for much longer than was observed in the pre-
sent collection of small trials.”” The recently completed
MTA trial,®® though lacking a placebo group, may address
some of the concerns identified in this meta-analysis re-
garding long-term treatment. It was methodologically
sound and had sufficient power to detect the superiority of
medical management (with 73.4% of participants main-
tained on methylphenidate at study end) over a relatively
long-term period (i.e., 14 months) in a comprehensively
assessed patient population.

We also found that whereas adverse event data were un-
derreported by trialists,” " both parent/self and teacher/staff
data revealed that serious episodes of decreased appetite
were statistically significantly more common when children
were on methylphenidate rather than placebo (Table 7).
Significant differences in favour of methylphenidate also
characterized other parent/self-observed adverse events (i.e.,
all related instances of decreased appetite, insomnia, stom-
ach ache, headache, dizziness, and serious headache and
stomach ache events). Although requiring cautious interpre-
tation,” notable parent/self-derived number-needed-to-
harm data highlighted difficulties with decreased appetite
and insomnia and, to a lesser extent, stomach ache, drowsi-
ness and dizziness. Although methylphenidate-related ad-
verse events can be dose-dependent and can diminish over
time,"s?'*? the dearth of data precluded the evaluation of the
impact of either of these factors on the safety profile. Fi-
nally, as with efficacy data, we do not know whether this
short-term safety profile’! persists in the long term. The
longer-term MTA trial results highlighted similar safety is-
sues, in that 64.1% and 14.3% of children who received a
stimulant exhibited side effects of any severity or of a mod-
erate-to-severe kind respectively.”

Opverall, the present results confirm the findings from
other meta-analyses of a short-term “methylphenidate ef-
fect.”**# However, in light of the observed publication
bias, the influence of trial quality on efficacy estimates and
the outcome dependence of the methylphenidate effect,
our results cannot be used to confirm suggestions in previ-
ous meta-analyses that we know the exacr extent to which, or
in exactly which terms, short-acting methylphenidate is effi-



cacious in the short-term. This second finding may or may
not be surprising given that, unlike other attempts, our
question was very specific (i.e., methylphenidate v.
placebo), our inclusion criteria did not limit the number or
types of relevant behavioural outcome and, in evaluating ef-
ficacy data, we explored issues of clinical heterogeneity, ro-
bustness and validity (e.g., publication bias, trial quality).**
Our safety-related findings cannot be compared with those
of other meta-analyses, because the latter invariably did not
investigate these data systematically.***#

Short-acting methylphenidate

Limitations of our work include debatable decisions to
use age as a surrogate for cognitive-developmental level
and to derive a dose potency typology. Certain results,
however meaningful (e.g., positive relation between dose
magnitude and efficacy), are likely to be uninterpretable. In
addition, the innovations that dealt with crossover trials
probably require further validation despite the negligible
change in estimates yielded by reanalysis. Although in-
stances of statistical heterogeneity were unexpectedly rare,’
this finding may have resulted from underpowered statisti-

Table 7: Adverse events experienced by participants recei

ving methylphenidate or placebo

NNH
(median
No. of placebo
Adverse trials/ no. MPH, % Placebo, % event
event Assessors of pts (95% Cl) (95% Cl) Difference (95% ClI) rate, %) p value*
Decreased appetite
All related Parent/
events Self 10/675 44.8 (36.8-52.7) 14.4 (5.1-23.8) 30.3 (18.0-42.6) 4(11.3) 0.11
Teacher/
staff 3/129 46.0 (38.7-53.3) 43.6 (35.3-51.9) 2.4 (-5.5t010.3) 40 (45.5) 0.34
Serious side  Parent/
effects self 5/222 10.5 (7.0-14.0) 1.8 (0.0-5.6) 8.7 (3.6-13.9) 14 (1.5) 0.27
Teacher/
staff 3/129 26.4 (21.5-31.3) 20.3 (14.6-26.1) 6.1 (0.2-12.0) 175 (1.9) 0.66
Insomnia
All related Parent/
events self 9/663 47.7 (42.1-53.3) 30.7 (23.9-37.5) 17.0 (8.3-25.8) 7 (27.1) 0.10
Serious side  Parent/
effects self 5/222 10.9 (7.5-14.3) 7.1 (3.0-11.3) 3.8 (-1.1t08.7) 26 (7.3) 0.03
Headache
All related Parent/
events self 8/581 18.4 (15.3-21.5) 12.5 (8.9-16.0) 5.9 (1.4-10.4) 22 (9.5) 0.55
Teacher/
staff 4/146 8.0 (2.4-13.6) 12.1 (5.9-18.3) —4.1(-11.3t03.2) -21(13.8) 0.54
Serious side  Parent/
effects self 4/174 6.9 (4.8-9.0) 1.6 (0.0-4.3) 5.3(1.9-8.7) 18 (1.7) 0.33
Stomach ache
All related Parent/
events self 7/290 24.0 (19.0-28.9) 14.9 (8.7-21.1) 9.0 (1.2-16.9) 9(18.3) 0.44
Serious side  Parent/
effects self 4/201 5.2 (3.4-7.0) 1.2 (0.0-3.6) 4.0 (1.0-6.9) 18 (1.7) 0.78
Drowsiness
All related Parent/
events self 4/201 24.3 (16.6-32.0) 14.5 (4.5-24.6) 9.8 (-2.81022.3) 10 (14.3) 0.62
Teacher/
staff 3/121 12.6 (7.1-18.1) 12.2 (6.6-17.7) 0.5 (-4.7t05.6) 367 (8.3) 0.70
Anxiety
All related Parent/
events self 7/482 31.1(24.8-37.5) 38.4(29.9-46.8) -7.2(-17.8t03.3) -9 (56) 0.43
Dizziness
All related Parent/
events self 4/383 7.3 (5.5-9.1) 2.2 (0.0-4.6) 5.1 (2.2-8.1) 11 (4.0) 0.31

Note: pts = trial participants, MPH = methylphenidate, NNH = number needed to harm.

*Heteogeneity test.
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cal tests. Finally, the outcome dependence of the short-
term methylphenidate effect raises questions about the ex-
act nature of the hyperactivity index measure.

It is actually an index of disruptive—externalizing (i.e.,
hyperactive and antisocial) behaviour,* which is neither
necessary nor sufficient to diagnose ADD. The significant
hyperactivity index—defined effects were, therefore, ex-
pressed in terms of features comorbid to ADD, making it
an inappropriate primary outcome in ADD research.
Nevertheless, these effects are not surprising given that
most of the children in the trials that we analyzed were
school-aged males, many of whom had received a diagno-
sis of ADD with disruptive—externalizing co-features. As a
result, whereas 30%-80% of ADD-diagnosed children
may also exhibit externalizing disorders,”” ADD diag-
noses that typically exclude these co-features, such as the
inattentive type listed in the Diagnostic and Statistical Man-
ual of Disorders (DSM-IV), which may be a more likely di-
agnosis for females,"'**"2'7 were poorly represented
here. This perspective may explain why having some fe-
male participants in trials yielded smaller hyperactivity
index—defined effect sizes. Our findings are, therefore, not
readily generalizable to forms of ADD that exclude dis-
ruptive—externalizing co-features, and probably not at all
to females.

The clinical implications of the present findings pri-
marily centre on the need to have practitioners recognize
that the benefits and risks associated with
methylphenidate therapy should be carefully reviewed
prior to the start of, and monitored vigilantly during,
treatment. In addition, clinicians and policy-makers alike
must consider that the received view regarding the short-
term, placebo-controlled efficacy and safety of
methylphenidate for ADD has likely been based on some
cross-section of RCT or non-RCT evidence, unsystem-
atic narrative syntheses or flawed meta-analyses, or some
combination of these,*'*******4! that largely describe males
with a restricted definition of ADD. Thus, broad general-
izations concerning the usefulness of methylphenidate
should probably be avoided.

The research implications suggest the need to under-
take a large, long-term trial lasting longer than 14
months to redress the notable methodological and clini-
cal shortcomings of previous efforts (e.g., confounding of
dose and dose order, poor washouts) in determining ex-
actly to what extent, in which terms, and for whom (e.g.,
with all ADD subtypes and females represented), specific
courses of short-acting methylphenidate work effica-
ciously and safely in the short term and the long term.
Whatever its design (e.g., placebo-controlled [parallel or
crossover”] RCT or prospective cohort study), this study
will require juggling of both methodological (e.g., con-
trol of bias) and ethical considerations (e.g., withholding
methylphenidate in a placebo-controlled RCT, which
may strongly affect compliance), while also resolving the
problem of “diagnosis opacity” whereby a single diagnos-
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tic label within a given DSM version refers to different
combinations of clinical signs or symptoms (e.g., “select
> 6 of these 9 ...7).

To conclude, we found that short-acting
methylphenidate was an effective short-term treatment
option for children diagnosed with ADD. Yet, this finding
may not be robust or completely valid. We also observed
that this treatment exhibits a short-term safety profile that
requires further investigation. Finally, there is a lack of
long-term randomized trial evidence. Collectively, these
observations likely reflect a less-than-an-ideal state of af-
fairs given the long history of extensive, and ever increas-
ing, use of methylphenidate for ADD particularly in
North America for groups that now include preschoolers
and adults.”7*7”
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Appendix 1: MEDLINE search strategy W
1. (attention adj2 deficit adj3 disorder$).tw.
2. hyperactiv$.tw.
3. hyperkine$.tw.
4. psycho?stimul$.tw.
5. (methylphenidate OR ritalin).tw.
6. exp attention deficit disorder with hyperactivity/
7. exp methylphenidate/
8. exp hyperkinesis/ featurin g
9. OR/1-3,6,8
11. randomized controlled trial.pt. MD Consult
12. clinical trial.pt. Electronic books and journals
13. controlled clinical trial.pt.
14. crossover$.tw. Ovid Medline
15. cross-over§.tw. Fast, precise searching
16. ((singl$ or doubl$ or tripl$ or trebl$) adj3 (blind$ or mask
$))-tw. Medical Librarian Online
17. randomiZed.tw. Support when you need it
18. (random$ ad;j3 (select$ or assign$ or allocat$ or
sampl$)).tw.
19. “PLACEBO$”.mp.
o www.cma.calosler
20. exp clinical trials/
21. exp case-control studies/ 1 (800) 457-4205
22. exp cohort studies/
23. OR/11-20
24. OR/21-22
25. 23 NOT 24
26. 9 AND 10 AND 25
27. limit 26 to year = 1981-1999 A benefit of CMA membership
28. limit 27 to (adult < 19 to 44 years > or middle age < 45 to
64 years > or “aged < 65 and over >” or “aged, 80 and CANADIAN
over”) ? MEDICAL
29. limit 27 to (infant < 1 to 23 months > or preschool child < ASSOCIATION
2-5 years > or child < 6 to 12 years >)
30. 28 NOT 29
31. 27 NOT 30
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