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Abstract

Objective—The Food and Drug Administration currently requires the package inserts of most

psychostimulant medications to list the presence of a tic disorder as a contraindication to their use.

Approximately half of children with Tourette’s syndrome experience comorbid attention-deficit/

hyperactivity disorder (ADHD). We sought to determine the relative efficacy of different

medications in treating ADHD and tic symptoms in children with both Tourette’s syndrome and

ADHD.

Method—We conducted a PubMed search to identify all double-blind, randomized, placebo-

controlled trials examining the efficacy of medications in the treatment of ADHD in the children

with comorbid tics. We used a random effects meta-analysis with standardized mean difference as

our primary outcome to estimate the effect size of pharmaceutical agents in the treatment of

ADHD symptoms and tics.

Results—Our meta-analysis included nine studies involving 477 subjects. We assessed the

efficacy of six medications—dextroamphetamine, methylphenidate, alpha-2 agonists (clonidine

and guanfacine), desipramine, atomoxetine, and deprenyl. Methylphenidate, alpha-2 agonists,

desipramine, and atomoxetine demonstrated efficacy in improving ADHD symptoms in children

with comorbid tics. Alpha-2 agonists and atomoxetine significantly improved comorbid tic

symptoms. Although there was evidence that supratherapeutic doses of dextroamphetamine

worsens tics, there was no evidence that methylphenidate worsened tic severity in the short term.

Conclusions—Methylphenidate seems to offer the greatest and most immediate improvement of

ADHD symptoms and does not seem to worsen tic symptoms. Alpha-2 agonists offer the best

combined improvement in both tic and ADHD symptoms. Atomoxetine and desipramine offer

additional evidence-based treatments of ADHD in children with comorbid tics. Supratherapeutic

doses of dextroamphetamine should be avoided.
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The Food and Drug Administration (FDA) currently requires the package inserts of most

psychostimulant medications to list the presence of a tic disorder or a family history of

Tourette’s syndrome as a contraindication to their use.1 At least half of the children with
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Tourette’s syndrome experience comorbid attention-deficit/hyperactivity disorder

(ADHD).2,3 When ADHD is present in children with tics, the ADHD typically causes

greater impairment in academic performance and social relationships than the tics

themselves.4,5

Psychostimulant medications are currently the first line of treatment for children with

ADHD.6 Psychostimulants have demonstrated superior short-term efficacy to both

nonpsychostimulant medications and psychosocial treatment for ADHD in head-to-head

clinical trials and in meta-analyses.7–10 In fact, roughly 70% of children with ADHD

respond to a single stimulant when tried.11

The use of psychostimulants in the treatment of ADHD in children with comorbid tics

remains controversial. In 1983, manufacturers of psychostimulants began listing the

presence of tic disorders or a family history of Tourette’s syndrome as a contraindication to

their use. This warning was issued based on a large collection of case reports and case series

published beginning in 1963.12,13 These case reports associated the emergence of de novo

tics and exacerbation of existing tic symptoms with methylphenidate, dextroamphetamine,

and pemoline. A particularly influential case series of 15 children, who developed tics while

taking psychostimulants, helped lead the FDA to require listing contraindications to

psychostimulant medications.14

Biological plausibility further lends support to the possibility that psychostimulants can

cause or exacerbate tics.15 Psychostimulants act by increasing dopamine concentration at the

synaptic cleft. It has been hypothesized that the pathogenesis of tics is associated with

increased dopamine activity in the basal ganglia.16 Antipsychotics, the most effective

pharmacological agent used in the treatment of tics, act as dopamine antagonists.17,18

On the other hand, several lines of evidence suggest that the association between

psychostimulants and tics may be a result of confounding. Approximately 20% of children

with ADHD develop a chronic tic disorder.18 When tics and ADHD co-occur, symptoms of

ADHD typically precede the onset of tic symptoms by 2 to 3 years; thus, a proportion of

children diagnosed initially with ADHD may have undiagnosed tic symptoms.18 Based on

these data, one would expect a substantial proportion of children diagnosed with ADHD to

develop tics regardless of treatment. This observation limits the ability of case reports or

observational data to establish a causal association between psychostimulant use and tics.

The warnings and scientific debate surrounding the potential of psychostimulants to

exacerbate tics creates clinical uncertainty for practitioners treating ADHD in children with

comorbid tics. Several nonpsychostimulant medications for ADHD, such as atomoxetine, α2

adrenergic agonists (including guanfacine and clonidine), and tricyclic antidepressants (such

as desipramine), have been studied in children with ADHD and tics over recent years. The

goals of this meta-analysis are to examine double-blind, randomized, placebo-controlled

studies of children with ADHD and comorbid tics to determine whether psychostimulants

(methylphenidate and amphetamine derivatives) exacerbate tic symptoms and to determine

the relative efficacy of different ADHD medications (methylphenidate-derived stimulants,

amphetamine-derived stimulants, and alpha-2 agonists and tricyclic antidepressants) in the

treatment of ADHD and tics in children with both conditions.

METHOD

Search Strategy for Identification of Studies

Two reviewers searched PubMed for relevant studies using the search “attention-deficit

disorder with hyperactivity (MeSH) or ADHD or ADDH or hyperactive* or hyperkin* or
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“attentiondeficit*” or ‘brain dysfunction”’ and “tic disorders (MeSH) or Tourette* or tic.”

The search was further limited to randomized clinical trials and meta-analyses. The

references of included articles, as well as review articles and meta-analyses in this area,

were searched for citations of further relevant published and unpublished research.

Selection of Studies

The titles and abstracts of studies obtained by this search strategy were scrutinized by two

reviewers to determine if they were potentially eligible for inclusion in this review.

Eligibility for the study was based on scrutiny of the full articles for the following inclusion

criteria: they were randomized, double-blind, placebo-controlled, clinical trials comparing a

medication with placebo; and participants included were children and adolescents younger

than 18 years diagnosed with ADHD or hyperkinetic disorder and a tic disorder by explicit

criteria (i.e., DSM or International Statistical Classification of Diseases, 10th Revision,

criteria). Studies were excluded if the primary study population did not include patients with

both ADHD and tic disorders and the medication of interest was given for less than 1 week.

Outcome Measures

Our primary outcome measures were mean change in rating scales examining tic and ADHD

severity. Acceptable clinical scales for rating of tic severity (in order of preference) were the

Yale Global Tic Severity Scale total tic score or global score, Shapiro Tourette Syndrome

Severity Scale, Hopkins Motor/Vocal Tic Scale, Global Tic Severity Scale or tic counts

based on standardized video recordings.19–22 Acceptable clinical scales for rating of ADHD

severity (in order of preference) were the ADHD Rating Scale, Conner’s Abbreviated

Questionnaire for Teachers or Parents, Inattention/Overactivity With Aggression Conner’s

Teacher’s Rating Scale, or other validated rating scales for ADHD.23–27 As a secondary

outcome, we examined the relative efficacy of medications on the inattention and

hyperactivity/impulsivity symptoms of ADHD separately. Results for all analyses were

stratified by type of medication used. Medication categories were divided into

methylphenidate derivatives, amphetamine derivatives, atomoxetine, alpha-2 agonists,

tricyclic antidepressants, and deprenyl. We also qualitatively examined side effects reported

in each of these trials.

Choice of Summary Statistic

For our primary outcomes, mean improvement in tic and ADHD severity was measured as

standardized mean difference and was pooled for overall meta-analysis. Standardized mean

difference was favored over weighted mean difference as the primary outcome because

rating scales differed between the included studies.

Meta-analytic Procedure

For the inclusion of crossover trials along with traditional parallel group trials in our meta-

analysis, two different methods were used. These methods were derived from the standard

accepted methodology for incorporating crossover trials into meta-analyses in scientific

literature.28,29 When individual subject data were available for baseline and each crossover

period, we used the available data to compute the actual measurements of treatment effect

needed for this study—mean difference and SD. If individual subject data were not available

from the original manuscript, then the reported subject number, mean difference in

treatments, and p value or T statistic was used to retrieve the SD of paired observations.

There was no evidence of carryover effects in crossover trials. For further information on

how this information was computed, please refer to our previous article.30 Crossover and

parallel group studies were then incorporated into a single meta-analysis using the generic
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inverse variation method of RevMan 4.2.8.31 A random effects model was chosen for the

meta-analysis because there was considerable heterogeneity between the studies.

Assessment of Publication Bias

Relevant from all the included trials were entered into a funnel plot (trial effect size [ES]

plotted against sample size) to detect any publication bias.32

Assessment of Heterogeneity

Heterogeneity of treatment response was assessed from the forest plot of weighted mean

differences and relative risk for individual studies. Statistical estimates of heterogeneity

were performed using the I2 heterogeneity statistic in RevMan.31 Because the I2 test has low

power to detect heterogeneity in meta-analysis when there are few trials with small sample

size, the threshold for statistical significance was set at p < .1. This threshold for

significance using the I2 test is conventional in meta-analysis.31 When heterogeneity was

present between trials, difference in duration of trial length, dosage, and formulation of

medication was examined.

RESULTS

Included Studies

We included nine studies involving 477 subjects (177 in crossover studies) in our

analysis.33–41 Four studies, involving 191 subjects (122 in crossover studies), compared

methylphenidate-derivatives with placebo.33–35,38 Three studies, involving 134 subjects (34

in crossover studies), compared α-agonist medications with placebo. 36,38,39 Two studies,

involving 75 subjects (34 in crossover studies), compared desipramine with placebo. 39,40

One study, involving 148 subjects, compared atomoxetine with placebo and a crossover

study of 15 children compared deprenyl with placebo.37 Table 1 depicts the characteristics

of included studies in this meta-analysis. In some cases, studies did not contribute data to all

outcomes. These instances are indicated in the text. Authors were contacted for additional

data, but in each case, too much time had elapsed between the original studies and the data

request (in some cases as long as 15 years) for authors to be able to supply meaningful data

on the cohorts.

Two articles were excluded from use because they contained redundant data with other trials

included in the meta-analysis.42,43 We found one additional study evaluating the efficacy of

lofexidine (an alpha-2 agonist) compared with placebo that we also excluded from all

analyses.44 This article was retracted from publication because of plagiarism of a previous

article in this area, and an investigation by the journal raised suspicion about the legitimacy

of the study.45

Methylphenidate Derivatives

Methylphenidate demonstrated superior efficacy when compared with placebo in the

treatment of ADHD in children with comorbid tics (ES = 0.73; 95% confidence interval [CI]

0.53–0.94; z = 7.1, p < .001). Additionally, methylphenidate was effective in treating both

the inattention (ES = 0.41; 95% CI 0.21–0.62; z = 3.9, p = < .001) and hyperactivity/

impulsive symptoms (ES = 0.82; 95% CI 0.43–1.21; z = 4.2, p = < .001) of ADHD.

Methylphenidate also improved tic symptoms at trend levels (ES = 0.28; 95% CI −0.03 to

0.58; z = 1.8, p = .07). There was a high degree of heterogeneity in the trials examining the

effects of methylphenidate on tics (I2 = 57%, p = .07). The Tourette Syndrome Study Group

Study, which was of significantly longer duration than the other three studies, showed a

greater ES.33–35,38 Although there were differences in the dosing of methylphenidate (1.2
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mg/kg b.i.d. compared with 0.5 mg/kg b.i.d.), these differences did not seem to influence tic

severity. Figures 1A, B depict the forest plots of the effects of methylphenidate on ADHD

and tic severity. Adverse events with methylphenidate treatment were not well described in

any of these four studies.

Amphetamine Derivatives

One crossover study involving 12 boys with ADHD and Tourette’s syndrome examined

changes in tic severity with dexamphetamine treatment of ADHD.33 This study used an

escalating dose of dexamphetamine from 7.5 to 22.5 mg per dose b.i.d. The highest dose of

dexamphetamine, 1.28 mg/kg per day, is above the suggested dose range of this agent. Tic

severity was significantly increased with dexamphetamine treatment (ES = −0.59; 95% CI

−1.06 to −0.13; z = 2.5, p = .01). When lower doses of dexamphetamine (0.82 mg/kg per

day) were used instead, six of these same subjects showed no significant change in tic

severity with treatment, and the majority of the subjects experienced reductions in tic

severity. No measurements regarding effects on ADHD severity were available from this

study. Insomnia and decreased appetite were noted to be common side effects of

dexamphetamine treatment in this trial.33

Alpha-2 Agonists

Two studies evaluating clonidine38,39 and one study examining the efficacy of guanfacine

contributed to this analysis.36 Alpha-2 agonists significantly improved both tic (ES = 0.74;

95% CI 0.44–1.04; z = 4.8, p < .001) and ADHD (ES = 0.61; 95% CI 0.32−0.90; z = 4.1, p
< .001) severity. Figures 2A, B depict forest plots of the effects of alpha-2 agonists on

ADHD and tic severity. Alpha-2 agonists also significantly improved hyperactivity/

impulsive (ES = 0.75; 95% CI 0.22−1.27; z = 2.8, p = .005) symptoms of ADHD. Alpha-2

agonist effects on inattention symptoms of ADHD demonstrated a large ES (0.76; 95% CI

−0.33 to 1.86; z = 1.4, p = .17) but did not reach the threshold of significance because of a

large degree of heterogeneity between the two studies (I2 = 91%, p = .001). Differences

between the two studies that could have contributed to this heterogeneity include that the

studies used different alpha-2 agonists (clonidine versus guanfacine), that the trials were of

different duration (8 weeks versus 16 weeks), and that there were potential differences in

techniques used to assess time spent on “on-task behaviors.”Alpha-2 agonists were

associated with a statistically significant increased rate of sedation (guanfacine = 41%,

clonidine = 48%) compared with placebo (6%) in these trials.36,38 With continued treatment,

this sedation often dissipated.36

Desipramine

Two studies examined the efficacy of desipramine compared with placebo in the treatment

of ADHD and comorbid tics.39,40 One study was a crossover study comparing 6-week

cycles of clonidine and desipramine with placebo.39 The other was a 6-week parallel group

study of 41 children that compared desipramine with placebo. Only the parallel group study

contributed data on tic severity to this analysis.40 Desipramine demonstrated significant

improvement of ADHD symptoms (ES = 0.80; 95% CI 0.02–1.57; z = 2.0, p = .04) and also

tic symptoms at trend levels (ES = 0.44; 95% CI −0.02 to 0.91; z = 1.9, p = .06). There was

significant heterogeneity in the analysis of ADHD efficacy (I2 = 86%, p = .008). This

heterogeneity may be due to differences in the rating scales used (Child Behavior Checklist

hyperactivity scale versus ADHD Rating Scale). The Child Behavior Checklist hyperactivity

scale is rather old and has fewer questions examining ADHD symptoms and thus may be

prone to a greater variance than newer scales of ADHD. Dosage and length of treatment

with desipramine in these two studies were roughly equivalent. Adverse effects with

desipramine treatment occurred with greater frequency than with placebo in both trials. Only
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one study reported on the frequencies of specific adverse events.40 In this trial, there was a

statistically significant increase in diastolic blood pressure and pulse rate in children treated

with desipramine compared with placebo.40

Atomoxetine

Only a single 16-week parallel-group study involving 148 children examined the efficacy of

atomoxetine compared with placebo.37 Atomoxetine significantly improved both tic (ES =

0.32; 95% CI 0.09–0.56; z = 2.7, p = .007) and ADHD (ES = 0.51; 95% CI 0.27–0.74; z =

4.3, p < .001) severity compared with placebo. No data on atomoxetine effects on inattention

and hyperactivity/impulsive symptoms were available. Atomoxetine was more likely to

cause nausea (16%) and decreased appetite (16%) when compared with placebo (1%–3%) in

this trial.

Deprenyl

Deprenyl is a type B monoamine oxidase inhibitor. Deprenyl is chemically similar to

selegiline (l-deprenyl) except without the isomeric designation. A single crossover study

with 15 completers of 24 children has compared deprenyl with placebo in the treatment of

Tourette’s syndrome and ADHD.41 Deprenyl did not show significant improvement in

treating ADHD symptoms (ES = 0.18; 95% CI −0.34 to 0.70; z = 0.7, p = .50) but did

demonstrate improvement in treating tic symptoms at trend levels (ES = 0.52; 95% CI −0.01

to 1.04; z = 1.9, p = .051). No data on deprenyl’s effects on inattention and hyperactivity/

impulsive symptoms were available. Deprenyl is not currently available in the United States,

although selegiline is available. Deprenyl did not demonstrate any adverse events at a

statistically greater rate than placebo in this trial.

Combined Pharmacological Treatments

Only a single study examined the efficacy of a combination of pharmacological agents. This

study compared the combination of clonidine and methylphenidate with placebo, as well as

each medication separately. The combination treatment significantly improved both ADHD

(ES = 1.09; 95% CI 0.72–1.45; z = 5.8, p < .001) and tic symptoms (ES = 0.75; 95% CI

0.38–1.12; z = 4.0, p < .001). This combination treatment also improved both the inattention

(ES = 0.60; 95% CI 0.23–0.96; z = 3.2, p = .001) and hyperactivity/impulsive symptoms (ES

= 1.00; 95% CI 0.64–1.37; z = 5.4, p < .001) of ADHD. Sedation (35%), commonly

experienced during clonidine treatment, was diminished in children taking additional

methylphenidate (21%) but still greater than placebo (6%).38

DISCUSSION

Meta-analysis of randomized placebo-controlled trials in the children with ADHD and

comorbid tics demonstrated that methylphenidate, alpha-2 agonists, desipramine, and

atomoxetine have shown efficacy in treating ADHD symptoms. Furthermore, none of these

four medications seemed to worsen tic severity. Alpha-2 agonists and atomoxetine have

demonstrated statistically significant improvement in tic symptoms with treatment, whereas

both methylphenidate and desipramine demonstrated improvement in tic symptoms at trend

levels with a comparable ES to atomoxetine. Figure 3 plots the ESs and their 95% CI in the

treatment of tics and ADHD. In addition, preliminary data from a single study suggest that

supratherapeutic doses of dextroamphetamine can worsen tics.33

When considering which medication to choose, besides considering simply the efficacy of

medications in ameliorating ADHD and tic severity, clinicians must also consider side

effects and family attitudes toward the risk/benefit profile of each medication.

Methylphenidate has the quickest onset of action of any of these agents and may be
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particularly beneficial in the children necessitating immediate improvement. On the other

hand, there is an FDA warning on package inserts contraindicating its use in patients with tic

disorders. Furthermore, there remain questions regarding the long-term efficacy of

stimulants and concerns regarding their long-term impact on growth.46 Psychostimulants

also have common side effects such as insomnia and appetite suppression. Alpha-2 agonists

are fairly well tolerated in children aside from sedation. However, there remains a concern

with rebound hypertension on abrupt discontinuation of these medications, (especially

clonidine).47 Atomoxetine, although fairly well tolerated, does not have data concerning its

long-term use equivalent to other agents considered in this algorithm. Although desipramine

has demonstrated efficacy in multiple double-blind trials of ADHD, it is generally not

considered a first-line agent because of cardiac arrhythmias associated with its use.48

The Tourette Syndrome Association Medical Advisory Board recently published guidelines

for the assessment and pharmacotherapy of Tourette’s syndrome. 49 The recommendations

regarding the treatment of ADHD in patients with comorbid tics were as follows: “Given the

added disability attributable to ADHD in children and adolescents with TS, aggressive

treatment of ADHD in these cases is warranted. After a review of the alternatives and the

family’s preference, treatment may start with an alpha-2 agonist (guanfacine or clonidine) or

stimulant medication. Combined treatment with an alpha-2 agonist and stimulant may

produce better outcomes than either treatment alone.” The data from this meta-analysis

support the conclusions from the medical advisory board. Data from this meta-analysis

suggest additionally that concerns about tic exacerbations from methylphenidate at

therapeutic doses may be overstated. Evidence from randomized placebo-controlled trials

show no indication of worsening tics with treatment and, in fact, show that methylphenidate

treatment may improve tics modestly. If the goal of treatment is to target both ADHD and tic

symptoms, alpha-2 agonist medications may be more desirable when compared with

psychostimulants.

Data from the Tourette Syndrome Study Group Study, which examined the comparative

efficacy of clonidine and methylphenidate, suggested that “clonidine appeared to be most

helpful for impulsivity and hyperactivity,” whereas “methylphenidate appeared to be most

helpful for inattention.”38 Meta-analysis of data from all the studies examining the efficacy

of alpha-2 agonists and methylphenidate did not distinguish these agents by their efficacy in

treating these subtypes of symptoms in ADHD. Alpha-2 agonists demonstrated ESs of 0.76

and 0.75 in treating inattention and hyperactivity/ impulsive symptoms of ADHD, whereas

the ESs for methylphenidate were 0.41 and 0.82, respectively. Alpha-2 agonists seem like a

better choice of medication when targeting comorbid tic symptoms, and methylphenidate

derivatives as a better choice when targeting tics is not a priority. A combination treatment

of both agents may be most effective in targeting both disorders together. Concerns have

been raised based on case report level data regarding the possible increased risk for cardiac

adverse events and sudden death when using clonidine and methylphenidate in

combination.50 These concerns have not been borne out in randomized controlled trials.51

Caution is warranted when using combination therapy in children with known cardiac

defects.

In light of our findings, it is important to take note of the limitations of this meta-analysis.

The ESs of medications in trials are influenced by many factors besides the efficacy of the

medication. Differences in the precision of rating scales influence ES. This difference may

have been particularly influential in our measures of efficacy in treating ADHD, and the

inattention and hyperactivity/impulsive symptom subtypes, because multiple different rating

scales and raters were used in trials. Yale Global Tic Severity Scale ratings of tic severity

were used to assess tic severity in the majority of studies included in this meta-analysis, so

these differences influenced our measures of tic severity much less. For several outcomes,
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we found significant heterogeneity between study results, suggesting that differences in trial

design may have influenced ESs. Such differences in trial design include the type of rating

scale and dose and duration of treatment. With a relatively small number of studies

contributing to this meta-analysis, it is not possible to determine which of these

hypothesized factors is contributing to the heterogeneity. Exploring this heterogeneity is

often informative in better understanding situations for optimal medication efficacy. The

trials in this meta-analysis include primarily male subjects (80%–100%). It is unknown how

well the results of this meta-analysis generalize to girls with ADHD and comorbid tics.

Despite these limitations, our meta-analysis demonstrated the efficacy of four medications

(methylphenidate, alpha-2 agonists, atomoxetine, and desipramine) in the treatment of

ADHD in the children with comorbid tics. The ESs observed in the treatment of ADHD in

children with comorbid tics were quite similar to those of meta-analyses of the children with

ADHD alone. For instance, our estimate of the ES for methylphenidate in the treatment of

ADHD in the children with comorbid tics was 0.73 (95% CI 0.53–0.94) compared with 0.78

(95% CI 0.64–0.91) in a meta-analysis involving 2,897 children with ADHD alone.52 Our

estimated ES for alpha-2 agonists in this meta-analysis was 0.61 (95% CI 0.32–0.90)

compared with 0.58 (95% CI 0.27–0.89) a meta-analysis involving 150 children with ADHD

alone.53 Our estimated ES for atomoxetine in children with comorbid tics was 0.51 (95% CI

0.27–0.74) compared with 0.64 (95% CI 0.51–0.76) in a recent meta-analysis of 1,615

children with ADHD alone.54 These data suggest that estimates of the efficacy of

medications in the children with ADHD alone may be generalizable to their efficacy in

treating these same symptoms in children with ADHD and comorbid tics. Our meta-analysis

also suggested that none of these medications, with the possible exception of

supratherapeutic doses of amphetamine derivatives, worsened tic severity. Alpha-2 agonists

significantly improved both ADHD and tic symptoms with larger combined effects than any

of the other medications. Combination therapy, with both an alpha-2 agonist and a

methylphenidate derivative, seems to be a particularly beneficial intervention based on

results from the Tourette Syndrome Study Group trial.38
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Fig. 1.
A and B, Methylphenidate effect on ADHD and tic severity. Forrest plots of

methylphenidate’s effect on ADHD (A) and tic severity (B). Methylphenidate significantly

improved ADHD severity compared with placebo and improved tic symptoms at trend

levels (Gadow et al.34,35 and Castellanos et al.33). MPH = methylphenidate derivatives;

TSSG = Tourette Syndrome Study Group.
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Fig. 2.
A and B, Alpha-2 agonists effect on ADHD and tic severity. Forrest plots of alpha-2

agonists’ effect on ADHD (A) and tic severity (B). Alpha-2 agonists significantly improved

both ADHD and tic severity compared with placebo (Singer et al.39 and Scahill et al.36).

TSSG = Tourette Syndrome Study Group.
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Fig. 3.
Effectiveness of medications in treating ADHD and tic disorders. Bubbles represent point

estimate and 95% confidence interval for medications in terms of effect size (ES) in treating

ADHD and tic symptoms based on a meta-analysis of double-blind, placebo-controlled trials

in children with ADHD and comorbid tic disorders. Effect size estimates in treating ADHD

symptoms for pharmacological agents were methylphenidate (ES = 0.73; 95% CI 0.53–

0.94), alpha-2 agonists (ES = 0.61; 95% CI 0.32–0.90), desipramine (ES = 0.80; 95% CI

0.02–0.91) and atomoxetine (ES = 0.51; 95% CI 0.27–0.74). Effect size estimates in treating

tic symptoms for pharmacological agents were methylphenidate (ES = 0.28; 95% CI −0.03

to 0.58), alpha-2 agonists (ES = 0.74; 95% CI 0.44–1.04), desipramine (ES = 0.44; 95% CI

−0.02 to 0.91), and atomoxetine (ES = 0.32; 95% CI 0.09–0.56). Supratherapeutic doses of

dextroamphetamine modestly worsened tic symptoms (ES = −0.59; 95% CI −1.06 to−0.13)

in a small crossover trial. These data are not depicted as there were no estimates for ADHD

improvement in the trial. The ESs for deprenyl, a monoamine oxidase B inhibitor, that is not

available in the United States and did not demonstrate efficacy in the treatment of ADHD or

tics, is also not depicted in this figure. MAO-B = monoamine oxidase B; MPH =

methylphenidate derivatives.

Bloch et al. Page 14

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2014 March 05.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Bloch et al. Page 15

T
A

B
L

E
 1

C
h
ar

ac
te

ri
st

ic
s 

o
f 

In
cl

u
d
ed

 S
tu

d
ie

s

A
ut

ho
r

Y
ea

r
N

A
ge

R
an

ge
, y

Se
x

(%
 M

al
e)

D
es

ig
n

L
en

gt
h 

of
T

re
at

m
en

t,
 w

k
M

P
H

A
M

P
α

2 
A

go
ni

st
D

M
I

A
T

O
M

D
E

P

G
ad

o
w

 e
t 

al
.

1
9
9
2

1
1

6
–
1
2

9
1

C
ro

ss
o
v
er

2
X

S
in

g
er

 e
t 

al
.3

9
1
9
9
5

3
4

7
–
1
4

9
1

C
ro

ss
o
v
er

6
X

X

F
ei

g
in

 e
t 

al
.4

1
1
9
9
6

1
5

7
–
1
6

8
8

C
ro

ss
o
v
er

8
X

C
as

te
ll

an
o
s 

et
 a

l.
3
3

1
9
9
7

2
0

6
–
1
3

1
0
0

C
ro

ss
o
v
er

3
X

X

S
ca

h
il

l 
et

 a
l.

3
6

2
0
0
1

3
4

6
–
1
4

9
1

P
ar

al
le

l
8

X

T
S

S
G

3
8

2
0
0
2

1
0
3

7
–
1
4

8
9

P
ar

al
le

l
1
6
, 
C

L
O

N
; 

1
2
, 
M

P
H

X
X

S
p
en

ce
r 

et
 a

l.
4
0

2
0
0
2

4
1

5
–
1
7

8
3

P
ar

al
le

l
6

X

A
ll

en
 e

t 
al

.3
7

2
0
0
5

1
4
8

7
–
1
7
.5

8
9

P
ar

al
le

l
1
8

X

G
ad

o
w

 e
t 

al
.3

5
2
0
0
7

7
1

6
–
1
2

8
0

C
ro

ss
o
v
er

2
X

N
ot

e:
 W

e 
in

cl
u
d
ed

 n
in

e 
st

u
d
ie

s 
in

v
o
lv

in
g
 4

7
7
 c

h
il

d
re

n
 i

n
 t

h
is

 m
et

a-
an

al
y
si

s.
 A

M
P

 =
 a

m
p
h
et

am
in

e 
d
er

iv
at

iv
es

; 
A

T
O

M
 =

 a
to

m
o
x
et

in
e;

 D
E

P
 =

 d
ep

re
n
y
l;

 D
M

I 
=

 d
es

ip
ra

m
in

e;
 M

P
H

 =
 m

et
h
y
lp

h
en

id
at

e

d
er

iv
at

iv
es

; 
T

S
S

G
 =

 T
o
u
re

tt
e 

S
y
n
d
ro

m
e 

S
tu

d
y
 G

ro
u
p
.

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2014 March 05.


