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of treatment effect. Meta-analysis demonstrated a significant benefit of antipsychotics compared to
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placebo (standardized mean difference (SMD)=0.58 (95% confidence interval (CI): 0.36-0.80). Strati-
fied subgroup analysis found no significant difference in the efficacy of the 4 antipsychotic agents tested
(risperidone, pimozide, haloperidol and ziprasidone). Meta-analysis also demonstrated a benefit of alpha-

. . 2 agonists compared to placebo (SMD =0.31 (95% confidence interval CI: 0.15-0.48). Stratified subgroup
Alpha-2 adrenergic agonist . . .. . . .
Tic disorders analysis and meta-regression demonstrated a significant moderating effect of co-occurring ADHD. Trials
Attention-deficit/hyperactivity disorder which enrolled subjects with tics and ADHD demonstrated a medium-to-large effect (SMD =0.68 (95%Cl:
Meta-analysis 0.36-1.01) whereas trials that excluded subjects with ADHD demonstrated a small, non-significant
benefit (SMD =0.15 (95%CI: —0.06 to 0.36). Our findings demonstrated significant benefit of both antipsy-
chotics and alpha-2 agonists in treating tics but suggest alpha-2 agonists may have minimal benefit in
tic patients without ADHD.
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1. Introduction

Tourette syndrome (TS) is a neurodevelopmental tic disorder
characterized by the presence of both motor and vocal (phonic) tics
for at least a year in duration (DSM, 2000). Tic symptoms typically
have an onset around the age 5 or 6 years and reach their worst-ever
severity around 10-12 years of age (Leckman et al., 1998). Approx-
imately one half to two thirds of adolescents with TS will have a
decrease in tic severity by early adulthood (Leckman et al., 1998;
Bloch et al., 2006). For the rest of these adolescents, the persistence
of tics into adult life may have detrimental effects on quality of
life. Some tics may be self-injurious, while others, such as copro-
lalia, may be disruptive in the social environment (Erenberg et al.,
1987).

Antipsychotics are generally recognized by experts as the most
effective pharmacological treatment for tics (Waldon et al., 2012;
Singer, 2010; Scahill et al.,2006; Roessner et al.,2012). Two antipsy-
chotic medications, haloperidol and pimozide, are the only two
FDA approved treatments for tics, although they are not currently
recommended as the first-line pharmacotherapy because of their
adverse side-effect profile. Possible side effects of antipsychotics
include weight gain, sedation and cognitive blunting, parkinso-
nism, dyskinesia, and akathisia (Scahill et al., 2006).

Although generally recognized as not as effective as antipsy-
chotic medications, alpha-2 agonists including clonidine and
guanfacine are often used as the first-line pharmacological treat-
ment for tics because of their more benign safety profile (Singer,
2010; Scahill et al., 2006; Bloch, 2008; Swain et al., 2007; Roessner
et al.,, 2011). As written by the Tourette Syndrome Medical Advi-
sory Board, “For tics of moderate or greater severity, guanfacine
or clonidine may be considered as the first line given the favor-
able safety margin of these medications.” (Scahill et al., 2006)
Guanfacine although widely utilized for the treatment of tics in
the United States, is not available in many European countries.
Alpha-2 agonists also have the advantage of being effective in
the treatment of ADHD in patients with and without tics (Bloch
et al., 2009; Connor et al., 1999). In clinically ascertained sam-
ples, more than half of children with TS also have ADHD (Khalifa
and von Knorring, 2006). Historically, using clonidine as the pro-
totype, the alpha-2 agonists were presumed to exert therapeutic
befits by turning down arousal resulting in more optimal regula-
tion of norepinephrine subcortical and cortical circuits (Arnsten,
2010). Accumulated evidence from animal studies suggest that the
alpha-2 agonists enhance the functional connectivity of prefrontal
cortical networks through stimulation of post-synaptic alpha-2A
receptors on the dendritic spines of prefrontal cortical pyramidal
cells (Arnsten, 2010; Wang et al., 2007). This mechanism, which
may apply more specifically to guanfacine than clonidine, implies
that alpha-2 agonists may increase the effectiveness of the frontal
cortex in regulating attention and suppressing tics (Arnsten, 2010).
Although alpha-2 agonists are commonly used as first-line treat-
ment for children with tics, research to date has not rigorously
examined the efficacy of these medications in treating tics in chil-
dren with and without ADHD.

Several influential professional organizations, the American
Academy of Child and Adolescent Psychiatry (AACAP), the Cana-
dian Academy of Child and Adolescent Psychiatry (CACAP) and the
European Society for the Study of Tourette Syndrome (ESSTS) have
recently or are currently developing guidelines in the pharmacolog-
ical treatment of TS (Roessner et al., 2011; Pringsheim et al., 2012).
These treatment guidelines have or are currently considering mak-
ing treatment recommendations between and within these classes
of pharmacological agents. Therefore quantitative meta-analysis
summarizing the current evidence of efficacy of different anti-
tic medications is timely. Previous systematic reviews in the area
have been narrow in scope (confined to atypical or typical antipsy-
chotics separately), and have not performed quantitative synthesis
of data from available trials (Pringsheim et al., 2012; Pringsheim
and Marras, 2009).

The purpose of this meta-analysis is to compare existing ran-
domized, controlled trials of alpha-2 agonists and antipsychotics to
determine their efficacy in treating tic disorders. In meta-analysis
of trials involving antipsychotic agents, our goal was to determine
the average effect size (compared to placebo) of antipsychotics as
a class and determine if there was any evidence that individual
antipsychotic agents differ in efficacy. We also conducted strati-
fied subgroup analysis and meta-regression to determine if dose
and duration of antipsychotic treatment or trial methodological
quality influenced the estimated efficacy of antipsychotics. In meta-
analysis of trials involving alpha-2 agonists, we sought to determine
the average effect size (compared to placebo) of alpha-2 agonists as
a class and examine moderators of treatment effect. We hypothe-
sized that alpha-2 agonists would be significantly more efficacious
in treating tics of patients accompanied by ADHD compared to
those without ADHD.

2. Methods
2.1. Search strategy

Two reviewers (HW and MHB) searched PubMED
(1965-0October 2011) (for relevant trials using the search strategy
(“Antipsychotic Agents” [Pharmacological Action] OR “Antipsy-
chotic Agents” [Mesh]) AND tic disorders) to locate trials of
antipsychotic agents and (“Adrenergic alpha-2 Receptor agonists
[Pharmacological Action]” AND “Tic Disorders” [Mesh]) to locate
trials of alpha-2 agonist medications. The results of the search
were further limited to randomized control trials. The references
of eligible trials as well as any appropriate review articles in this
area were additionally searched for citations of further relevant
published and unpublished research. There were no language
limitations on our search strategy.

2.2. Criteria for inclusion of studies in this review

Studies were included in this meta-analysis if they were ran-
domized, controlled trials examining the efficacy of FDA-approved
antipsychotic agent medications or alpha-2 adrenergic agonists
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medications for treating tic disorders. Trials that compared alpha-
2 agonists or antipsychotic agents to each other, placebo or other
medications in the same class (e.g. a head-to-head comparison of
two different antipsychotic agents) were included in this meta-
analysis. Trials were considered randomized when investigators
explicitly represented them as such in Section 2 of their published
manuscript. Both crossover and parallel group trials were included
in this review. Trials in which other psychoactive substances were
started at the same time as antipsychotics or alpha-2 agonists were
excluded. Discontinuation trials were also excluded.

2.3. Meta-analytic methods

Data extraction was performed on specially designed Microsoft
Excel spreadsheets. Data were collected on methods, partici-
pants, intervention and outcome measurements, and other relevant
attributes and results of the studies. Any missing information was
requested from the study investigators when possible. The outcome
measure selected from each included trial was difference in tic
severity rating between the medication and placebo group at end-
point. For antipsychotic trials, active medication was compared to
other antipsychotics (in all cases pimozide) or alpha-2 agonists (in
all cases clonidine). Preferred rating scales for rating of tic severity
(inorder of preference) were the Yale Global Tic Severity Scale (total
tic score or global severity score), Tourette Syndrome Global Scale,
Shapiro Tourette Syndrome Severity Scale, Hopkins Motor/Vocal
Tic Severity Scale (Leckman et al., 1989; Harcherik et al., 1984;
Shapiro et al., 1988; Walkup et al., 1992). If none of these scales
were available we would then use any rating scale that specifically
measured tic severity. A hierarchy of preferred tic rating scale for
our primary outcome was established a priori (as opposed to using
the tic rating scale identified as primary by the trial investigator) in
order to avoid any possible inflation of treatment effects caused by
possible reporting bias via selection of measures that showed the
greatest efficacy.

Standard mean difference (SMD) was chosen as the summary
statistic for meta-analysis and calculated by pooling the standard-
ized mean difference using Comprehensive Meta-Analysis Version
2 (Biostat, 2005). SMD was favored over weighted mean differ-
ence because the tic severity rating scales differed across studies.
A fixed effects model was chosen for meta-analysis because this
method is favored for testing subgroup differences in stratified
meta-analysis. Publication bias was assessed by plotting the effect
size against standard error for each trial (funnel plot) (Egger et al.,
1997). Publication bias was also statistically tested by using Egger’s
test and also testing the association between sample size and effect
size in meta-regression. Heterogeneity of treatment response was
assessed visually from the forest plot of standardized mean differ-
ences and relative risk of individual studies. Statistical estimates of
heterogeneity were also assessed using the I-square heterogene-
ity statistic in Comprehensive Meta-Analysis (Biostat, 2005). We
conducted a sensitivity analysis to examine our decision to use a
fixed-effects rather than random effects model for meta-analysis.

For alpha-2 agonist trials we also examined the moderating
effects of ADHD. We conducted a subgroup analysis by strati-
fying trials based on comorbid ADHD status of subjects (some
trials excluded comorbid ADHD, some trials only included sub-
jects with comorbid ADHD). For the alpha-2 agonist trials only
we also conducted a meta-regression where the association
between the proportion of subjects with comorbid ADHD and
effect size was examined. We tested for subgroup differences in
Comprehensive Meta-Analysis by examining whether subgroups
significantly reduced overall heterogeneity (Deeks et al., 2003).
Meta-regression was performed in Comprehensive Meta-Analysis.
Trials were weighted using the generic inverse variance method.
Effect size (SMD) of trials was the dependent variable with the

variables of interest being entered as moderating variables. We
used meta-regression techniques to examine the association
between measured efficacy in trials and naturally continuous vari-
ables such as (1) trial duration, (2) trial methodological quality and
(3) proportion of sample with Tourette syndrome (as opposed to
transient or chronic tic disorders). Overall methodological quality
of trials was assessed using the Jadad Scale (Moher et al., 1995;
Moncrieff et al., 2001). We did not examine proportion of subjects
with Tourette syndrome as a moderating variable in antipsychotic
trials as greater than 95% of participants in these trials had a diag-
nosis of TS.

3. Results
3.1. Antipsychotic agents

3.1.1. Selection of studies

Our PubMED search identified 29 manuscripts that were poten-
tially eligible for inclusion in this meta-analysis. Fig. 1 is a flow
diagram that depicts our selection procedure. A total of 10 trials
were included in this review. Five trials compared antipsychotics
to placebo (Scahill et al., 2003; Dion et al., 2002; Sallee et al.,
2000, 1997; Shapiro et al.,, 1989). Five trials (including 2 that
were also placebo controlled) were head-to-head comparisons
of antipsychotic medications (Sallee et al., 1997; Shapiro et al.,
1989; Gilbert et al., 2004; Onoftj et al., 2000; Bruggeman et al.,
2001). Two trials compared an antipsychotic medication to an
alpha-2 agonist medication (Gaffney et al., 2002). Table 1 depicts
the characteristics of included trials. Trials compared 4 differ-
ent antipsychotic medications to placebo - haloperidol, pimozide,
risperidone and ziprasidone. Trials compared 2 different antipsy-
chotic agents to pimozide - haloperidol and risperidone. We
identified no controlled trials that measured the efficacy of sev-
eral common antipsychotics used to treat tics. These medications
included fluphenazine, aripiprazole and quetiapine. One crossover
trial comparing haloperidol to pimozide was excluded because it
relied on unvalidated measures of tic counts rather than rating
scales (Ross and Moldofsky, 1978). One trial that compared olan-
zapine to pimozide was excluded because it included 4 subjects
(Onoftjetal.,, 2000). We also excluded one large trial that compared
aripiprazole to tiapride because tiapride is not an FDA approved
medication in the United States. Because we believed this trial
was informative and important although outside the scope of our
planned systematic review we included trial data in Section 4 (Liu
etal.,, 2010).

3.1.2. Antipsychotic efficiency

Meta-analysis demonstrated a significant, medium-to-large
treatment effect of antipsychotic agents in improving tic symptoms
compared to placebo (standardized mean difference (SMD)=0.58
(95% confidence interval (CI): 0.36-0.80),z=5.27,p <0.0001). There
was also a no significant heterogeneity between trials (Q=5.65,
df=6,p=0.46, I2 = 0%). Fig. 2 depicts a forest plot demonstrating the
efficacy of antipsychotics compared to placebo. Visual inspection of
the funnel plot and Egger’s test did not demonstrate any evidence of
publication bias (t=1.18, df=5, p=0.29). Sensitivity analysis using
a random-effects rather than fixed effects model demonstrated
similar efficacy of antipsychotics (SMD=0.58 (95%Cl: 0.36-0.80),
z=5.26, p<0.0001).

3.1.3. Differential efficacy of antipsychotic agents

Stratified subgroup analysis comparing the efficacy of dif-
ferent antipsychotic agents to placebo provided no evidence of
differences in comparative efficacy (test for subgroup differences
x2=1.2, df=3, p=0.75). The effect sizes of different antipsychotic
agents compared to placebo were haloperidol (SMD =0.52 (95%CI:
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29 PubMed citations identified

12 Citations Excluded

6 Not Studying an antipsychotic agent
5 Not Studying Tic Disorder
1 Not Randomized Controlled Trial

17 Manuscripts Retrieved for Detailed Evaluation

7 Citations Excluded

3 Secondary Analyses of Included Trials
1 Discontinuation Trial

1 Concomitant Medication Started

1 Less than 10 Subjects

1 Did not use rating scale of tic severity

10 Manuscripts Included in Systematic Review
5 placebo-controlled trials*

1 trial compared aripiprazole to tiapride

4 trials compared other antipsychotic agent to pimozide*
2 trials compared antipsychotic agent to alpha-2 agonist

Fig. 1. Selection of studies for meta-analysis of antipsychotic agents in the treatment of tics. Flow diagram depicting reasons for exclusion of several trials identified in our

search but not included in meta-analysis.

0.16-0.88)), pimozide (SMD=0.48 (95%Cl: 0.04-1.04)), risperi-
done (SMD=0.76 (95%CI: 0.31-1.21)), and ziprasidone (SMD = 0.76
(95%CI: —0.02 to 1.53)). The differences in measured effect sizes
between antipsychotic agents were not statistically significant but
were consistent with random variation.

Five trials compared the efficacy of FDA approved antipsychotic
agents to pimozide. Meta-analysis demonstrated no evidence that
other antipsychotics differed in efficacy from pimozide. Strati-
fied subgroup analysis demonstrated no evidence of differences
in comparative efficacy compared to pimozide (test for subgroup
differences x2=0.04, df=1, p=0.85) (Fig. 3).

3.1.4. Trial duration
In exploratory analysis, meta-regression demonstrated no sig-
nificant difference between trial duration and reported efficacy of

antipsychotic medications compared to placebo (5=0.130 (95%Cl:
—0.104 to 0.363), t=1.09, p=0.28).

3.1.5. Antipsychotic dose (in chlorpromazine equivalents)

Meta-regression demonstrated no significant difference
between the average dose of antipsychotic medications in chlor-
promazine equivalents and reported effect size (8=0.01 (95%CI:
—0.02 to 0.04), t=-0.63, p=0.53).

3.1.6. Age

Meta-regression demonstrated no association between par-
ticipant age in trials and efficacy of antipsychotic medications
compared to placebo (8 =-0.004 (95%CI: —0.024 to 0.033), t=0.31,
p=0.75).

Table 1
Randomized, controlled trials of antipsychotic agents for the treatment of tics.
Author Year Medication Average dose Design Duration N % TS Age range (in JADAD
(mg) (in weeks) years)
Placebo-controlled trials
Shapiro 1989 H'alopgrldol 10.6 Parallel 6 57 100 846 3
Pimozide 4.5 group
Sallee” 1997 Haloperidol 35 ¢ 6 2 100 7-16 3
Pimozide 3.4 rossover -
Sallee 2000 Ziprasadone 28.2 Parallel group 8 24 96 7-17 4
Dion 2002 Risperidone 25 Parallel group 8 48 100 14-49 4
Scahill 2003 Risperidone 2.5 Parallel group 8 26 100 6-62 5
Head-to-head comparison of antipsychotic agents
Bruggeman 2001 Risperidone 3.8 Parallel
Pimozide 29 group 7 41 100 11-65 4
Gilbert 2004 Risperidone 2.5
Pimozide 24 Crossover 4 13 84 7-17 5
Comparison of antipsychotic agents to alpha-2 agonists
Gaffney 2002 Risperidone 1.5 Parallel
Clonidine 0.175 group 8 20 100 7-17 4
Kang 2009 Halopgrldol 1.2 Parallel 4 119 100 517 5
Clonidine patch 1.5 group

" Trials also included in analysis of head-to-head comparisons between antipsychotic agents.
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Trial SMD
Haloperidol
Shariro -
Sdies ——
Shapiro-Crossoer —-
Risperidone <>
- — .
Gilbert L
<
&>

-2.00 -1.00 0.00 1.00 2.00

Favors Pimozide Favors Other Antipsychotic

Fig. 2. Efficacy of antipsychotic agents compared to placebo for the treatment of
tics. Meta-analysis demonstrated a significant, medium-to-large treatment effect
of antipsychotic agents in improving tic symptoms compared to placebo (standard-
ized mean difference (SMD)=0.61 (95% confidence interval (CI): 0.36-0.86),z=4.80,
p=0.00001). There was also a no significant heterogeneity between trials (Q=4.51,
df=6, p=0.61, I>=0%).

3.1.7. Trial methodological quality

Meta-regression demonstrated no association between trial
methodological quality as measured by the Jadad scale and antipsy-
chotic effect size compared to placebo (8=0.24 (95%CI: —0.09 to
0.58),t=1.4,p=0.16).

3.2. Alpha-2 agonists

3.2.1. Selection of studies

Our PubMED search identified 12 manuscripts that were poten-
tially eligible for inclusion in this meta-analysis. Fig. 4 is a flow
diagram that depicts our selection procedure. Six trials involv-
ing 631 participants were eligible for inclusion. Table 2 depicts
the characteristics of included trials. Four eligible trials examined
the efficacy of clonidine (Leckman et al., 1991; Du et al., 2008;
Tourette’s Syndrome Study Group, 2002; Singer et al., 1995) and
two trials examined the efficacy of guanfacine (Cummings et al.,
2002; Scahill et al., 2001). Four trials demonstrated a significant
beneficial effect of alpha-2 agonists compared to placebo (Leckman

Trial SMD

Haloperidol

Shapiro-ha cperidd —

Sallee-felopericol —

Pimozide <>

Shapiro-pimozde ——

Sallee-girmzide —B—

Risperidone <

Dion — B

Scahill ——
s
<>

-2.00 -1.00 0.00 1.00 200

Favors Placebo Favors Antipsychotic

Fig. 3. Efficacy of other antipsychotic agents compared to pimozide for the treat-
ment of tics. Five trials compared the efficacy of FDA approved antipsychotic agents
to pimozide. Meta-analysis demonstrated no evidence that other antipsychotics
differed in efficacy from pimozide.

12 Potentially relevant citations screened for Retrieval

6 Citations excluded
4 Not placebo controlled trials
1 Retracted by author
1 Not a clinical trial

6 Manuscripts Retrieved for Detailed Evaluation

Fig.4. Selection of trials for alpha-2 agonists for the treatment of tics. A flow diagram
depicting reasons for exclusion of 6 articles identified by our search strategy. One
trial was excluded because the journal editorial staff retracted the article after there
was evidence that the trial and its data was plagiarized from an earlier included trial.

etal,,1991; Duetal.,2008; Tourette’s Syndrome Study Group, 2002;
Scahill et al., 2001), whereas two trials did not (Singer et al., 1995;
Cummings et al., 2002). For one trial we report week 3 as endpoint
rather than the week 4, which was reported in the trial. By design,
this trial withdrew a substantial proportion of study subjects at
week 3 who did not demonstrate a beneficial response (Du et al.,
2008).

3.2.2. Alpha-2 agonist efficacy

Meta-analysis demonstrated a significant benefit of alpha-2
agonists in the treatment of tic symptoms compared to placebo
(standardized mean difference (SMD)=0.31 (95% confidence inter-
val (CI): 0.15-0.48), z=3.64, p<0.001). Fig. 5 depicts a forest
plot demonstrating the efficacy of alpha-2 agonists compared
to placebo. There was modest, although not statistically signif-
icant, amount of heterogeneity between trials (Q=7.85, df=5,
p=0.17, 2 =36%). Visual inspection of the funnel plot and the meta-
regression of the association between effect size and sample size
demonstrated significant evidence of publication bias (8=-0.0012
(95%CI: —0.0021 to —0.0003), z=-2.65, p=0.008). Egger’s test
(p=0.06) was equivocal. Fig. 6 depicts a funnel plot suggesting pos-
sible publication bias in the literature. When publication bias was
adjusted for using the Duval and Tweedie trim-and-fill method,
alpha-2 agonists still demonstrated a modest, but significant, bene-
fit compared to placebo (SMD =0.18 (95%CI: 0.03-0.33)). Sensitivity
analysis also demonstrated a significant benefit of alpha-2 agonists
when a random-effects (SMD=0.43 (95%Cl: 0.17-0.69), z=3.22,
p=0.001) rather than a fixed-effects model for meta-analysis was
used.

Study name Std diff in means and 95% CI
Scahill 2001
TSSG 2002 ——
Leckman 1991 =
Cummings 2002
Du 2008 . 3
Singer 1995 ——
. 2
-2.00 -1.00 0.00 1.00 2.00
Favors Placebo Favors Alpha-2

Fig. 5. Alpha-2 agonists for the treatment of tics. Meta-analysis of 6 trials demon-
strated a significant effect of alpha-2 agonists in reducing tic severity (standardized
mean difference (SMD)=0.31 (95% confidence interval (CI): 0.15-0.48), z=3.64,
p<0.001).
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Table 2
Randomized, controlled trials of alpha-2 agonists for the treatment of tics.
Author Year Medication Design Duration N Percent Age range (in Primary efficacy scale Method of analysis JADAD
(in weeks) with TS years)
Leckman 1991 Clonidine Parallel 12 40 100 7-48 TSGS Completers 4
Singer 1995 Clonidine Crossover 6 34 100 7-14 Parent linear analog Completers 4
Scahill 2001 Guanfacine Parallel 8 34 59 7-14 YGTSS ITT 4
Tourette’s 2002 Clonidine Parallel 16 65 89 7-14 YGTSS ITT 5
Syndrome Study
Group
Cummings 2002 Guanfacine Parallel 4 24 96 6-16 YGTSS Completers 4
Du 2008 Clonidine Parallel 3 427 55 6-18 YGTSS ITT 4
3.2.3. Impact of ADHD 3.2.5. Age

Stratified subgroup analysis demonstrated that trials requiring
the presence of ADHD demonstrated a significantly greater effect of
alpha-2 agonists in reducing tics than trials that excluded subjects
with ADHD (x2=7.27, df=1, p=0.007). Trials that enrolled sub-
jects with tics and ADHD demonstrated a medium-to-large effect
of alpha-2 agonists in reducing tics (SMD =0.68 (95%CI: 0.36-1.01),
z=4.10,p<0.001). Trials that excluded subjects with ADHD demon-
strated a small, non-significant benefit (SMD=0.15 (95%CI: —0.06
to 0.36), z=1.40, p=0.16). The one trial that enrolled subjects with
and without ADHD demonstrated an intermediate effect of alpha-
2 agonists in reducing tic symptoms (SMD =0.43 (95%CI: —0.18 to
1.04)).

Meta-regression also demonstrated a significant moderating
effect of ADHD on the efficacy of alpha-2 agonists in treating
tics. Trials enrolling greater proportion of subjects with ADHD
reported greater efficacy of alpha-2 agonists in the treatment of
tics (8=0.0053 (95%Cl: 0.0015-0.0091), z= —2.72, p=0.006). Fig. 7B
plots the proportion of subjects with ADHD in trials versus reported
effect size.

3.2.4. Proportion of subjects with Tourette syndrome
Meta-regression demonstrated a significant association
between proportion of subjects with Tourette syndrome and
reported efficacy of alpha-2 agonists in the treatment of tic
symptoms (8 =0.010 (95%Cl: 0.002-0.019), z= —2.36, p=0.018).

0.0

Meta-regression demonstrated no significant relationship
between baseline age of subjects and reported efficacy of alpha-2
agonists (f=0.027 (95%Cl: —0.088 to 0.143), z=0.47, p=0.64).

3.2.6. Medication type

Stratified subgroup analysis demonstrated no significant
difference between the reported efficacy of clonidine and guan-
facine (x2=0.60, df=1, p=0.44). Clonidine (SMD=0.29 (95%Cl:
0.12-0.47), z=3.28, p=0.001) and guanfacine (SMD =0.54 (95%ClI:
—0.06 to 1.14), z=1.76, p=0.08) demonstrated similar efficacy in
trials, perhaps because of the limited number of guanfacine trials.

3.2.7. Trial duration

In exploratory analysis, meta-regression demonstrated a sig-
nificant association between trial duration and reported efficacy
of alpha-2 agonist medications (8=-0.041 (95%CI: 0.003-0.079),
z=2.11, p=0.035). Longer duration trials reported greater effects
of alpha-2 agonist medications in improving tics.

3.2.8. Trial methodological quality

Meta-regression demonstrated no association between trial
methodological quality as measured by the Jadad scale and trial
effect size ($=0.40 (95%Cl: —0.13 t0 0.93), z=1.46, p=0.14).
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Fig. 6. Funnel plot depicting publication bias in alpha-2 agonist trials in the treatment of tics. Visual inspection of the funnel plot and the meta-regression of the association
between effect size and sample size demonstrated significant evidence of publication bias (8=-0.0012 (95%CI: —0.0021 to —0.0003), z=—2.65, p=0.008). When publication
bias was adjusted for using the Duval and Tweedie trim-and-fill method, alpha-2 agonists still demonstrated a significant benefit compared to placebo (SMD =0.18 (95%Cl:

0.03-0.33)).
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Fig. 7. (A) Efficacy of alpha2-agonists for the treatment of tics in trials stratified
by ADHD comorbidity. Trials that required tic patients to have comorbid ADHD
(SMD=0.68 (95%CI: 0.36-1.01), z=4.10, p<0.001) demonstrated a significantly
greater effect (test for subgroup differences x?=7.27, df=1, p=0.007) of alpha-2
agonists in reducing tic symptoms than trials that excluded subjects with comorbid
ADHD (SMD=0.15 (95%CI: —0.06 to 0.36), z=1.40, p=0.16). (B) Meta-regression of
alpha-2 agonist efficacy in treating tics versus percent of subjects with comorbid
ADHD in trial. Meta-regression demonstrated that trials enrolling a larger propor-
tion of subjects with comorbid ADHD reported a greater efficacy of alpha-2 agonists
in treating tics (8 =0.0053 (95%Cl: 0.0015-0.0091), z=—2.72, p=0.006).

3.3. Comparative efficacy of antipsychotic agents versus alpha-2
agonists

Two trials examined the efficacy of antipsychotics compared to
alpha-2 agonists (clonidine). One trial examined the efficacy of an
antipsychotic agent (risperidone) to an alpha-2 agonist (clonidine)
(Gaffneyetal., 2002). This 8-week parallel trial of 21 adults/children
demonstrated no significant difference between treatments. Cloni-
dine performed non-significantly better in improving tic symptoms
than risperidone (Gaffney et al., 2002). The other was a larger,
randomized but unblinded trial of 119 children randomized to
clonidine adhesive patch or haloperidol for 4 weeks (Kang et al.,
2009). This study demonstrated a significant benefit of the cloni-
dine adhesive patch compared to haloperidol but was not blinded
and involved a shorter duration of treatment then is standard in
antipsychotic efficacy trials.

4. Discussion

Meta-analysis of 5 randomized, placebo-controlled trials
demonstrated a significant benefit of antipsychotics in the treat-
ment of tic disorders. Meta-analysis demonstrated a medium effect
size (SMD =0.58 (95%CI: 0.36-0.80) of antipsychotics compared to
placebo with no evidence of publication bias or significant het-
erogeneity between trials. We found no evidence of differential
efficacy of different antipsychotic agents based on comparison
of their effect sizes in both placebo-controlled and pimozide-
controlled trials. Although adverse effect profiles may be different

across the various antipsychotic medications, it does not appear
that any antipsychotic agent is more effective in reducing tics
than any other antipsychotic agent. Similarly, a randomized, con-
trolled trial of 65 children with TS that compared aripiprazole to
tiapride demonstrated no significant difference between agents
after 12 weeks of treatment (SMD=0.04 (95%Cl:—0.45 to 0.53,
z=0.2, p=0.87, favoring aripiprazole) (Liu et al., 2010). This trial
was not included in this systematic review because tiapride is not
an FDA approved medication in the United States. The medium
treatment effect of antipsychotics is favorable compared to alpha-
2 agonist medications in the treatment of tics (SMD =0.31 (95%Cl:
0.15-0.48). Despite the positive effects on tics, however, the
adverse effect profile of the antipsychotic medications also warrant
consideration. Given the potential adverse effects of antipsychotic
medications such as acute dystonia, weight gain, cardiometabolic
consequences and tardive dyskinesia, it is difficult to recom-
mend this medication class as a first-line treatment for any child
with TS despite their considerable evidence of efficacy. The only
blinded head-to-head trial that compared an antipsychotic to an
alpha-2 agonist showed no difference between the two classes of
agents. The small sample size and uncertain aim of the trial lim-
its any interpretation of this finding of no difference (Gilbert et al.,
2004).

Meta-analysis of six randomized, placebo-controlled trials
demonstrated a modest but significant benefit of alpha-2 ago-
nists in the treatment of children with chronic tics. Stratified
subgroup analysis and meta-regression demonstrated that alpha-
2 agonists had a medium-to-large effect (ES=0.68) in reducing
tic symptoms in trials in which participants also had ADHD. In
the absence of ADHD, however, the efficacy of these agents was
small (ES =0.15) and non-significant. This finding calls into question
existing treatment guidelines for TS that recommend alpha-2 ago-
nists as first-line pharmacological treatment of tics (Singer, 2010;
Scahill et al., 2006; Bloch, 2008; Swain et al., 2007; Roessner et al.,
2011). Despite the clear trend in our findings, however, the avail-
able studies for review were few in number and sample sizes were
small. Thus, firm conclusions cannot be drawn due the less than
adequate state of current evidence.

Other treatment options for the treatment of tics include cog-
nitive behavioral intervention based on habit reversal training
(Piacentini et al., 2010). Habit Reversal Training (HRT) and closely
related inventions such as Comprehensive Behavioral Intervention
for Tics (CBIT) is recommended as a first-line intervention for youth
with chronic tics in recently published guidelines (Roessner et al.,
2011; Pringsheim et al., 2012). In a multi-site randomized trial,
CBIT showed superiority to supportive treatment in 126 children
with moderate or greater tic severity. The effect size of (ES=0.68) is
slightly lower than the effect of antipsychotic medications (Deeks
et al., 2003; Moncrieff et al., 2001). However, direct comparison of
treatment effects between pharmacological and behavioral treat-
ments is hindered by the fact that participants are not blinded
in behavioral intervention trials and the control condition may
not be equivalent to placebo. Future trials may examine whether
the presence of ADHD has a negative impact on CBIT (Lyon et al.,
2010). If children with tics and ADHD are less likely to make use
of CBIT, it would be the converse of the findings in the current
meta-analysis.

Alpha-2 agonists function by stimulating post-synaptic alpha-
2Areceptors ondendritic spines of the prefrontal cortical pyramidal
cells, and by increasing the functional connectivity of the pre-
frontal cortical networks (Arnsten, 2010). The brain regions that
are activated during tic suppression belong to a neural circuit
that participates in the inhibition of unwanted impulses (Graybiel,
1990). Cognitive control of the prefrontal cortex may be impor-
tant in controlling tic severity and in the pathogenesis of TS (Marsh
et al., 2009). An fMRI study of adults with TS demonstrated that
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tic suppression is associated with activation of the frontal cortex.
Magnitude of frontal activation during tic suppression in this study
was associated with increased activity in the caudate and decreased
activity in the putamen, globus pallidus and thalamus (Peterson
et al., 1998). The magnitude of activity in the caudate (increased)
or putamen, globus pallidus and thalamus (decreased) was signif-
icantly associated with severity of tics in the preceding month.
Thus alpha-2 agonists may enhance prefrontal corticostriatal cir-
cuits and contribute to tic suppression. Children with ADHD may
have delayed maturation of the frontal cortex (Shaw et al., 2007).
The proposed enhancement of prefrontal function by the alpha 2
agonists may explain why this class of medications is more suc-
cessful in reducing tics in children with co-existing ADHD. These
neurobiological clues raise intriguing questions about the mech-
anism of behavioral interventions and the common practice of tic
suppression in patients with TS (Verdellen et al., 2004, 2007, 2008).

There are several limitations of our meta-analysis that war-
rant mention. Our meta-analysis had a small number of trials with
large differences in sample sizes, which limited our power to detect
the effects of moderators and publication bias. This lack of power
may be particularly important when comparing the effect sizes of
clonidine and guanfacine (or between antipsychotic agents). Some
researchers have hypothesized that clonidine and guanfacine may
have different side effect profiles and efficacy for treating ADHD
and tics based on differences in affinity for subtypes of alpha-2
adrenergic receptors (Arnsten, 2010). This meta-analysis is under-
powered to detect even fairly large differences in efficacy in treating
tics between these two agents. Head-to-head trials may be used
to compare efficacy and adverse effects between two medications.
However, results of active comparator trials are often ambiguous
(Leon, 2011). Unfortunately, the finding of no difference does not
prove no difference. Moreover, investigators often fail to articulate
whether the head-to-head trial is a test of superiority, equiva-
lence or non-inferiority. In the absence of a clearly stated purpose,
the results are difficult to interpret — as in the case of the active
comparator trials reviewed here. Similar problems relate to the
comparison of different antipsychotic agents as well. Meta-analysis
is also not the best tool to examine the impact of moderating
variables because potential moderating variables are often cor-
related within trials. For example, the trials in our analysis that
contained smaller samples and had longer durations also tended
to include patients with ADHD. It is difficult to disentangle the
effects of publication bias, ADHD, initial disease severity and trial
duration separately in this context. We also intended to exam-
ine the effects of medication on motor and vocal tics separately
but were unable to do so because these data were not uniformly
reported across trials. A related issue is that some of the trials
included in the review did not specify tic severity as the primary
outcome. Although three trials clearly focused on ADHD as the pri-
mary outcome and tics severity was generally mild in these trials
(Tourette’s Syndrome Study Group, 2002; Singer et al., 1995; Scahill
et al,, 2001) other trials were less clear about the primary out-
come (Cummings et al., 2002). Larger randomized trials with tic
severity as the primary treatment target are needed to improve the
precision of the measured effects of the alpha-2 agonists on tics.
Additional studies will also be needed in order to draw any firm
conclusions about the relative benefits of these agents in adults
with TS accompanied by ADHD given that only one study included
adult subjects.

Our meta-analysis suggests that antipsychotic agents have
the greatest demonstrated effect of reducing tics in randomized,
placebo-controlled trials. Our meta-analysis and our comparison of
treatments available for patients with tics concentrated solely on
efficacy. Treatment decisions for patients with tics must be based
on considering both the risks and the benefits of any intervention.
Antipsychotics agents have a considerably worse side-effect profile

compared to alpha-2 agonist medications and behavioral therapy.
Alpha-2 agonists demonstrated similar or slightly larger benefit
in reducing tics but only among subjects with comorbid ADHD.
Alpha-2 agonists demonstrated minimal benefits in reducing tics
in subjects without ADHD. This meta-analysis highlights the need
for further research into effective treatments for tics and to quan-
tify how well commonly used existing treatments work. Clinical
trials that examine agents with novel mechanisms of action are
urgently needed. Candidate mechanisms of action that are of par-
ticular interest in TS include histaminergic agents (Ercan-Sencicek
et al., 2010; Fernandez et al., 2012), dopamine 1 receptor antag-
onists such as ecopipam, glutamatergic compounds (Singer et al.,
2010) and endocannabinoids (Muller-Vahl et al., 2003). Treatment
guidelines for TS currently recommend the use of antipsychotic
agents such as aripiprazole and fluphenazine, which have not been
tested in double-blind, placebo-controlled trials. Similarly, guide-
lines recommend alpha-2 agonists as the first-line pharmacological
treatment for tics in most patients despite the meager evidence.
This recommendation appears to be driven by concern about the
use of antipsychotic medications in TS.
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