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Abstract

Objectives: The primary aim of the study was to evaluate the effectiveness and tolerability of open-label olan-
zapine on motor and vocal tics in children and adolescents with Tourette syndrome (TS). Secondary aims in-
cluded assessing the response of TS-associated disruptive behaviors to olanzapine exposure.
Method: Twelve children and adolescents (mean age 11.3 � 2.4 years, range 7–14 years) with Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th edition (DSM-IV) TS were enrolled in a single-site, 6-week, open-label,
prospective, flexible-dose design in outpatients receiving monotherapy with olanzapine. Standardized ratings
of tic symptoms, disruptive behaviors, and aggression were obtained, along with adverse events and safety
data.
Results: Over the 6-week trial, olanzapine administration was associated with a significant decrease in total tic
severity as measured by the Yale Global Tic Severity Scale (30% reduction by week 6; effect size 0.49). A sig-
nificant majority of subjects were rated as “much improved” or “very much improved” on the Clinical Global
Impressions–Improvement Scale (GCI-I) by both clinicians (67%; 8/12) and parents (64%; 7/11). Attention-
deficit/hyperactivity disorder (ADHD) symptoms showed significant improvements from baseline for both
inattention (33% decrease) and hyperactive/impulsivity (50% decrease) scores (effect sizes 0.44 and 0.43, re-
spectively). Aggression was also decreased as assessed by fewer numbers of aggressive episodes on the Overt
Aggression Scale (OAS). Little change in anxiety symptoms was noted. The most widely reported side effects
were drowsiness/sedation and weight gain; adverse events were generally well tolerated. Mean weight gain
of 4.1 � 2.0 kg was observed over the 6-week trial, a mean percent change of 8.4 � 4.4 (p � 0.001).
Conclusions: Additional studies of the benefits of olanzapine treatment for tic control as well as the commonly
associated co-morbid features of TS are indicated, especially if approaches to predict or minimize weight gain
can be determined.
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Introduction

TOURETTE SYNDROME (TS) is a childhood-onset neuropsy-
chiatric disorder characterized by chronic and impairing

motor and vocal muscle movements or tics, which are in-
voluntary, chronic, and repetitive in nature. Tics are likely
to vary in frequency and severity over time; impairment can
consist of subjective distress, interference with activities, so-
cial impact, and occasional physical morbidity (McCracken
1999; Leckman et al. 2006). Prevalence of TS has been esti-
mated between 0.05% to 3%, and usually has a familial com-

ponent (Freeman et al. 2000). Onset of TS occurs in child-
hood, and is more prevalent in males than females, estimated
in a ratio of 4.3:1 worldwide (Freeman et al. 2000; Stephens
et al. 2004). Tic severity usually peaks in preadolescent years
and tends to decrease after adolescence in the majority of in-
dividuals (Leckman et al. 2006).

Increasing awareness of the clinical complexity of TS and
associated features has led to the recognition of the high fre-
quency of associated co-morbid psychopathology. Co-mor-
bidity, including attention-deficit/hyperactivity disorder
(ADHD), oppositional defiant disorder (ODD), conduct dis-
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order, rage episodes, aggression, obsessive compulsive dis-
order (OCD), and other emotional disorders are often more
debilitating than the tics themselves, and they compound the
significant social and behavioral difficulties in children with
TS (McCracken 1999; Kadesjo et al. 2000; Freeman et al. 2000;
Stephens et al. 2004).

Clinical treatment of TS is also often complicated by the
high frequency of difficult-to-tolerate side effects and lim-
ited behavioral improvement afforded by treatment with
many agents, such as the conventional neuroleptics. Combi-
nation treatments are often employed in an effort to manage
multiple problem behaviors, including co-morbid symp-
toms. More recently, interest in the possible benefits of atyp-
ical antipsychotics for TS has increased, with initial studies
suggesting possible superiority of second-generation or
atypical neuroleptics over conventional neuroleptics (Sallee
et al. 2000; Scahill et al. 2003). Overall, however, few sys-
tematic studies have been performed with these agents, and
fewer still have attempted to broadly assess medication ef-
fects on associated features of TS, leaving significant uncer-
tainty as to the actual efficacy and tolerability of many of the
atypical antipsychotics for TS.

Olanzapine has been suggested as another option in the
treatment of TS, due to its apparent tic reduction effects and
its relative tolerability at least as seen in adults (Budman et
al. 2001). However, few clinical trials or reports have at-
tempted to sensitively measure the impact of olanzapine
treatment for TS on associated co-morbid behavioral and
emotional symptoms in addition to the response of motor
and vocal tics per se. One report noted significant olanzap-
ine-related reductions in measures of aggression derived
from the Child Behavior Checklist in 10 children with TS
(Stephens et al. 2004), although the magnitude of change was
small (11–16%). Therefore, the purpose of this pilot investi-
gation was to gather additional systematic information on
the potential therapeutic effects and tolerability of olanzap-
ine as a broader treatment for the range of psychopatholog-
ical behaviors associated with TS, in addition to motor and
vocal tic symptoms and impairment.

Methods

Design

This was a single site, 6-week, open label flexible dose de-
sign in outpatients with Tourette disorder according to the
Diagnostic and Statistical Manual of Mental Disorders, 4th edi-
tion (DSM-IV) (American Psychiatric Association 1994) re-
ceiving monotherapy with olanzapine. All subjects had a
comprehensive psychiatric and medical assessment, and, if
enrolled, underwent a screening period of 7–14 days for com-
pletion of baseline ratings and assessment.

Inclusion and exclusion criteria

Subjects were recruited from successive referrals to the
UCLA Child Obsessive Compulsive Disorder and Related
Disorders Program and the UCLA Semel Institute for Neu-
roscience and Human Behavior, as well as through adver-
tisement in local media and referrals from local mental health
facilities and medical professionals. Enrollment took place
from February, 2003, to March, 2005. All subjects were re-
quired to meet the following inclusion criteria: (1) between

the ages of 7 and 17 years; (2) DSM-IV diagnosis of TS; (3)
minimum body weight of greater than or equal to 25 kg; (4)
outpatient status and not believed to require inpatient hos-
pitalization during the course of the study; (5) minimum Na-
tional Institute of Mental Health (NIMH) Clinical Global Im-
pressions–Severity (CGI-S) score of moderately ill or greater
severity (�rating of 4); (6) normal screening medical history
and physical examination; and (7) patient and
parent/guardian must provide written informed consent (or
assent).

Subjects were excluded from participation in the study if
they had one or more of the following exclusion criteria: (1)
Prior adequate treatment with olanzapine; (2) hypersensi-
tivity to olanzapine; (3) need for co-morbid psychotropic
medication during the study period or required concurrent
medication that effects tics; (4) presence of significant co-
morbid medical illness; (5) history of seizure disorder; 6) co-
morbid psychotic disorder (schizophrenia disorder, schizo-
phrenia, schizoaffective disorder, psychotic disorder, not
otherwise specified); (7) history of substance or alcohol abuse
or dependence within 6 months of screening; (8) pregnancy,
lactation, or positive pregnancy test; (8) absence of accept-
able contraceptive method for sexually active females; (9) de-
tection of pregnancy during the study, which would have
led to withdrawal from the study; (10) concurrent behavioral
treatment for tic symptoms during the 6-week treatment pe-
riod.

The study protocol was approved by the UCLA Human
Subjects Protection Committee. All subjects and their parent
or guardian were given written informed consent or assent
along with a detailed explanation of the procedures before
participating in the trial.

Visits and outcome measures

Subjects were diagnosed using the Anxiety Disorders In-
terview Schedule for DSM-IV, Research and Lifetime Ver-
sion for Children and Parents (ADIS-RLV) (Silverman and
Albano 2002), an expanded version of the ADIS-IV-PC (Sil-
verman and Albano 1996) containing modules covering dis-
ruptive disorders, bipolar disorder, tic disorders, pervasive
developmental disorders, and substance abuse disorders.
The ADIS-IV, on which the ADIS-RLV is based, possesses
favorable psychometric properties including strong
test–retest reliability (� � 0.76), interrater reliability (parent
r � 0.98, child r � 0.93), and concurrent validity (McCracken
1999; Wood et al. 2002). The assessment of TS was augmented
by the use of the Tic Disorders supplement of the Schedule
for Affective Disorders and Schizophrenia for School-Age
Children–Present and Lifetime Version (K-SADS-PL) (Kauf-
man et al. 1996), and impairment was required for the TS di-
agnosis given the treatment-related nature of the study.

Symptom severity was rated by clinical personnel. Per-
sonnel used measures that included the SNAP IV (Swanson,
Nolan and Pelham Questionnaire revision, Parent), the Overt
Aggression Scale (OAS), Children’s Psychiatric Rating Scale,
the Yale Global Tic Severity Scale (YGTSS) (Leckman et al.
1989), and the Multidimensional Anxiety Scale for Children
(MASC). Initial medical evaluation consisted of a detailed
past medical history and physical examination to rule out
medical illnesses, pregnancy, and illicit drug/alcohol use.
Lab tests were conducted and included hematology, hemo-
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globin, hematocrit, platelet count, clinical chemistry, and
routine urinalysis. In addition, an electrocardiogram (EKG)
was done to rule out any preexisting cardiac conditions.

Following the baseline evaluation, subjects were seen
weekly according to a 7-day plus or minus 3-day period for
repeated evaluation and dosage titration. Weekly assessment
schedules included the CGI-S and –Improvement Scale (CGI-
I) completed by study physicians (J.M., R.S.). In addition, at
baseline and on weeks 2, 4, and 6, the YGTSS was rated by
one experienced rater trained to reliability (S.C.) and blinded
to dosing and adverse events. The SNAP IV–Parent Scale,
the IOWA Parent Conners’ Inattention/Overactivity, IOWA
Aggression/defiance and Conners’ Index, OAS, and the
MASC were conducted at the initial week and at weeks 2, 4,
5, and 6. Each weekly visit also included the recording of
side effects and adverse events. Adverse events information
was collected from parent and subject, via spontaneous re-
port, and by physician examination. Laboratory tests were
repeated at week 6 or end of trial.

Dosing schedule

Subjects received medication in the form of 2.5-mg olanza-
pine tablets, in a flexible dosing schedule as recommended by
the manufacturer (see Table 2). For patients who weighed
equal to or less than 40 kg, the starting dose was 2.5 mg every
other day for 3 days, which was increased to 2.5 mg every day
for the remainder of the week as needed. Dosing was in-
creased to 5 mg/day by week 2 for subjects that required ad-
ditional medication. Subsequent dosing adjustments were
made in 5-mg increments every 7 days as needed, up to a max-
imum dose of 20 mg/day. For patients who weighed more
than 40 kg, the starting dose was 2.5 mg every day for 3 days,
which was increased to 5 mg every day for the remainder of
the week as needed. Dosing was increased to 10 mg/day by
week 2 for subjects that required additional medication. As
with the patients weighing equal to or less than 40 kg, subse-
quent dosing adjustments were made in 5-mg increments
every 7 days as needed, up to a maximum dose of 20 mg/day.
Dosage reductions were made at any time throughout the trial
for all patients, as clinically indicated based on occurrence of
adverse events of moderate severity or greater. At the end of
the study, subjects provided with options for subsequent treat-
ment at UCLA or community facilities.

Data Analyses

Objectives

The primary objective of the study was to demonstrate the
open-label effectiveness of olanzapine on motor and vocal
tic symptoms in children and adolescents with TS receiving
olanzapine. Secondary objectives included: (1) gathering in-
formation on effective dose ranges for effects on both tic and
associated behavioral symptoms; (2) evaluating the short-
term safety of olanzapine in children and adolescents with
TS; (3) assessing the effectiveness of olanzapine on the asso-
ciated symptoms of overactivity, aggression, and other dis-
ruptive behaviors.

Statistical methods

Motor and vocal tic symptom severity, as measured by
YGTSS Motor and Vocal subscale and Total Scores, were

evaluated over the course of the 6-week trial using a general
linear models repeated measures design, analyzing both
within- and between-subjects effects. When sphericity could
not be assumed, a Greenhouse–Geisser epsilon was used,
based on the sample size of the study. A mixed models re-
gression design was used to evaluate effective dosage ranges
for olanzapine on tic and associated behavioral symptoms.
Adverse effects were evaluated by descriptive statistics. In
addition, weight gain was examined as a primary side effect
and was compared from baseline to week 6, using paired t-
tests and a one sample t-test based on percent change from
baseline values. The efficacy of olanzapine on: (1) the SNAP-
IV rating scale items of ADHD Inattention, ADHD Hyper-
activity, ODD, IOWA Inattention/ overactivity, IOWA Ag-
gression/defiance and Conner’s Index and (2) child and
parent reported MASC scale items of Physical symptoms,
Harm Avoidance, Social Anxiety, and Separation Anx-
iety/Panic were both evaluated using a general linear mod-
els repeated measures design, examining within- and be-
tween-subject effects. The Bonferroni or Tukey correction
method was used to correct for multiple comparisons, with
calculated corrections based on number of tests per analysis
subcategory (e.g., motor tic category, vocal tic category, etc.).
Effect sizes (Cohen d) were also calculated to estimate the
strength of the observed treatment effect using baseline ver-
sus final values. Means and standard deviations were cal-
culated for continuous variables, such as age. A significance
level of 0.05 was used for all statistical tests. Analyses were
performed using SPSS version 13.0.

Results

A total of 12 subjects were enrolled (mean age � standard
deviation [SD], 11.33 � 2.35 years; age range 7–14; 11 males, 1
female). Two subjects were Hispanic, one was African-Amer-
ican, and the remaining subjects were Caucasian. All 12 sub-
jects provided data over 6 weeks of the study and were used
for analyses. Of the 12 subjects enrolled in the study, 4 (33.3%)
had previously taken clonidine for TS treatment, 3 (25%) had
prior risperidone or haloperidol treatment, and 3 (25%) had re-
ceived other forms of psychotropic medication for non-tic
symptoms. Six (50%) had no prior medication treatment for
TS. No subject was withdrawn from an effective treatment.

In this study, all subjects (100%) had at least one co-mor-
bid diagnosis at baseline visit (see Table 1). Of the 12 sub-
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TABLE 1. PERCENTAGE OF TOURETTE SYNDROME

SUBJECTS BY CO-MORBID DIAGNOSES

Co-morbid diagnosis Percent

Attention-deficit/hyperactivity disorder 66.67
Social phobia 33.33
Generalized anxiety disorder 25.00
Obsessive compulsive disorder 25.00
Oppositional defiant disorder 25.00
Pervasive developmental disorder/other 16.67
Anxiety disorder NOS 8.33
Conduct disorder 8.33
Dysthymia 8.33

Reported co-morbid diagnoses and percentage occurrence in
study sample (n � 12).

NOS � not otherwise specified.



jects, 8 (66.7%) had two co-morbid diagnoses, 3 (25%) had
three co-morbid diagnoses, and 3 (25%) had four or more co-
morbid diagnoses. Nine of the 12 subjects (75%) met criteria
for at least one disruptive behavior disorder (ADHD, ODD,
or CD). The most commonly occurring co-morbid diagnosis
was ADHD (67.7%), followed by social phobia (33.3%).

Primary outcome measure: Effectiveness of olanzapine of
motor and vocal tic symptoms

Statistically significant pre–post treatment decreases were
noted for all motor tic category variables with repeated mea-
sures analyses: number (f � 2.91, df � 6, p � 0.015), fre-
quency (f � 3.69, df � 6, p � 0.003), intensity (f � 2.55, df �
6, p � 0.029), complexity (f � 2.41, df � 6, p � 0.037) inter-
ference (f � 2.71, df � 6, p � 0.021) and severity (f � 3.36,
df � 6, p � 0.006). Repeated measures analyses of the vocal
tic categories showed statistically significant changes from
baseline across to week 6 ratings in interference (f � 2.53,
df � 6, p � 0.03) and a trend toward significance in vocal tic
severity scores (f � 1.963, df � 6, p � 0.085).

Total tic categories were calculated by summing motor
and vocal tic scores. Significant drops in total tic frequency
(f � 2.93, df � 6, p � 0.014), intensity (f � 2.29, df � 6, p �
0.047), interference (f � 3.36, df � 6, p � 0.006), impairment
(f � 6.45, df � 7, p � 0.001), and total tic severity (f � 3.12,
df � 6, p � 0.01) were observed. Effect sizes were calculated
for each of the motor, vocal, and total tic variables. The ef-
fect sizes indicate a small-to-moderate effect size for all cat-
egories, the smallest at 0.19 for vocal tic complexity and the
largest at 0.52 for global severity.

Secondary outcome measure 1: Effectiveness of
olanzapine on associated symptoms of overactivity,
aggression, and other disruptive behaviors

To assess the effectiveness of olanzapine on overactivity,
aggression, and other disruptive behaviors, categories from
the parent version of the SNAP IV Rating Scale were used.
The SNAP IV Scale categories included: ADHD Inattention,
ADHD Hyperactivity/Impulsivity, ODD, Inattention/Over-
activity, Aggression/Defiance, and Conner’s Index. General
linear model repeated measures analyses identified statisti-
cally significant within-subject decreases for all parent SNAP
Rating Scale categories: ADHD Inattention (f � 7.19, df � 4,
p � 0.001), ADHD Hyperactivity/ Impulsivity (f � 10.69,
df � 4, p � 0.001), ODD (f � 5.65, df � 4, p � 0.001), Inat-
tention/Overactivity (f � 8.97, df � 4, p � 0.002), Aggres-
sion/Defiance (f � 4.17, df � 4, p � 0.009), and Conner’s In-
dex (f � 8.62, df � 4, p � 0.001).

Analysis of total OAS score indicated that no significant
within subject differences existed for overall OAS score.
When analyzing the number of episodes, as defined by the
OAS Scale, statistically significant between-subject (f �
10.19, df � 1, p � 0.02) decreases existed.

Both child and parent reported anxiety scores were mea-
sured using the MASC. The four scales evaluated were the
Physical Symptoms, Harm Avoidance, Social Anxiety, and
Separation Anxiety/Panic. Repeated measure analyses of
these scales showed a significantly lower score in child 
reported Physical Symptoms across treatment weeks 
(f � 2.69, df � 4, p � 0.05), however all other scores did not
differ.

Secondary outcome measure 2: Short-term safety of
olanzapine in children and adolescents

A repeated measures analysis of side effect data indicated
that all 12 subjects receiving olanzapine experienced an in-
crease in weight over the 6-week trial period (f � 27.32, df �
6, p � 0.001). The mean percent change from baseline to week
6 was 8.4 � 4.4 (t � 6.55, p � 0.001). In addition, a paired t-
test showed a significant increase between initial and final
body mass index (BMI) measurements (t � �2.885, df � 5,
p � 0.03). Other common side effects included drowsiness
(see Table 4), increased appetite, and sedation. From base-
line to week 6, a significant increase was observed in heart
rate (73 vs. 86, respectively, t � 3.16, p � 0.009). Systolic
blood pressure showed an increase that was not significant
(110 vs. 117, respectively, t � 2.07, p � 0.063). Diastolic pres-
sure showed no change. Paired t-tests of pre- and week-6
nonfasting lab results showed several statistically significant
changes from baseline (see Table 5), but none was deemed
clinically significant (all values within normal ranges). No
significant changes in nonfasting glucose, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), or
triglycerides concentrations were observed.

Secondary outcome measure 3: Dosage effects on both
tic and associated behavioral symptoms

Two of the 12 subjects (16.7%) decreased olanzapine dos-
age at some time between first and last visit, one for enure-
sis and the other for excessive sedation. Mean final daily dos-
age was 11.3 � 5.6 mg/day (range 2.5–20 mg). Absolute
daily dosage was not significantly correlated with pre-post
treatment changes on any of the tic measures. A mixed-
model regression using week, dosage, and week by dosage
interaction indicated no significant effect on any motor, vo-
cal, or total tic categories.
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TABLE 2. DOSING SCHEDULE DURING STUDY ENROLLMENT

Week 1

Weight limit First 3 days Next 4 days Week 2 Weeks 3–6

Subject �40 kg 2.5 mg QOD 2.5 mg QD as needed 5 mg QD as needed 5–20 mg QD as needed
Subject �40 kg 2.5 mg QDO 5 mg QD as needed 10 mg QD as needed 10–20 mg QD as needed

Olanzapine dosing schedule for subjects during study trial. Dosing was based on weight of child and severity of Tourette syndrome 
symptoms.

QOD � every other day; QD � daily.



Discussion

In our open-label, acute treatment trial of children and
adolescents with moderate to severe TS, olanzapine admin-
istration was associated with noticeable improvement on di-
mensional measures across a variety of symptomatic areas,
including reduced total tic frequency, intensity, interference,

impairment, and severity; decreased disruptive behavior;
and reduced frequency of aggressive outbursts. Paralleling
these findings were the global ratings of significant im-
provement in over 64% of subjects as rated by both parents
and clinicians, indicative of meaningful clinical change dur-
ing the 6-week study period. In general, these data replicate
and extend prior observations from similar reports suggest-
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TABLE 3. SYMPTOM MEASURES AT BASELINE AND WEEK 6 FOR 12 SUBJECTS TREATED WITH OLANZAPINE

Effect size
Baseline End of trial Within subjects (baseline to end)

(mean  SD) (mean  SD) p value of trial)

YGTSS–Motor Tic Category
Number 4.33 � 0.49 3.08 � 1.73 0.015** 0.44
Frequency 4.75 � 0.62 3.58 � 1.83 0.003** 0.39
Intensity 3.75 � 0.75 2.58 � 1.51 0.029** 0.44
Complexity 3.33 � 0.78 2.42 � 1.24 0.037** 0.40
Interference 3.17 � 1.11 2.08 � 1.44 0.021** 0.39
Total Motor Tic Severity Score 19.33 � 2.61 13.75 � 7.06 0.006** 1.04

YGTSS–Vocal Tic Category
Number 2.17 � 1.19 1.58 � 1.00 0.222 0.26
Frequency 3.5 � 1.34 2.75 � 1.42 0.223 0.26
Intensity 2.83 � 1.33 2.08 � 1.24 0.389 0.40
Complexity 1.83 � 1.59 1.25 � 1.48 0.368 0.19
Interference 2.25 � 1.48 1.08 � 1.16 0.030** 0.40
Total Tic Severity Score 12.58 � 6.35 8.75 � 5.10 0.085* 0.67

YGTSS–Total Tic Category
Number 6.5 � 1.51 4.67 � 2.19 0.121 0.44
Frequency 8.25 � 1.54 6.33 � 2.77 0.014** 0.39
Intensity 6.58 � 1.68 4.67 � 1.92 0.047** 0.47
Complexity 5.17 � 1.90 3.67 � 1.67 0.135 0.39
Interference 5.42 � 1.83 3.17 � 2.17 0.006** 0.49
Total Tic Severity Score 31.92 � 7.39 22.50 � 9.37 0.010** 0.49

YGTSS–Overall Functioning Category
Overall Impairment Rating 33.33 � 10.73 20.50 � 13.73 �0.001*** 0.46
Global Severity 65.25 � 14.12 43.00 � 21.47 �0.001*** 0.52

SNAP IV Rating Scale Category–Parent
ADHD Inattention 1.92 � .67 1.29 � 0.62 �.001*** 0.44
ADHD Hyperactivity/Impulsivity 1.39 � .87 0.69 � 0.59 �0.001*** 0.43
ODD 1.27 � .88 0.61 � 0.39 0.001*** 0.43
Inattention/Overactivity 1.93 � .73 1.22 � 0.71 0.002*** 0.45
Aggression/Defiance 1.25 � .65 0.67 � 0.42 0.009*** 0.47
Conners’ Index 1.46 � .56 0.90 � 0.51 �0.001*** 0.46

OAS score
Total 15.82 � 24.31 7.58 � 11.71 0.199 0.43
Number of episodes 2.91 � 3.42 1.33 � 1.5 0.011** 0.59

MASC score–Child
Physical Symptoms 52.75 � 11.07 48.58 � 11.23 0.047** 0.37
Harm Avoidance 51.92 � 10.05 47.83 � 10.6 0.681 0.50
Social Anxiety 58.50 � 11.18 57.83 � 14.31 0.822 0.05
Separation Anxiety/Panic 56.75 � 11.55 57.50 � 10.15 0.110 0.07
Total Score 56.67 � 11.71 53.50 � 11.34 0.331 0.28

MASC score–Parent
Physical Symptoms 47.73 � 7.30 48.42 � 8.44 0.251 0.09
Harm Avoidance 48.27 � 10.01 46.83 � 12.94 0.551 0.12
Social Anxiety 60.64 � 10.98 59.92 � 9.36 0.134 0.07
Separation Anxiety/Panic 56.27 � 9.87 53.08 � 10.17 0.236 0.32
Total Score 53.91 � 10.06 53.67 � 9.55 0.316 0.02

Means, standard deviations, p values, and effect size. Weekly comparison of motor tic, vocal tic, total tic, impairment, global severity, 
parent SNAP-IV subcategory scores, and OAS Scores using repeated measures analyses. Indicated p values are post-Bonferroni correction.
N � 12. SNAP scores are presented as average score per individual item.

SD � standard deviation; YGTSS � Yale Global Tic Severity Scale; SNAP IV � Swanson, Nolan and Pelham Questionnaire revision;
OAS � Overt Aggression Scale; MASC � Multidimensional Anxiety Scale for Children.

**less than .05; ***less than .001.



ing that olanzapine can exert beneficial effects on tics in in-
dividuals with TS (Budman et al. 2001; Stephens et al. 2004).

The magnitude and significance of effect of olanzapine on
measures of tic severity was in line with an array of other
medications. Olanzapine was associated with a statistically
significant decrease in the YGTSS Total Tic score of 30%,
comparable to that reported for ziprasidone (35%; Sallee et
al. 2000), risperidone (21–42%; Gaffney et al., 2002; Scahill et
al., 2003; Gilbert et al. 2004), and pimozide (21%; Gilbert et
al. 2004). Although our sample would not be considered to
be “treatment resistant,” by virtue of only a moderate de-
gree of exposure to prior treatments (including 50% without
prior treatment), it was notable for displaying a baseline
severity of tics greater than that seen in most other child med-
ication treatment of tics observations, as well as more promi-
nent variability. Both of these characteristics may have con-
tributed to the observation of somewhat less robust effect
size estimates for olanzapine’s impact on tics (d � 0.49) ver-
sus some prior reports. Nevertheless, overall clinical im-
provement rates (67% and 64% much or very much im-
proved as rated by study physician or parent, respectively)
were also comparable to those noted with other medications.
Taken together with the significant drop in YGTSS Impair-
ment ratings, these data suggest that the overall clinical ben-
efit for tic control per se is meaningful. Although unknown,
the mechanism of these effects may be via antagonism of do-
pamine 2 (D2) receptors, given olanzapine’s moderate bind-
ing affinity for the receptor (Ki 20 nM) (Duncan et al. 1999).

An important aim of this study was to evaluate the pos-
sible broader effectiveness of olanzapine on commonly co-
occurring disruptive behavior in TS. Indeed, two thirds of
our sample met categorical criteria for ADHD, and average

dimensional ratings of ADHD symptoms for the entire sam-
ple were at or above usual cutoffs for clinical significance.
We observed robust decreases in parent ratings of disrup-
tive behaviors, particularly hyperactive-impulsive behav-
iors, where we noted a 50% decrease (effect size estimate
0.49) from baseline to week 6 of olanzapine on the SNAP-IV
Hyperactive-Impulsive items as rated by parents, compara-
ble to decreases associated with methylphenidate treatment
of ADHD in children (MTA Cooperative Group 1999).
Though less pronounced, parent ratings of SNAP-IV Inat-
tentive symptoms decreased by 33% from baseline (as com-
pared to a 45% decrease in the MTA Study with
methylphenidate), and the number of aggressive episodes as
reported on the OAS also declined. Our findings of decreases
in several domains of disruptive behavior significantly ex-
pand on the observation (Stephens et al. 2004) that scores on
the aggression subscale of the Achenbach Child Behavior
Checklist (primarily containing oppositional defiant behav-
iors) was decreased with olanzapine treatment.

Given that disruptive behaviors in TS often form the pri-
mary source of impairment and strain, we believe olanzap-
ine’s beneficial effects are potentially clinically important. It
should be noted that the few other studies that reported on
the effects of tic-suppressing agents on disruptive behavior
either found no significant change, such as with metoclo-
pramide (Nicolson et al. 2005), or more limited improve-
ments, such as guanfacine treatment reducing hyperactive-
impulsive symptoms by 27% from baseline in a sample of
children with ADHD and less severe tic disorders (Scahill et
al. 2001). Thus far, we are unaware of other tic disorder
monotherapies demonstrated to display comparable effects
on disruptive behaviors as what we have observed for olan-
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TABLE 5. LAB REPORT COMPARISON BETWEEN INITIAL AND FINAL VISIT

Lab test Initial value Final value Mean difference (� SD) p value

Albumin 4.23 4.03 0.20 0.001
ALT 20.33 30.42 10.09 �0.001
AST 27.42 30.75 3.33 0.028
Cholesterol 150.1 163 12.9 0.011
Creatinine 0.59 0.525 �0.07 0.005
Phosphorus 5.01 5.56 0.55 0.024

Paired t-test analysis of lab results at initial and final visits. Only significant differences from lab results are shown. None of the changes in
measurements were deemed clinically significant (all within lab normal ranges). Uncorrected p values are represented (n � 12).

ALT � alanine aminotransferase; AST � aspartate aminotransferase.

TABLE 4. FREQUENCY OF REPORTS OF DROWSINESS/SEDATAION DURING 6-WEEK EXPOSURE TO OLANZAPINE

Drowsiness Mild percentage Moderate/severe percentage

Week 1 58.3% 8.3%
Week 2 58.3% 25.0%
Week 3 58.3% 25.0%
Week 4 75.0% 0.0%
Week 5 75.0% 0.0%
Week 6 83.3% 16.7%
Cumulative percentages (all weeks) 100.0% 50.0%

Percentage of patients who reported drowsiness as a side effect, separated by week and severity of symptom.
Cumulative percentage refers to all patients from all weeks who reported drowsiness as a side effect (n � 12).



zapine. It was of interest that we documented little if any
change in various symptoms of anxiety, another common co-
morbidity in TS.

In this acute trial, olanzapine was reasonably tolerated, as
11 of 12 (92%) of subjects were able to complete the proto-
col, and adverse events were generally mild to moderate in
severity. However, a significant increase in BMI and an av-
erage weight gain of 4 kg (range 1.1–7.7 kg) were noted dur-
ing the 6-week period, quite consistent with other reports of
olanzapine administration in TS and other child clinical pop-
ulations (Malone et al. 2001; Stephens et al. 2004). It is un-
clear if the rate of weight increase seen in the 6-week acute
trial would continue over a longer treatment period; if so,
this would clearly constitute a clinical concern in many chil-
dren as exceeding the rate of developmentally expected
weight gain. Drowsiness as an adverse event was experi-
enced by all subjects, but this was rated mild in the major-
ity of cases. Drowsiness was noted much more commonly in
weeks 1–3 versus weeks 4–6 of exposure, suggesting the pos-
sibility of habituation to this effect. In addition, we noted a
modest but significant increase in pulse (	13 beats per
minute [bpm]), and a trend for an increase in systolic blood
pressure (	 7.25 mmHg) from baseline to week 6 of olanza-
pine. Cardiovascular parameters remained in normal ranges.
We are unaware of any similar reports of such cardiovascu-
lar effects of olanzapine, as no effects were found in prior
publications (Malone et al. 2001; Stephens et al. 2004), and
can only speculate that olanzapine’s affinity for the mus-
carinic 1 (m1) receptor may relate to such effects (Duncan et
al. 1999) if they are replicated. Although no clinically signif-
icant laboratory abnormalities were noted during olanzap-
ine exposure, our observations were limited by our not ob-
taining fasting lab values.

For both clinical effectiveness and adverse effects such as
weight gain, variability in response was apparent. At pres-
ent, there are no established predictors of treatment efficacy
or tolerability, so the observed variation of olanzapine effect
from individual to individual is unexplained. Additional

larger-scale studies hold the promise of identifying moder-
ators and mediators of treatment effects, which could aid in
the selection of treatments.

The results from this preliminary study are limited by our
small sample size, the absence of a placebo control, the need
for more structured adverse event assessments, and a total
study observation period of only 6 weeks. Longer treatment
duration could better inform on tolerability of the treatment,
on the durability of the response, and whether the short-term
improvements noted are associated with other important
longer-term outcomes, such as reduced need for concomi-
tant medications, improved school performance, and parent
or family satisfaction. As awareness of the potential impor-
tance of metabolic adverse events has increased since the
time our study was conducted, we would concur with the
recommendations for more systematic monitoring of ex-
trapyramidal symptoms (such as with the Abnormal Invol-
untary Movement Scale), adverse events, fasting metabolic
parameters, and prolactin (Correll 2008). Although the dos-
age used in this study was moderate, the design was not suf-
ficient to assess either minimum or optimal dosing given the
delimited trial length. Other trial designs using fixed-dose
assignments and longer-term treatment periods could assist
in better determining the best range of olanzapine doses for
application to the treatment of TS. At present, there are few
controlled trials of drug treatments for TS, and the modest
number of controlled trials themselves are small. Given the
possible benefits of olanzapine for this often complicated
condition, more research efforts are needed to delineate a
fully evidence-based approach to the comprehensive treat-
ment of TS and related disorders.
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FIG. 1. Mean total YGTSS scores and standard deviations at baseline and over the six weekly visits of the clinical trial
(n � 12).
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