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Abstract
Introduction: Gilles de la Tourette syndrome (GTS) is a neuropsychiatric disorder that is characterized by motor
and vocal tics and psychiatric comorbidities, including attention deficit/hyperactivity disorder (ADHD) and
obsessive-compulsive behavior/disorder (OCB/OCD). From anecdotal reports and preliminary controlled studies,
it is suggested that cannabis-based medicine (CBM) may improve tics and comorbidities in adults with GTS. This
study was designed to further investigate efficacy and safety of CBM in GTS and specifically compare effects of
different CBM.
Materials and Methods: First, we performed a retrospective data analysis including all those adult patients seen
at our clinic, who had used CBM for the treatment of GTS at some time. All these patients were asked to complete
an online survey (second study part) to receive more detailed data about treatment with CBM.
Results: From medical records, we identified 98 patients who had used CBM (most often street cannabis fol-
lowed by nabiximols, dronabinol, medicinal cannabis) for the treatment of GTS: Of the 38 patients who were
able to judge, 66% preferred treatment with medicinal cannabis, 18% dronabinol, 11% nabiximols, and 5% street
cannabis. Altogether, CBM resulted in a subjective improvement of tics (of about 60% in 85% of treated cases),
comorbidities (55% of treated cases, most often OCB/OCD, ADHD, and sleeping disorders), and quality of life
(93%). The effects of CBM appear to persist in the long term. Adverse events occurred in half of the patients,
but they were rated as tolerable. Dosages of all CBM varied markedly. Patients assessed cannabis (with a prefer-
ence for tetrahydrocannabinol [THC]-rich strains) as more effective and better tolerated compared with nabix-
imols and dronabinol. These data were confirmed by results obtained from the online survey (n = 40).
Conclusion: From our results, it is further supported that CBM might be effective and safe in the treatment of tics
and comorbidities at least in a subgroup of adult patients with GTS. In our sample, patients favored THC-rich
cannabis over dronabinol and nabiximols, which might be related to the entourage effect of cannabis. However,
several limitations of the study have to be taken into considerations such as the open uncontrolled design and
the retrospective data analysis.
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Introduction
Gilles de la Tourette syndrome (GTS) is a neuropsychi-
atric disorder that is characterized by motor and vocal
tics. It is often associated with psychiatric comorbid-
ities such as attention deficit/hyperactivity disorder
(ADHD), obsessive-compulsive behavior/disorder

(OCB/OCD), anxiety, rage attacks, sleeping disorders,
and depression.1 Pathophysiologically, most evidence
supports a ‘‘dopaminergic hypothesis’’ of GTS manifested
by an abnormal interaction between tonic and phasic do-
paminergic signaling, resulting in altered modulation of
cortico-striato-thalamo-cortical circuitry.2 Accordingly,
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antipsychotics are the most widely used drugs for the
treatment of tics.3,4 However, due to frequently associated
adverse events (AEs) and insufficient efficacy, many pa-
tients are dissatisfied and, therefore, seek for alternatives,
including self-treatment with cannabis.5,6 According to
surveys from Germany and Canada, street cannabis
leads to a tic reduction of about 60% in more than 80%
of patients.5,6 Remarkably, several patients report, in addi-
tion, an improvement of psychiatric comorbidities includ-
ing ADHD, OCD, anxiety, and rage attacks. Most often
reported AEs were a feeling of being ‘‘high,’’ decreased
concentration, increased anxiety, increased appetite, seda-
tion, irritability, and dry mouth and eyes.5,6

Until today, only two small randomized controlled
trials (RCT) have been carried out investigating the effi-
cacy and safety of dronabinol (tetrahydrocannabinol,
THC) in GTS.7,8 In both studies, dronabinol was supe-
rior to placebo and resulted in a significant tic reduction.
The most often reported AEs were tiredness, dry mouth,
dizziness, and muzziness. Only recently, single case stud-
ies have been published reporting on beneficial effects
similar to street cannabis and dronabinol after use of
the cannabis extract nabiximols (containing 2.7 mg
THC and 2.5 mg cannabidiol [CBD] per puff)9,10 and
medicinal cannabis (THC-rich strains),11,12 respectively.

Thus, from available data5–18 it is suggested that
cannabis-based medicine (CBM) is effective and well
tolerated in the treatment of GTS and improves tics
as well as a wide range of comorbidities. It is unclear,
however, whether different CBM and routes of intake
differ in efficacy and safety. With respect to long-
term treatment effects of cannabinoids, so far only lim-
ited data obtained from open uncontrolled case studies
are available.6,11 This study was designed to increase
our knowledge about the effectiveness and safety of
CBM in the treatment of GTS, particularly with respect
to differences between different CBM.

Materials and Methods
This study consisted of two parts: In the first part, we
included all those outpatient subjects with GTS, who
were seen at our Tourette outpatient clinic at Hannover
Medical School at least once between 2002 and 2017.
The following inclusion criteria were established: (1)
age ‡18 years and (2) CBM (either self-medication
with street cannabis or CBM prescribed by any medical
doctor) for the treatment of GTS at some time. The ex-
clusion criteria were: (1) age <18 years and (2) recrea-
tional use of cannabis. All patients included in the first
part were asked to participate in the second part. The

study was approved by the local ethics committee. All
patients gave written informed consent before entering
in the second part of the study.

Part 1: retrospective data analysis
About 1000 records of GTS patients were screened
(01–04/2017) and—if inclusion criteria were fulfilled—
analyzed regarding: (1) demographic data, (2) age at tic
onset, (3) tic severity according to the Shapiro Tourette
Syndrome Severity Scale (STSS, including 5 items quan-
tifying tic severity and interference, range, 0 = no tics–
6 = very severe tics19) at time of first consultation, (4)
psychiatric comorbidities according to a semi-structured
interview,1 (5) number of comorbidities (=comorbidity
score, range 0–8)20, (6) treatment for GTS (ever), and
(7) details about CBM treatment: type and number of
different CBM, duration of treatment, dosage, acute
and long-term beneficial effects on tics, comorbidities,
and further symptoms, acute and long-term AEs, differ-
ences between different CBM, and—where appropri-
ate—discontinuation of CBM treatment. As part of our
routine clinical work, we ask patients about subjective
improvements of different symptoms after taking CBM
expressed as a percentage. Thus, the effects of CBM treat-
ment on tics, comorbidities, and further symptoms were
based on these subjective assessments by patients.
Finally, we had a focus on information about formal,
legal, and logistical aspects related to CBM such as fi-
nancing, coverage of costs by health insurances, and ex-
istence of a license from the German Federal Institute for
Drugs and Medical Devices (BfArM) for legal self-
medication with cannabis (that was required for legal
use of cannabis in Germany before 03/2017).

Part 2: online survey
Patients were asked to complete an online survey (SoSci
survey, between 03 and 09/2017) to receive detailed data
about current treatment of GTS, including type, dura-
tion, and discontinuation of treatment, preferred
CBM, effects of CBM on tics, comorbidities, premoni-
tory urges, tic suppression, quality of life, AEs, route
of intake, and formal, legal and logistical aspects related
to CBM. The survey consisted of standard multiple- and
single-choice questions as well as Likert scales (ranging
from 1 = not at all to 10 = very strong) for assessing the
degree of improvement of tics, premonitory urge, and
quality of life. This survey was specially developed for
this study and does not constitute a validated assess-
ment instrument. All data were collected anonymously
in accordance with applicable data protection laws.
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Statistical analysis
Data analysis was performed as a chart analysis by using
Microsoft� Excel 16.6.1. Since some patients had used
more than one CBM, for specific questions, it was possible
to receive more than one answer from a single patient.
Therefore, in both study parts, ‘‘n’’ may refer either to
the number of patients or to the number of ‘‘statements’’
(always indicated). Statements were individual answers
on specific questions with a simple ‘‘yes’’ or ‘‘no’’ made
by patients who used more than one CBM and were able
to answer single questions regarding different substances.
We performed statistical group comparisons among pa-
tients who received different CBM based on retrospective
data of part 1. The analyzed variables were: subjective de-
gree of improvement (one-way analysis of variance
[ANOVA]), number of comorbidities, and number of fur-
ther symptoms (chi-square test). We carried out additional
post hoc comparisons on the ANOVA as well as on the
chi-square test. The contrasts for the ANOVA were com-
puted via the Tukey post hoc test, and the contrasts for the
chi-square test were computed via a method proposed by
Beasley and Schumacker.21 This nonparametric contrast
analysis is basically a contingency table analysis, which
consists of the following steps: A chi-square test of inde-
pendence is conducted between two variables of interest
under the null hypothesis that the frequencies of all cells
correspond to the product of the according row and col-
umn frequencies. In each cell, the actually observed fre-
quency is compared with the expected frequency and a
residual is being determined. In the further analysis, the
residuals of all cells are transformed into chi-square scores
and a p-value is determined. Finally, a Bonferroni correc-
tion is applied by taking into account the resulting num-
ber of comparisons.

Results
Part 1: retrospective analysis
We were able to identify 98 patients. Further clinical
characteristics are summarized in Table 1 (due to in-
complete data, numbers may vary).

Demographic characteristics. The majority of our pa-
tients had a school-leaving qualification (96%) or even
high level of education (64%) and completed vocational
training (49%) or were currently in education/training
(18%). Moreover, 45% of subjects were employed at the
moment of examination, 36% were unemployed, and
19% had retired.

Treatment with CBM. Before consultation, the pa-
tients received on average 5.8 (SD = 4.2) different

treatments for tics and comorbidities (range 0–20)
and 90% of patients had received treatment with at
least 1 antipsychotic. Twenty-five percent of patients
had initiated treatment with CBM already before
first consultation, another 20% specifically sought ad-
vice regarding CBM, and 26% of patients had received
a license from BfArM for legal self-medication with
cannabis. Sixty-nine patients (71%) had used street can-
nabis for the treatment of GTS at some time point, 36
(37%) nabiximols, 36 (37%) dronabinol, and 21 (22%)
medicinal cannabis (from pharmacy) (multiple answers
possible). Altogether, 29 patients (30%) had used a
combined treatment with CBM: Of these, 6 patients
(21%) used different CBM at the same time, and 22
(79%) used CBM and at least one other substance
(non-CBM). Half of the patients (n = 50/98, 51%) had
tried more than one CBM (mean = 1.65 – 0.76, medi-
an = 2, range 1–4, n = 98) for the treatment of GTS.
Out of these, 38 patients (76%) felt able to judge
which CBM worked best for them: 25 patients (66%) fa-
vored medicinal cannabis, 7 (18%) dronabinol, 4 (11%)

Table 1. Part 1 (Retrospective Analysis):
Clinical Characteristics

Number of patients, n (%)a

Gender 98
Female 14 (14)
Male 84 (86)

Age (year) 98
Mean – SD 35.8 – 13.1
Median 32
Range 18–79

Age at tic onset (years) 87
Mean – SD 8.2 – 3.7
Median 7
Range 1–20

Tic severity (STSS) 63
Mean – SD 3.65 – 1.43
Median 4
Range 1–6

Comorbiditiesb 98
OCD 44 (45)
OCB 35 (36)
ADHD 34 (35)
Depression 36 (37)
Anxiety disorders 21 (21)
Sleep disorders 36 (37)
Rage attacks 24 (25)
ASD 1 (1)

Comorbidity scorec 96
Mean – SD 3.06 – 1.93
Median 3
Range 0–8

aDue to incomplete data, numbers may vary.
bDiagnoses according to semi-structured clinic interview.
cNumber of comorbidities, range 0–8; STSS, Shapiro Tourette Syn-

drome Severity Scale, range 0–6.
ADHD, attention deficit/hyperactivity disorder; ASD, autism spectrum

disorder; OCB/OCD, obsessive-compulsive behavior/disorder.
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nabiximols, and 2 (5%) street cannabis (irrespective of
whether patients tried the CBM or believed in the supe-
riority of one CBM).

Duration of treatment, dosage, and long-term ef-
fect. Mean duration of treatment with CBM was
62.1 – 73.9 months (median = 41, range 1–336, n = 77).
Thirty-one patients (33%) discontinued CBM (reasons
not known). Preferred dosages varied markedly for all
CBM. For cannabis, effective doses are hard to quantify
due to different contents of cannabinoids and different
inhalation patterns (Table 2). Altogether, in 62 out of
116 statements (53%), the patients confirmed a consis-
tent long-term effect of prescribed CBM (Table 2).

Effects on tics, comorbidities, further symptoms, and
AEs. We were able to analyze up to 156 statements
(from 98 patients) with respect to beneficial and side ef-
fects of CBM (since several patients had used more
than one CBM), allowing to detect contrasting effects of
different CBM even within one patient. Due to partly in-
complete data, sizes of datasets differed. Altogether, 85%
(133/156 statements) patients reported a tic improvement
(on average of 60%) (Table 3). With respect to psychiatric
comorbidities, 55% (47/86 statements) patients reported
an improvement of one or more comorbidities, most
often of OCB/OCD, ADHD, and sleeping disorders
(Table 3). In addition, 77% (79/103 statements) patients
reported further positive effects (Table 3). Finally, 45%
(67/150 statements) patients reported no AEs and 55%
(83/150 statements) ‡1 CBM-related AEs, most often
(>10%) dizziness, fatigue, and changed appetite (Table 4).

Effects depending on the type of CBM. For the subjec-
tive degree of improvement for tics, the overall one-way
ANOVA revealed a significant subgroup difference [F(3,
152) = 14.62, p < 0.001]. A contrast analysis via Tukey
post hoc analysis revealed the following contrasts: Medic-
inal cannabis was significantly better than THC (�35.00,
95% CI [�56.23 to�13.78], p = 0.0002) and nabiximols
(�37.00, 95% CI [�58.47 to�15.53], p = 0.0001). In the
same vein, street cannabis was significantly better than
THC (�29.00, 95% CI [�45.04 to �12.96], p < 0.0001)
and nabiximols (�31.00, 95% CI [�47.36 to �14.64],
p < 0.0001). There was no significant difference between
street cannabis and medicinal cannabis ( p = 0.85), nor be-
tween nabiximols and THC ( p = 0.99). All comparisons
withstood Bonferroni correction.

When improvement of tics was treated as a binary
outcome, a significant subgroup difference was also
detected [w2(3) = 9.15, p < 0.05]. A contrast analysis
showed that the improvement for street cannabis was
significantly higher than expected under the assump-
tion of independence [street cannabis: w2(1) = 6.30,
p = 0.012]. Improvement for THC was significantly
lower than expected under the assumption of indepen-
dence [w2(1) = 4.75, p = 0.029]. Only street cannabis
withstood Bonferroni correction. For the improvement
of all comorbid conditions taken together, the overall
Pearson chi-square test comparing all four medication
groups showed significant difference [w2(3) = 32.83,
p < 0.001]. A contrast analysis showed the improve-
ment for street cannabis was significantly higher than
expected under the assumption of independence [street
cannabis: w2(1) = 11.83, p = 0.0006]. Improvement for

Table 2. Part 1 (Retrospective Analysis): Dosage and Long-Term Effect of Cannabis-Based Medicine
(Only Prescribed Cannabis-Based Medicine Included)

Medicinal cannabis
[g/day]

Dronabinol
[mg/day]

Nabiximols
[puffs/day]a P

CBMb

Total No. of statements 21 36 36
Dosage

Mean – SD 2.2 – 2.39 43.2 – 68.32 10.6 – 8.89
Median 1.5 20 8
Range 0.2–10 3–250 3–40

Long-term effect
Constant effect (without dose adjustment), n (%)c 14/20 (70) 13/31 (42) 13/31 (42) 40/82 (49)
Decreasing effect (before dose adjustment), n (%)c 6/20 (30) 18/31 (58) 18/31 (58) 42/82 (51)
Constant effect (after dose adjustment), n (%)c 8/8 (100) 11/14 (79) 3/12 (25) 22/34 (65)
Decreasing effect (despite dose adjustment), n (%)c 0/8 (0) 3/14 (21) 9/12 (75) 12/34 (35)

aEach puff contains 2.7 mg THC and 2.5 mg CBD.
b+ CBM = sum of all CBM shown in the table.
cDue to incomplete data, numbers may vary. n refers to number of statements about the use of a CBM, please note that this does not necessarily

correspond to the number of patients, since patients could have used more than one CBM.
CBD, cannabidiol; CBM, cannabis-based medicine; THC, tetrahydrocannabinol.
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Table 3. Part 1 (Retrospective Analysis): Beneficial Effects of Cannabis-Based Medicine

Improvement of Medicinal cannabis Dronabinol Nabiximols Street cannabis
P

CBMa

Tics, n (%)b 21/21 (100) 27/35 (77) 25/33 (76) 60/67 (90)c 133/156 (85)
Degree of improvement [%]d

Mean – SD 79 – 13* 44 – 35* 42 – 32* 73 – 29* 60 – 27
Median 80 50 45 80 64
Range 55–100 0–90 0–100 0–100 14–98
n (%)b 15/21 (71) 25/36 (69) 18/36 (50) 38/49 (78) 96/142 (68)

Comorbidities, n (%)b 10/13 (77%) 12/20 (60%) 3/20 (15%)e 22/33 (67%)c 47/86 (55%)
OCD 2/13 (15%) 5/12 (42%) 1/3 (33%) 9/33 (27%) 17 (36%)
OCB 3/13 (23%) 6/12 (50%) 1/3 (33%) 11/33 (33%) 21 (45%)
OCB/OCD 5/13 (38%) 11/12 (92%) 2/3 (67%) 20/33 (61%) 38 (81%)
ADHD 7/13 (53%) 3/12 (25%) 1/3 (33%) 5/33 (15%) 16 (34%)
Sleep disorders 6/13 (46%) 10/12 (83%) 1/3 (33%) 18/33 (55%) 35 (74%)

Further symptoms, n (%)b 12/12 (100%) 16/22 (72%) 11/24 (46%)e 40/45 (89%) 79/103 (77%)
Improved restlessness 8/12 (67%) 10/16 (63%) 7/11 (64%) 28/40 (70%) 53 (67%)
Less quick-tempered behavior 8/12 (67%) 9/16 (56%) 4/11 (36%) 9/40 (23%)e 30 (38%)
Improved mood 4/12 (33%) 3/16 (19%) 4/11 (36%) 12/40 (30%) 23 (29%)
General relaxation 4/12 (33%) 2/16 (13%) 1/11 (9%) 12/40 (30%) 19 (24%)

Statistical comparisons were conducted via chi-square test and one-way ANOVA. Contrasts were corrected for multiple comparisons via Bonferroni
correction.

*p < 0.001.
a+ CBM = sum of all CBM shown in the table.
bn refers to number of statements (not number of patients) describing a symptom improvement, since patients could have used more than one

CBM.
cSignificantly higher than expected under the assumption of independence.
dDegree of improvement based on patients’ subjective assessments expressed as a percentage.
eSignificantly lower than expected under the assumption of independence.
ANOVA, analysis of variance.

Table 4. Part 1 (Retrospective Analysis): Adverse Effects of Cannabis-Based Medicine

Medicinal
cannabis, n (%)

Dronabinol,
n (%)

Nabiximols,
n (%)

Street cannabis,
n (%)

P
CBM,

n (%)

Na 19 36 31 64 150
No AEs 11 (58) 13 (36) 6 (19) 37 (58) 67 (45)
AEs 8 (42) 23 (64) 25 (81)b 27 (42)c 83 (55)
Type of AE

Neurological disorders 9 (47) 33 (92)b 31 (100)b 23 (36)c 96 (64)
Dizziness 3 (16) 12 (33) 10 (32) 6 (9) 31 (21)
Fatigue 1 (5) 9 (25) 11 (35) 5 (8) 26 (17)
Weakness of memory or concentration 1 (5) 4 (11) 0 (0) 3 (5) 8 (5)
Agitation 1 (5) 2 (6) 1 (3) 2 (3) 6 (4)
Confusion/disorientation 0 (0) 2 (6) 3 (10) 1 (2) 6 (4)
Discomfort or sensation of drunkenness 1 (5) 0 (0) 3 (10) 2 (3) 6 (4)
Auditory and visual hallucinations 0 (0) 1 (3) 2 (6) 1 (2) 4 (3)
Depression 2 (11) 0 (0) 1 (3) 1 (2) 4 (3)
Feeling of weakness or general malaise 0 (0) 2 (6) 0 (0) 1 (2) 3 (2)
Delusions 0 (0) 0 (0) 0 (0) 1 (2) 1 (1)
Dysarthria 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)

Eye disorders 0 (0) 2 (6) 0 (0) 0 (0) 2 (1)
Vision disturbances 0 (0) 2 (6) 0 (0) 0 (0) 2 (1)

Gastrointestinal disorders 3 (16) 14 (39) 22 (71)b 7 (11)c 56 (37)
Increased or reduced appetite 2 (11) 6 (17) 7 (23) 5 (8) 20 (13)
Constipation or diarrhea 0 (0) 5 (14) 2 (6) 0 (0) 17 (11)
Altered taste or dry mouth 1 (5) 2 (6) 9 (29) 0 (0) 12 (8)
Oral paresthesia 0 (0) 0 (0) 2 (6) 1 (2) 3 (2)
Nausea and vomiting 0 (0) 0 (0) 2 (6) 0 (0) 2 (1)
Abdominal pain 0 (0) 1 (3) 0 (0) 0 (0) 1 (1)
Throat dryness or coughing 0 (0) 0 (0) 0 (0) 1 (2) 1 (1)

Cardiac disorders 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)
Changes in heart rate or blood pressure 0 (0) 0 (0) 1 (3) 0 (0) 1 (1)

Adverse effects reported in > 10% are shown in bold.
aMultiple answers possible, resulting in n statements.
bSignificantly higher than expected under the assumption of independence.
cSignificantly lower than expected under the assumption of independence. Statistical comparisons were conducted via chi-square test and one-

way ANOVA. Contrasts were corrected for multiple comparisons via Bonferroni correction.
AEs, adverse events.
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nabiximols was significantly lower than expected under
the assumption of independence [w2(1) = 23.04,
p = 0.0001]. Both contrasts withstood corrections
for multiple comparisons.

With respect to the improvement of specific comorbid-
ities, the overall Pearson chi-square test comparing all
four medication groups did not show a significant dif-
ference [OCD: w2(3) = 2.195, p = 0.53, OCB: w2(3) = 2.050,
p = 0.56, OCB/OCD: w2(3) = 7.62, p = 0.055, ADHD:
w2(3) = 7.305, p = 0.06, sleeping disorders: w2(3) = 4.793,
p = 0.18]. Notably, the OCB/OCD and ADHD missed
significance by a small margin. There is a trend for dro-
nabinol and street cannabis to have similar effects on
OCB/OCD, whereas there is a trend for medicinal canna-
bis to be more effective on ADHD (Table 3 and Fig. 1).

For the improvement of all further symptoms taken to-
gether, the overall Pearson chi-square test comparing all
four medication groups showed significant difference
[w2(3) = 18.90, p < 0.001]. A contrast analysis showed
that street and medical cannabis had a significantly better
effect [street cannabis: w2(1) = 5.48, p = 0.019; medicinal
cannabis: w2(1) = 4.28, p = 0.039] than the other CBM.
The effect of nabiximols was significantly below the av-
erage effect [w2(1) = 15.52, p = 0.0001]. The effect of
THC was not significant [w2(1) = 0.16, p = 0.69]. Only
the effect of nabiximols withstood corrections for mul-
tiple comparisons.

For comparison of AE among the four medication
groups, the overall Pearson chi-square test showed a

significant difference [w2(3) = 14.92, p < 0.05]. A con-
trast analysis showed that on nabiximols the rate of
reported AE was significantly higher than expected
under the assumption of independence [w2(1) = 10.11,
p = 0.0015], whereas on street cannabis it was signifi-
cantly lower than expected under the assumption of in-
dependence [w2(1) = 7.78, p = 0.0053]. Both contrasts
withstood corrections for multiple comparisons. For
intergroup differences of different AEs see Table 4.

Part 2: online survey
Forty out of 98 patients (41%) participated in the second
part. Reasons for noninclusion were: lost for follow-up
(n = 24, 25%), no interest (n = 15, 15%), noncompliance
(n = 16, 16%), and other reasons (n = 3, 3%).

Current medication. Thirty-five patients (87%) indi-
cated to be currently receiving medical treatment for
GTS; 23 out of 40 patients (57%) received treatment
with ‡1 of the following CBM (multiple answers possible):
medicinal cannabis: n = 9 (39%), nabiximols: n = 6 (26%),
dronabinol: n = 4 (17%), and street cannabis: n = 8 (35%).
Of these, 17 patients (74%) reported a treatment duration
>1 year. Eleven patients (28%) received combined treat-
ment for tics with CBM and antipsychotics.

Effects of different CBM. We received 27 statements
from 23 patients (multiple answers possible) regarding
specific effects of CBM: whereas almost all patients—in-
dependently of the type of CBM—reported an

Table 5. Part 2 (Online Survey): Improvement of Tics, Premonitory Urges, Tic Suppression, Quality of Life, and Number
of Patients Reporting At Least One Adverse Event Depending on the Type of Cannabis-Based Medicine

Medicinal cannabis Dronabinol Nabiximols Street cannabis
P

CBMa

Nb 9 4 6 8 27
Tics, n (%) 9 (100) 4 (100) 5 (83) 8 (100) 26 (96)

Degree of improvementc

Mean – SD 7.89 – 0.6 6.75 – 1.89 5.2 – 1.79 7.44 – 1.94 6.82 – 1.56
Median 8 7.5 4 8 7
Range 7–9 4–8 4–8 4–10 4–10

Premonitory urge, n (%) 7 (78) 1 (25) 2 (33) 6 (75) 16 (59)
Degree of improvementc

Mean – SD 6.86 – 1.77 1.33 – 0.58 4 – 1.41 6.83 – 1.47 4.76 – 5.23
Median 7 1 4 7 5
Range 4–9 1–2 3–5 4–8 1–9

Tic suppression, n (%) 9 (100) 3 (75) 4 (67) 8 (100) 20 (74)
Quality of life, n (%) 9 (100) 4 (100) 4 (67) 8 (100) 25 (93)

Degree of improvementc

Mean – SD 9 – 0.87 8.25 – 0.5 8.75 – 0.96 7.63 – 1.85 8.41 – 1
Median 9 8 8.5 8 8.5
Range 8–10 8–9 8–10 5–10 5–10

AEs, n (%) 9 (33) 4 (25) 6 (50) 8 (13) 27 (30)

a+ CBM = sum of all CBM shown in the table.
bn refers to number of statements (not number of patients), since patients could have used more than one CBM. Given are numbers of statements

describing a symptom improvement.
cDegree of improvement obtained from a self-rated Likert scale1–10: 1 = not at all, 10 = very strong.
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improvement of tics (96%) and quality of life (93%),
(street and medicinal) cannabis seem to have stronger
effects on premonitory urges and tic suppression
(Table 5). AEs were most often reported after nabixi-
mols, followed by medicinal cannabis, dronabinol,
and street cannabis (Table 5). Based on 57 statements
from 40 patients (multiple answers possible), patients
rated ‘‘medicinal cannabis’’ as ‘‘best prescribed CBM’’
(data not shown). In terms of effects of different canna-
bis strains, 9 patients provided a total of 24 statements
(on 10 different cannabis strains containing 1% to 22%
THC). Based on these, THC-rich strains with a THC
content >15% were prescribed by far more often
(n = 17/24 statements) compared with strains with
low to medium THC content. The most frequently
used strain had a THC content of 22% (n = 17/24
statements).

Route of intake. Due to small sample sizes and
incomplete data, no final conclusion can be drawn
with respect to the preferred route of intake, but

patients used the whole spectrum from oral intake
to smoking (no data shown).

Discontinuation of CBM. Between the first and sec-
ond study part, 17 out of 40 patients (43%) had stop-
ped treatment with the following CBM (multiple
answers possible): street cannabis: n = 13 (76%),
nabiximols: n = 9 (53%), medicinal cannabis: n = 8
(47%), and dronabinol: n = 6 (35%) (we did not col-
lect information on the reasons for discontinuation
of cannabis).

Practical and financial aspects. Nine out of 40 pa-
tients (23%) had received a license from BfArM (before
03/2017) and 8 out of 9 (89%) had utilized it for legal
self-medication with medicinal cannabis from the phar-
macy (on their own expenses). Overall, 26 patients
(65%) stated that they had to cover costs for CBM by
themselves at some time. In only 40% of the patients
(n = 16), health insurances agreed to cover the costs for
CBM. More than half of the patients (n = 23, 57%)

FIG. 1. Part 1 (retrospective analysis): percentages of patients reporting improvement of tics, comorbidities, and
further symptoms and confirming AEs depending on the type of CBM. Percentages refer to varying number of
patients’ statements. Data based on small sample sizes ranging from 86 to 156 statements obtained from 12 to 67
patients. Absolute values are given in Table 5. aSignificantly higher than expected under the assumption of
independence, bsignificantly lower than expected under the assumption of independence. Statistical comparisons
were conducted via chi-square test and one-way ANOVA. Contrasts were corrected for multiple comparisons via
Bonferroni correction. AEs, adverse events; ANOVA, analysis of variance; CBM, cannabis-based medicine.
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reported about a substantial financial burden associated
with CBM treatment significantly influencing treatment.

Discussion
To the best of our knowledge, this is not only the largest
dataset available but also the first study directly com-
paring effects of different CBM in patients with GTS.
The major findings of this study are: (1) CBM is effec-
tive in the treatment of tics and comorbidities in a quite
large percentage of patients, resulting in a relevant im-
provement of quality of life, (2) CBM improves pre-
monitory urges and tic suppressibility, (3) cannabis
seems to be more effective and better tolerated com-
pared with nabiximols and dronabinol, (4) patients
prefer cannabis with medium to high THC content,
(5) the effects of CBM appear to persist in the long
term, since patients continued using them for years,
and (6) AEs in patients with GTS do not differ from
those in patients with other diseases such as multiple
sclerosis22 and chronic neuropathic pain.23

Treating physicians need to recognize that a substan-
tial number of patients with GTS use CBM to improve
tics, comorbidities, and overall quality of life. However,
until today, the database is weak and there are only results
available from single case reports,9,10,12–18 three small ret-
rospective surveys (including 17, 19, and 24 patients, re-
spectively) using (street or medicinal) cannabis,5,6,11 and
two small RCTs using dronabinol (including 12 and 24
patients, respectively).7,8 Since over the past years an in-
creasing number of different CBM became available, we
were interested in investigating for the first time (benefi-
cial and adverse) effects of different types of CBM. Due to
costs and availability in Germany, the only CBM used in
our patients’ group were (street and medicinal) cannabis,
dronabinol, and nabiximols.

In both study parts, the vast majority of patients
reported an improvement of their tics after CBM. Sim-
ilar to available studies,5–18 patients assessed that, on
average, tics improved by 60% (‘‘much improved’’).
Although all CBM were reported to be effective, canna-
bis seems to be the most effective CBM. Most interest-
ingly, patients reported not only an improvement of
tics but also an improvement of premonitory urges be-
fore the occurrence of the tics and an improved ability
of voluntary tic suppression. Since it is believed that
premonitory urges are a core symptom of the dis-
ease,24,25 one might speculate that CBM improves tics
right from the beginning. So far, there is only very lim-
ited evidence that other pharmacological treatments
may also improve premonitory urges.26 From our results,

however, it cannot be excluded that tics and urges im-
proved—at least in part—only secondary due to re-
duced anxiety, stress, or tension caused by CBM.

In agreement with earlier studies,5,6,8,11–13,16,18 more
than half of the patients reported, in addition, an im-
provement of behavioral symptoms, mainly comorbid
OCB/OCD, ADHD, and sleeping disorders and more
than three-quarter of patients felt that CBM had addi-
tional positive effects such as improved restlessness and
general mood, less quick-tempered behavior, and gen-
eral relaxation. Altogether, more than 90% of patients
reported an overall improvement of quality of life.

Comparable to other studies using CBM,27,28 about
half of the patients reported AEs, most often dizziness,
fatigue, and changed appetite. Noteworthy, most pa-
tients felt that (medicinal and street) cannabis causes
less AEs compared with dronabinol and nabiximols.
Since several patients used combined treatment for
tics with either two different CBM or a CBM plus an
antipsychotic (most often aripiprazole), it seems that
in these cases combined treatment is more effective,
but not limited by more frequent and severe AEs.
The fact that yet about one third of patients stopped
treatment with CBM seems to be best explained by
financial burden, limited access to legal CBM, and
avoidance of illegal use of street cannabis.

Dosages of all CBM significantly differed inter-
individually and ranged from very low to high dosages.
On average, dosages were comparable to dosages used
in other indications26,28,29: cannabis: 1.5–2 g/day, drona-
binol: 20–40 mg/day, and nabiximols: 8–12 puffs/day.
Since several patients reported use of CBM for more
than 1 year (up to 28 years), from our data it is suggested
that—after an initial dose adjustment—beneficial ef-
fects of CBM do not decrease after long-term treatment
due to habituation.

With respect to cannabis preparations, patients seem
to prefer strains with higher (>15%) THC content.
Although this impression is based on a small number
of patients, it is completely in line with our clinical expe-
rience: Most patients compare effects of different strains
and usually decide for those with higher THC content,
suggesting that THC-rich strains are more effective in
TS. This is also in line with current literature, since
there is no single case report available suggesting the
efficacy of pure CBD in TS. As suggested earlier,30

we found no evidence that efficacy depends on cannabis
species (sativa vs. indica).

Comparable to other surveys,31 patients reported that
cannabis is more effective and better tolerated than
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nabiximols and dronabinol. A possible explanation
might be the ‘‘entourage effect,’’ suggesting that nonpsy-
choactive compounds of cannabis—such as terpenes—
enhance the action of the endogenous cannabinoid
anandamide (through increased affinity to receptors or
decreased enzymatic degradation) and that CBD miti-
gates some of the AEs of THC. This may result in im-
proved tolerability, higher dosages of CBM, and,
therefore, improved overall efficacy.17,32,33 Alternatively,
patients’ judgment may be influenced by the route of in-
take, since cannabis is primarily used via inhalation,
whereas the other CBM are taken orally. The fact that
nabiximols was rated as the worst CBM might be related
to typical AEs due to intake via mouth spray (such as
burning, pain, or ulcers in the mouth34).

Compared with other large samples1,20,35 we believe
that our sample is representative for an adult clinic
population regarding age, age at tic onset, and comor-
bidities. However, our sample comprised more male
subjects (sex ratio = 6:1), patients with more severe
tics (mean tic severity according to STSS: 3.65 vs.
2.791 and 3.2635 respectively, in other samples), and
subjects with a larger number of pretreatments (on av-
erage six different treatments before CBM). Of note, ed-
ucation level and employment rate in our sample were
comparable to other large adult GTS samples,36–38 sug-
gesting that use of CBM (including street cannabis) is
not associated with lower education qualifications and
higher levels of unemployment.

The following limitations of our study have to be
addressed: (1) This is an open uncontrolled study based
on a retrospective chart analysis (part 1) and an online
survey; due to the study design, there was a large number
of missing data that might have influenced the data; (2)
although this is the largest sample investigating efficacy
and safety of CBM in patients with GTS, the analyses
conducted in this study still rely only on a small number
of participants. Therefore, our results can only be viewed
as interesting trends; (3) improvements based on patients’
subjective assessments were expressed as a percentage
and reported as average scores. Thus, results should be
considered as preliminary and require replication in
controlled studies using validated measurements; (4) di-
agnoses of comorbidities were made only based on a
semi-structured clinical interview; for tic assessment
the STSS was used instead of the gold standard for tic as-
sessment (Yale Global Tic Severity Scale39); however,
since all patients have been investigated by one of the au-
thors, who is experienced in GTS (K.M.V.), we believe
that data are reliable; (5) although our sample is compa-

rable to samples in other studies including adults with
GTS,1,20,34–37 we cannot entirely exclude that our sample
is biased and not representative, since our sample com-
prised more male and more severely affected patients
and a large number of patients, who had used street can-
nabis earlier; (6) it cannot be excluded that our results
are influenced by effects of other pharmacological and
nonpharmacological therapies; (7) presumably, our
data are influenced by several formal aspects, including
the legal situation and financial aspects.

Conclusions
Our results are in line with a number of other studies
suggesting that CBM are effective and well tolerated
at least in a subgroup of adults with GTS. From our
data, it is suggested that CBM might be a treatment op-
tion even in those patients who are unsatisfied with
established treatment strategies, Further, according to
our data, CBM seems to be the first group of substances
that has a long-lasting effect not only on tics, premon-
itory urges, and tic suppressibility but also on a wide
range of psychiatric comorbidities, further symptoms,
and patients’ overall quality of life. In our sample, pa-
tients favored THC-rich cannabis over dronabinol
and nabiximols. Because of several limitations of our
study due to the open, uncontrolled design and the ret-
rospective data analysis, controlled studies are needed
to corroborate the preliminary findings.
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