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Abstract.

Background: Little is known about the patients’ view on treatment with medical cannabis (MC) for Parkinson’s disease
(PD).

Objective: To assess the PD community’s perception of MC and patients’ experience with MC.

Methods: Applying a questionnaire-based survey, we evaluated general knowledge and interest in MC as well as the frequency,
modalities, efficacy, and tolerability of application. Questionnaires were distributed nationwide via the membership journal
of the German Parkinson Association and locally in our clinic to control for report bias.

Results: Overall, 1.348 questionnaires (1.123 nationwide, 225 local) were analysed. 51% of participants were aware of
the legality of MC application, 28% of various routes of administration (ROA) and 9% of the difference between delta9-
tetrahydrocannabinol (A°-THC) and cannabidiol (CBD). PD-related cannabis use was reported by 8.4% of patients and
associated with younger age, living in large cities and better knowledge about the legal and clinical aspects of MC. Reduction
of pain and muscle cramps was reported by more than 40% of cannabis users. Stiffness/akinesia, freezing, tremor, depression,
anxiety and restless legs syndrome subjectively improved for more than 20% and overall tolerability was good. Improvement
of symptoms was reported by 54% of users applying oral CBD and 68% inhaling THC-containing cannabis. Compared to
CBD intake, inhalation of THC was more frequently reported to reduce akinesia and stiffness (50.0% vs. 35.4%; p <0.05).
Interest in using MC was reported by 65% of non-users.

Conclusion: MC is considered as a therapeutic option by many PD patients. Nevertheless, efficacy and different ROA should
further be investigated.

Keywords: Cannabis, THC, cannabidiol, Parkinson’s disease, therapy, survey, patient

INTRODUCTION prescribed and is reimbursed by public and private
health insurances.

Since 2017, medical cannabis (MC) s legally ap- The psychotropic delta9-tetrahydrocannabinol
proved in Germany as a therapeutic option for patients (A°-THC) and the non-psychotropic cannabidiol
with severe symptoms of Parkinson’s disease (PD), (CBD) are the commonest phytocannabinoids in
when previous therapies wereunsuccessful or not tol- Cannabis sativa (marijuana) [1] and play a crucial
erated, and a positive effect of cannabis on disabling role for medical application. They act via the
symptoms is imaginable. In these cases, MC can be cannabinoid receptors 1 (CB-1R) and 2 (CB-2R) as

pe dence 0 Prof. Dr. med. Carston Bl — most important receptors of the endocannabinoid
orrespondence to: Frof. Dr. med. Carsten buhmann, Depart- . .

P I . P system (ECS). However, while A9-THC activates
ment of Neurology, University Medical Center Hamburg-
Eppendorf, MartinistraB3e 52, 20246 Hamburg, Germany. E-mail: both CB-1R and CB-2R, recent data suggest that
buhmann @uke.de. CBD acts as functional antagonist by modulating
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CB-RI1 [2] and CB-R2 [3] function. This might
explain the lack of detectable psychoactivity of CBD
compared to A9-THC. The influence of the ECS
has been investigated intensively in parkinsonian
models (for review, see [4]). Cannabinoids modulate
basal ganglia function on two levels which are
especially relevant for levodopa-induced dyskinesia
(LID), i.e., the glutamatergic/dopaminergic syn-
aptic neurotransmission and the cortico-striatal
plasticity. Furthermore, activation of the ECS might
induce neuroprotective effects related to direct
receptor-independent mechanisms [5], activation of
anti-inflammatory cascades in glial cells via CB-2R
[6, 7], and anti-glutamatergic anti-excitotoxic proper-
ties [8]. These pathophysiological findings and a few
uncontrolled and small controlled clinical studies as
well as partly impressive single case reports (reviews
[4, 9]) suggest that MC containing THC and/or CBD
might have a potential clinical benefit for motor
and non-motor symptoms in PD patients. Today,
several different cannabis products and formulations
are available for medicinal use but there is lack of
controlled clinical studies addressing the differential
effectiveness in PD (reviews [9, 10]). Cannabis is
used by patients either as flowers with a very variable
THC content or as extracts (oils or capsules), contain-
ing pure THC, pure CBD or both. While in Germany
MC containing THC has to be prescribed by the
physician, MC with pure CBD can be prescribed but
also is freely available at the pharmacy or in internet
stores or shops as a food supplement. MC products
containing THC and/or CBD vary considerably
regarding the percentage of the active ingredient
and no standardised dosage is known. Today it is
unclear, which type of PD patients and which sym-
ptoms might be best treated with MC, whether
THC or CBD should be preferred and which route
of administration (ROA) should preferentially be
used. Furthermore, it is unknown to what extent
PD patients are interested in MC at all, whether
they are informed about the legal possibility of MC
prescription or if they know the difference between
cannabis applied as THC or CBD. It is-not known,
how many patients used already cannabis for PD
symptoms relief and how they judged efficiency and
tolerability.

This article aims to get some insights into the PD
community perception of MC, to get an overview
which role MC already plays as treatment in daily
life, and to evaluate “the patient’s view” regarding the
effect of cannabis application on individual motor-
and non-motor symptoms.

METHODS

We performed a nationwide, cross-sectional,
questionnaire-based survey among the members of
the German Parkinson Association (Deutsche Parkin-
son Vereinigung e.V. [dPV]), which is the largest
consortium of PD patients in German-speaking coun-
tries with 20,943 members in total (April 2020).

Patients were asked to complete a self-developed
questionnaire (see below) which was embedded in
the centre of issue no.148 (13th calendar week of
2019) of the dPV membership magazine with a cir-
culation of 24,000 journals per edition. It was created
as a separable survey sheet including general infor-
mation on the study’s background and a prepaid reply
envelope (costs were covered by the dPV). Subjects
were asked to answer.the questions autonomously
and to return the survey anonymously by post until
recruitment deadline on May 12, 2019.

Additionally, we consecutively recruited local PD
patients who visited our movement disorder outpa-
tient clinic within 6 weeks from March 4 to April
21 in 2019. Subjects were supplied with the same
information sheet and asked to fill out the same ques-
tionnaire on-site and anonymously before putting it
into a closed box. These local patients served as a
control group to evaluate whether answers given in
the nationwide survey are representative or biased,
because PD patients with a special interest in treat-
ment with cannabis products might primarily reply to
the nationwide query.

Questionnaire

The self-developed German-speaking question-
naire contains 16 categories of questions composed
of 25 single questions. 20 questions were constructed
as single choice and five as multiple choice questions.
The questionnaire was divided into four sections: 1)
“Demographics” with patient and disease character-
istics (age, gender, population of the patient’s place of
residence, type of Parkinson syndrome, disease dura-
tion, currently present symptoms). 2) “Information”
to evaluate patient’s knowledge about cannabis and its
application in PD; 3) “Experience” to assess whether
patients already used cannabis and which type and
ROA were applied, and 4) “Efficacy” and “Tolera-
bility” of cannabis application in users (efficacy in
general, best type and ROA, efficacy in comparison
to dopaminergics, most responsive symptoms, side
effects, fear of addiction). Each section was head-
lined with a short explanation of the general content
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of the questions. Questions and answers were also
partially described in more detail using brief expla-
nations or examples. For the English translation of
the questionnaire, please see Supplementary Fig. 1

Statistics

The statistical evaluation was carried out with the
program IBM"™ SPSS™ (version 23). Tables and
figures were created with SPSS"" and Excel 2003
(Microsoft ). The data were evaluated using descrip-
tive statistics and frequency distributions. Pairwise
deletion was applied for missing data.

To test whether the nationwide patient sample
was representative, answers were compared with the
patient data locally collected in our clinic (group com-
parison). In particular, two hypotheses were tested:
that 1) general interest in cannabis use and/or 2) past
or present usage of cannabis had led to increased par-
ticipation in the nationwide study. In order to largely
rule out that the local survey in our clinic was not
subject to selection bias, a response rate of >70%
of patients consecutively asked for participation was
defined as prerequisite.

For group comparisons, the mean values of
interval-scaled variables were tested for significance
using the #-test. For nominally scaled variables, the
frequencies were compared and tested for signifi-
cance with the Pearson x2 test. The exact Fisher test
was used for expected frequencies < 5.

To assess the influence of patient characteristics
on cannabis aspects, binary logistic regression was
applied.

For all analyses, levels of significance were set at
5% (p-value <0.05).

Ethics

The study was approved by the local ethics com-
mittee of the Medical Council Hamburg (reference
number WF-008/19).

Data availability statement

Anonymized data will be shared by request from
any qualified investigator.

RESULTS
Response rates

Until deadline, a total of 1,126 of the 24,000
questionnaires sent nationwide was returned. Three

questionnaires were excluded from analysis, one due
to missing demographic data, one that reports as
free text on an already deceased patient by his wife
and one with strongly contradicting combinations of
answers. Therefore 1,123 questionnaires (4.7%) were
available for statistical analysis.

At our department, 225 of 250 PD patients who
were consecutively asked to take part in the study
returned the questionnaire (90.0%, i.e., predefined
necessary return rate was given). Here, all question-
naires could be used for analysis.

Missing data for different variables of interest was
mostly low (<6%), except for questions 12b (10.5%),
13a (21.3%), and 15 (12.4%), but without significant
differences (<7%) between the nationwide and local
cohort. We therefore assume that data was missing
at random and used pairwise deletion for statistical
analysis.

Demographics

In total, the data from 1,348 study participants
(54.7% male, 45.2% female, 0.1% no answer) were
evaluated, containing of 83.3% from the “nation-
wide” survey (n=1,123) and 16.7% from the “local”
survey in our movement disorder outpatient clinic
(n=225). Table 1 shows the detailed patient charac-
teristics of both groups together and separately. Mean
age was 71.6 (SD = 8.9; range 33-92) years and mean
disease duration was 11.6 (SD+7.2; range 1-42)
years. Most of the study participants (n = 540) live in
places with less than 20,000 inhabitants (40.7%). 879
(65.2%) of subjects reported to suffer from idiopathic
Parkinson syndrome (PS). 77 subjects aligned them-
selves as atypical PS (5.7%), and the other patients
did not to know the aetiology of their PS (22.0%),
reported “other” aetiology (1.1%) or made no decla-
ration (6.0%).

Demographics of the two study groups were signif-
icantly different in some aspects: In the local cohort,
male patients predominated, they were younger with
shorter disease duration and lived more frequently in
places with more than 500,000 inhabitants (p <0.001
for all aspects). Groups did not differ regarding the
type of PS.

Clinical symptoms

Figure 1 gives an overview of the partici-
pants’ PD symptoms. Akinesia, postural disturbance,
tremor, muscle cramps and cognitive impairment
were reported mostly and were present in>50%
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Table 1
Patient characteristics
Total (n=1,348) Nationwide (n=1,123) Local clinic (n=225) p-value
Gender [% (N)]
Male 54.7% (737) 51.3% (576) 71.6% (161) <0.001
Female 45.2% (609) 48.5% (545) 28.4% (64)
No answer 0.1% (2) 0.2% (2) 0.0% (0)
Age [y (SD)] 71.6 (+8.9) 72.4 (£8.2) 67.5 (£10.8) <0.001
Duration of disease [y (SD)] 11.6 (£7.2) 12.0 (£7.1) 9.8 (£7.7) <0.001
Years since diagnosis [y (SD)] 10.3 (£7.8) 10.6 (£6.8) 8.9 (£6.6) <0.001
Place of residence (population) [% (n)]
<20,000 40.1% (540) 41.5% (466) 32.9% (74)
20,000 — 100,000 26.1% (352) 27.4% (308) 19.6% (44) <0.001
100,000 — 500,000 15.5% (209) 17.5% (196) 5.8% (13)
>500,000 16.7% (225) 11.8% (133) 40.9% (92)
No answer 1.6% (21) 1.7% (19) 0.9% (2)
Type of Parkinson syndrome (PS) [% (n)] 0.240
Idiopathic PD 65.2% (879) 64.5% (724) 68.9% (155)
Atypical PS 5.7% (77) 6.0% (67) 4.4% (10)
“I don’t know” 22.0% (296) 21.9% (246) 22.2% (50)
Other (e.g., genetically) 1.1% (15) 1.3% (15) 0.0% (0)
No answer 6.0% (81) 6.3% (71) 4.4% (10)
Note: Data of years are given as mean values; SD, standard deviation.
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Fig. 1. Clinical symptoms. Self-reported symptoms of all study participants (Multiple answers possible).

group comparison (local vs. nationwide).

of participants. Overall, 10 out of 17 default clin-
ical symptoms were reported significantly more
frequently in the nationwide group, i.e., postural
instability, falls, pain, sleep disturbance, fear/panic
(all p<0.001) and bladder dysfunction, depression,

*significant (p < 0.05) for between

freezing, muscle cramps and slight disorder of mem-
ory (all p<0.05). 140 subjects added symptoms in
the field “other”, with bladder dysfunction (n=21),
nightmares (n=21) and speech disorders (n=16)
being most frequently reported.
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70%
60%
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37%
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Smoking hashish / marijuana Hashish / marijuana taken Inhaling by using a vaporizer
orally

of study partici

Per

2% 3w
i 6% d
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Spray (Sativex®)
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.
saw D0
%
6%
0% .

Medical capsules Medical (oily) drops Other

Route of administration (ROA)

mlocal (n=27)

nationwide (n=86) mtotal (n=113)

Fig. 2. Route of administration (ROA). ROA reported by all participants who used cannabis because of their PD (multiple answers possible).

Information about cannabis treatment in PD

Overall, 689 (51.1%) participants felt to be info-
rmed about the possibility of legal applicability and
medical prescription of cannabis for PD in Germany.
381 (28.3%) subjects reported knowledge about vari-
ous ROA of cannabis. Only 118 (8.8%) patients knew
the difference between THC and CBD.

In the local group, significantly more participants
were informed that there are various medical ROA of
cannabis (p =0.05). The nationwide and local group
did not differ regarding relatively good knowledge of
approval of MC and lack of knowledge regarding the
difference between THC and CBD.

Experience with cannabis

Overall, 202 patients (15.0%) had tried cannabis in
their life with 28 regular users (13.9%), 65 occasional
appliers (32.2%) and 86 patients (42.6%) who tried
it only once (no answers n=23 [11.4%]).

113 patients (8.4%) had applied cannabis due to
PD without gender difference (50.4% male). Here,
mean age of users was 66.4 (£10.7) years and mean
disease duration 11.6 (£6.5) years. Younger age was
associated positively with the prevalence of cannabis
consumption (r —0.60, p<0.001). Cannabis users
were on average 5.6 years younger than non-users
(mean 66.4 vs. 72.0 years, p <0.001). Every year of
age lowers the likelihood to be a user by about 5.9%.

91% of users were aware of the legal status of med-
ical cannabis and knowledge of legal situation, the
various-ROA and the difference between THC and
CBD were significantly positively related to the fre-
quency of cannabis use (all p<0.001). Experience
with cannabis was higher in patients living in large
cities with more than 500.000 inhabitant compared to
patients living in small places with less than 20,000
inhabitants (15.0% vs. 6.4%; r=-0.87, p=0.001) and
the odds-ratio for cannabis consume in these patients
was 2.4-fold higher.

Study participants in the local cohort had tried
cannabis significantly more often in general (p<
0.001) as well as due to their PD (p=0.041) than
nationwide participants but without significant dif-
ferences regarding used active substance (e.g., THC,
CBD, or both), ROA, and frequency of daily applica-
tion (Fig. 2).

Among the 113 PD-related cannabis users, 11
(9.7%) reported application of THC only, 45 (39.8%)
of CBD only and 23 (20.4%) of both THC and CBD.
20 (17.7%) users did not know which type of cannabis
they had taken and 14 (12.4%) gave no information
on the active ingredient used. In summary, 79 (69.9%)
users could specify the type of cannabis they applied
but only 56/113 (49.6%) users reported to know the
difference between THC and CBD.

Mean disease duration of cannabis users was 11.6
years and was comparable to that of non-users.
Tremor, but not other motor- or non-motor symptoms,
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60%

54%

Percentage of study participants

Fatigue Dizziness Tachycardia Euphoria

50%
40%
37%
30%
20%
12%
10%
10%
5%
]

Depression

22%

12%

10% 10%
. I I I

Nausea/Vomiting Ravenous Visual disorder Headache Other

appetite

Side effects

Fig. 3. Side effects of cannabis use. Side effects reported by participants who used cannabis to relief PD symptoms. Variables are reported
as percentage of the total of n=41 cases in both the local and nationwide group who reported side effects (multiple answers possible).

was reported significantly more often by cannabis
users compared to non-users (61.9% vs. 52.0%,
p=0.043). On the other hand, non-users reported
more frequently slight problems with memory and
concentration (51.8% vs.41.6%, p=0.039) and hal-
lucinations (18.5% vs. 10.6%, p =0.036).

Cannabis was most frequently applied exclu-
sively as medical liquids/drops (n=54/113; 47.8%)
or in combination with hashish/marijuana (67/113;
59.3%). The latter was applied by 28 PD patients
(28/113; 24.8%).

Interest in applying MC was reported by 808/1235
(65.4%) of subjects who had not used cannabis due
to PD symptoms yet. They would prefer medical
capsules (44%) or liquids/drops (31%) rather than a
spray (24%) or leaves via a vaporizer (11%); multiple
answers possible.

Fear of physical and/or psychological ‘addiction
was affirmed by 6.7% of cannabis users. Although
not intended in the query, 90 of the non-users also
replied to this question and 41 of them (45.6%) stated
fear of addiction.

Efficacy and tolerability

General aspects

Overall, more than half of users (n=61/113
[54.0%]) reported a clinical benefit due to cannabis
use (these patients are classified as “therapy respon-
ders” in the following paragraphs). The success rate

correlated significantly positively with the frequency
of use (x2=16.3, p<0.001). Users with frequent
application reported more frequently (79%) efficacy
compared to users with occasional (67%) or single
(25%) use. In successful applications, the effect was
rated by half of the patients (n=31/61; 50.8%) to be
better than that of levodopa/dopamine agonists and
an equal effect was reported by 14/61 of patients
(23.0%). Three of four MC users with atypical PS
reported general improvement of symptoms (75%).
Cannabis use was generally tolerated in 96/113 users
(85%) with side effects reported in 41 (36.3%) of sub-
jects. The most common side effects included fatigue
(54%), dizziness (37%) and ravenous appetite (22%)
(Fig. 3). Hallucinations were mentioned as free text
by four patients. Nine patients discontinued using
cannabis due to side effects (fatigue n=2, dizziness
n=2, nausea n= 1, not specified n=4).

The local and the nationwide study cohorts did not
differ significantly in any of the aspects regarding
efficacy and tolerability.

Efficacy of cannabis on PD symptoms

Table 2 provides an overview of how typical
PD symptoms responded to cannabis. The symp-
toms “pain” and “muscle cramps” were most often
reported to be improved (43.9% and 41.4%, respec-
tively). Overall, nine different motor and non-motor
symptoms were referred to be relieved in at least 20%
of patients applying cannabis.
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Table 2
Efficacy of cannabinoid therapy on different PD symptoms
Participants with overall No Participants with no benefit
improvement due to answers at all due to
cannabis use cannabis use

[-6pt] Symptoms: Total Improvement ~ No improvement
[1] Pain 57 25 (43.9%) 7 3 22
[2] Muscle Cramps 58 24 (41.4%) 9 4 21
[3] Depression 32 9 (28.1%) 12 1 10
[4] Stiffness/Immobility/Akinesia 77 21 (27.3%) 22 2 32
[5] Sleep Disorder 59 16 (27.1%) 14 3 26
[6] Freezing 52 13 (25.0%) 16 2 21
[7] Tremor/Shaking 70 17 (24.3%) 20 5 28
[8] Fear/Panic 25 6 (24.0%) 13 1 5
[9] Restless Legs 28 6 (21.4%) 6 3 13
[10] Slight Disorder of Memory, 47 5 (10.6%) 19 2 21

Concentration, Planning, Organizing
[11] Balance Disorder/Postural Instability 58 6 (10.3%) 24 3 25
[12] Hallucinations 12 1(8.3%) 3 1 7
[13] Involuntary Movements/Dyskinesia 29 2 (6.9%) 14 2 11
[14] Bladder Dysfunction 52 2 (3.8%) 23 3 24
[15] Falls 41 1 (2.4%) 16 2 22
[16] Involuntary Movements at 20 0 (0.0%) 9 1 10

night/Periodic Limb Movement Disorder
[17] Severe Disorder of Memory, 9 0 (0.0%) 8 0 1

Concentration, Planning, Organizing
[18] Other 16 0 (0.0%) 7 2 7

Note: The percentages given refer to the total number of participants who used cannabis to relief the given symptom. Accordingly, the
number differs from the total number of cannabis users due to PD (n =113).

Comparison of THC and CBD on efficacy and
tolerability

To approximately assess whether general efficacy
and tolerability are more related to THC or CBD,
we compared the effects of the two most frequently
applied therapies of inhaled THC as content in
“hashish” (as gum extract) or “marijuana” (as leaves)
with the oral administration of pure CBD. Using
exclusively THC, ROA mainly was inhalation via a
“joint” (n=18) and less frequently via a vaporizer
(n=2)orapplied as acombination (“joint” and vapor-
izer; n=2). Pure CBD was applied mainly as oily
liquid/drops (n=34/54; 63.0%) and less frequently
as capsules (n=3/3).

Table 3 shows the efficacy and tolerability of treat-
ment with THC (n=22) compared to CBD (n=37).
A beneficial clinical effect was reported by 68.2% of
subjects in the THC and 54.1% of subjects inthe CBD
group (between group difference n:s.). Among ther-
apy responders in both cohorts, subjects in the THC
group rated the efficacy by trend more frequently bet-
ter compared to levodopa/dopamine agonists (12/15
[80.0%] vs. 7/20 [35.0%], p=0.06) Efficacy on
stiffness/immobility/akinesia was more frequently
reported in the THC group (8/16 [50%] vs. 4/26
[15.4%], p=0.03). Rate of improvement of other PD
symptoms was not different between groups. Note-

worthy, freezing improved in 4/5 (80.0%) of patients
inhaling THC-containing cannabis using joint but not
when applying a vaporizer (0/2, 0%) and only in 5/21
(23.8%) of subjects taking CBD orally.

Smoking/inhaling THC was by trend less fre-
quently tolerated than orally taken CBD (81.8%%
vs.91.9%, p=0.07) and provoked significantly more
often side effects (54.5% vs. 18.9%, p=0.01).
Mainly, fatigue was reported in 27% and 16% and
dizziness in 18% and 8% of THC and CBD users,
respectively. Ravenous appetite occurred in 18% of
THC but only 3% of CBD users. Among patients with
side effects, 33% in the THC and 29% in the CBD
group stopped cannabis application.

DISCUSSION

This work presents a large questionnaire-based
survey about the “real-life” situation regarding the
therapy with medical cannabis (MC) in PD patients in
Germany. We assessed patients’ general knowledge
and interest in this treatment as well as the frequency,
modalities, and subjective efficacy and tolerability of
application. We found that half of study participants
are well-informed about the option of a legal prescrip-
tion of MC but less than one-third about its different
ROA, and even less than 10% know the difference
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Table 3
Comparison of THC and CBD on efficacy and tolerability
THC-containing Pure CBD-liquid/ p-value
Hashish/Marijuana drops/capsules
n=22 n=37
Clinical benefit [% (n)] 0.405
Yes 68.2% (15) 54.1% (20)
No 31.8% (7) 40.5% (15)
No answer 0.0% (0) 5.4% (2)
Overall tolerated [% (n)] 0.067
Yes 81.8% (18) 91.9% (34)
No 18.2% (4) 2.7% (1)
No answer 0.0% (0) 5.4% (2)
Occurrence of side effects [% (n)] 0.011
Yes 54.5% (12) 18,9% (7)
No 40.9% (9) 64.9% (24
No answer 4.5% (1) 16.2% (6)
Efficacy compared to dopaminergic [% (n)] 0.063
drugs (L-Dopa/Dopamine agonists)
Better 80.0% (12) 35.0% (7)
Equal 13.3% (2) 30.0% (6)
Worse 0.0% (0) 10.0% (2)
No answer 6.7% (1) 35.0% (7)
Efficacy on stiffness/akinesia [% (n)] 0.034
Yes 50.0% (8) 15.4% (4)
No 50.0% (8) 80.1% (21)
No answer 0.0% (0) 3.4% (1)

between THC and CBD. Only a minority of 8.4%
of participants had used cannabis due to PD, almost
two-thirds orally as oily liquid (CBD) and one quar-
ter inhaled as hashish/marijuana (THC). Remarkably,
half of the cannabis users reported clinical benefit
with mainly pain and muscle cramp relieve in 40% of
users and motor (stiffness/akinesia, freezing, tremor,
restless legs syndrome) as well as non-motor symp-
tom reduction (depression, anxiety) in about 20% of
users. Overall tolerability was reported to be good, but
slightly better for pure oral CBD compared to inhala-
tive THC-containing cannabis. However, the latter
was reported more frequently to improve akinesia.
Noteworthy, two-thirds of non-users are interested in
applying MC.

Representativeness of the nationwide survey

With a total of 1,348 participants, this is, to
our knowledge, the largest study investigating the
patients’ view on cannabis therapy in PD. Inter-
estingly, 22% of respondents reported not to know
which type of Parkinson syndrome they have and 6%
made no declaration. We interpret that more likely
as lack of knowledge of the asked medical terms
“idiopathic” or “atypical” than of incomprehension of
the personal PS type. Because the nationwide survey
was addressed to members of the German Parkinson
Association, we assume that the majority of these
28% of patients suffer from idiopathic PS (PD).

Although 1,123 patients responded to the nation-
wide survey, this was only a return rate of 4.7% with
respect to the vast circulation number of the member-
ship journal. In contrast to surveys that were directly
addressed to patients and which showed average
response rates of 45 4=20% [10-89%] for paper sur-
veys and 34 £+ 22% [range 7-88%] for web-surveys
[11], our embedded questionnaire in the journal likely
has been missed by many patients.

Because the study design of the nationwide survey
includes a risk of a “report bias”, we added a con-
secutively recruited local PD patient cohort with a
response rate of 90% as control. The high response
rate confirms that personally addressed surveys result
in higher response rates than unselected, non-directly
addressed surveys. Furthermore, the high local par-
ticipation rate and epidemiological data suggest that
our local cohort reflects an average outpatient urban
PD population with a wide range of age and dis-
ease severity. Compared to the nationwide group,
patients in the local group were about 20% more
male, in average 5 years younger, had a disease dura-
tion which was 2.2 years shorter, reported less often
problems regarding typical PD symptoms and had
higher experience with cannabis (26.7% vs. 12.6%).
The slightly younger age in our local cohort can
possibly be explained by the fact that only outpa-
tient patients—often with better mobility compared
to older patients—took part in our survey whereas
the questionnaire which was embedded in the nation-
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wide journal might have also reached the elderly, less
mobile clientele. Furthermore, our clinic is located in
a large city and federal state with 1.8 million inhabi-
tants and has the lowest proportion of the age group
“65 years and older” compared to all other 15 federal
states in Germany (Statista Research Department,
06.02.2020).

As crucial result, answers of the local and the
nationwide cohort did not differ significantly in
any item regarding interest in cannabis therapy in
non-users, route and frequency of administration or
efficacy and tolerability of cannabis application. We
therefore assume that our results are representative
for the average outpatient PD patient collective in
Germany. To increase the study power, we finally
analysed both cohorts combined together as one
sample.

Interest in cannabis and experience with
cannabis application

Half of participants were informed that cannabis
can be used legally when medically prescribed.
Knowledge about various ROA or the difference
between THC and CBD was slim among all study
participants. This lack of knowledge and a possibly
associated fear of these substances could discour-
age patients from considering cannabis as therapeutic
option. Accordingly, despite two-thirds of non-users
are interested in applying MC, almost half of 90
non-users were concerned about addiction in case of
using MC.

Fifteen percent of all subjects had experience
with cannabis and more than half of them (8.4%)
tried cannabis to diminish PD symptoms. Knowl-
edge about the difference between THC and CBD
was much higher in PD-related cannabis users com-
pared to all study participants (49.6% vs. 9.1%).
However, even more cannabis users could specify
the type of cannabinoid they used (69.9%). This sug-
gests that knowledge about which substance has been
applied (THC or CBD) does not automatically mean
that users know about the different clinical effects
of both cannabinoids. This seems not exceptional
because, e.g., many patients can name their specific
dopamine agonist but do not know the differences
between dopamine agonists in general. However,
it is remarkable especially with view to differ-
ences regarding the psychoactive effects of THC but
not of CBD.

Almost two-thirds of cannabis users (59.3%)
applied medical liquids or drops and one quarter

(24.8%) hashish or marijuana without gender
difference. Subjects taking exclusively medical lig-
uids/drops (n=154/113; 47.8%) applied mainly pure
CBD (n=34/54; 63.0%). CBD therefore seems to be
the mostly applied cannabinoid.

The quite long and comparable mean disease dura-
tion of more than 11 years in cannabis users and
non-users contradicts the assumption that cannabis
use might be related to the youth or a potential “life
style” aspect. Since the symptom “tremor’” was found
significantly more often among users, this symptom
seems to be a reason for PD patients to try cannabis,
while disorders of memory/concentration and hallu-
cinations might discourage PD patients from trying
cannabis. The overall burden of other symptoms does
not seem to play a significant role in the decision to
take cannabis.

Interestingly, only 10% applied cannabis as spray
which, in Germany, contains identical portions of
THC and CBD (each 50%) and has already been
approved for years against spasticity in patients with
multiple sclerosis.

Efficacy

More than half of users (54.0%) reported a bene-
ficial clinical effect due to cannabis application. This
is less than reported in a previous structured observa-
tional telephone survey in 47 PD patients with an
overall improvement in 82.2% of users [12]. The
authors assessed similar aspects of cannabis appli-
cation as in our study, but patients there were more
frequently men (85%) and cannabis was consumed
in most patients as THC containing “joint” (81.0%).

Half of users in our study who reported relief of
symptoms rated the efficiency of cannabis better than
that of levodopa or dopamine agonists and 23.0% as
at least comparable. However, cannabis intake might
be related to a relevant placebo effect because of high
patient expectations and conditioning but even than
it can be considered as therapeutic effect [13].

In our study, improvement of the motor symp-
toms akinesia, freezing and tremor and the non-motor
symptoms sleep disturbance, depression, anxiety and
restless legs syndrome was reported by more than
20% of participants applying cannabis. Pain and mus-
cle cramp relief was reported by even more than
40% of subjects. Currently, only limited and incon-
clusive data are available regarding the efficacy of
cannabis products on single motor- and non-motor
symptoms in PD (for review see [4]). Three out of
six studies found a positive [12, 14, 15], and three a
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negative [16—18] effect of cannabis on rigor, tremor
and bradykinesia.

Assessing motor-symptoms, improvement of
dyskinesia was reported only in 2/29 of our patients
with dyskinesia (6.9%). This is noteworthy because
the worldwide mostly spread video (“Ride with
Larry” with 3.7. million views on YouTube) shows
a tremendous effect of cannabis oil on dyskine-
sia. Again, available data assessing levodopa-induced
dyskinesia (LID) are inconclusive with two positive
(one randomized controlled trial, RCT) [15, 19] and 3
negative (all RCT) [17, 18, 20] studies. Interestingly,
13/52 of our patients (25.0%) reported improvement
of freezing of gait (FOG). This is of special inter-
est because there is no proven medication against
FOG which frequently occurs in advanced disease
stages despite optimized medication and increases
the risks for falls. Noteworthy, Balash et al. found
that mainly smoked MC reduced significantly com-
plaints of falling from 22/47 (46.8%) to 6/18 (33.3%)
of patients.

Regarding non-motor symptoms in PD, pain relief
was found in two open observational studies after
mainly smoking cannabis [12, 14] but not in one
RCT after oral intake of combined THC/CBD [17].
However, two recent large meta-analyses suggest
that cannabinoid-based pharmacotherapy may serve
as effective replacement/adjunctive option against
pain in general [21] and in multiple sclerosis in
which combined THC/CBD improved pain [22]
and is approved for the treatment of moderate to
severe (painful) spasticity [23, 24]. In line with our
results, others also found improvement of sleep due
use of MC. REM-sleep behaviour disturbance was
improved in 4/4 PD patients (100%) taking CBD [25]
and improvement of sleep quality was found in 12 out
22 PD patients (54.5%) [14] and 33 out 46 (71.7%)
[12] exclusively or mainly smoking cannabis, respec-
tively. However, the cross-over RCT in 19 patients
by Carroll et al. [17] did not confirm a positive effect
of orally administrated THC/CBD on sleep. In our
study, 9 of 32 patients (28.1%) reported improve-
ment of depression, which is less than reported before
with improvement of mood in 35/46 (76.1%) patients
[12].

Symptoms relief were described mainly in studies
with long-term cannabis application for at least eight
[14], twelve [12] or six [18] weeks. In line with that,
success rate in our study correlated significantly with
the frequency of cannabis use. However, it is unclear
whether frequent application is the reason or the result
of reported symptom relief.

Tolerability

In the majority of patients (85%) cannabis was
well tolerated, but one-third reported unwanted or
side effects, mainly fatigue, dizziness and ravenous
appetite. These are well known adverse effects of
THC [4]. Nevertheless, only 9/113 patients (8.0%)
discontinued therapy because of intolerance which
is in accordance to other studies describing discon-
tinuation of medical cannabis due to side effects in
5/47 patients (10.6%) [12] or generally as rare [26,
27]. In our study hallucinations were mentioned as
free text by only four patients but we did not ask for
hallucinations as preselected question. Rate of hallu-
cinations might have been higher as has been reported
before with 17% [12]. However, hallucinations likely
are related to THC because clinical studies did not
reveal psychotic side effects for CBD [18], whereas
vice versa CBD might even have some anti-psychotic
effects in PD patients [28].

Comparing the efficacy of smoked THC and
orally administered CBD

MC can be applied as pure THC, CBD or mixed
forms with different ratios of both ingredients. To
make it even more complex, it has to be considered
that inhaled cannabis types contain different phyto-
cannabinoids with a THC content between 4% and
28% in hashish and 3% and 22% in marijuana [29] or
that Cannabis sativa used as leaves or hashish con-
tains more than 100 other phytocannabinoids with
unknown influence on PD symptoms. The ROA vary
tremendously. Leaves can be smoked with and with-
out tobacco, inhaled via bong or vaporizer as well as
boiled with water and applied as tea. Furthermore,
illegal and medical leaves contain different ratios of
THC/CBD. Oral administration of cannabis is possi-
ble as capsules, liquid oils, leaves, hashish or spray,
again with different ratios and concentrations of CBD
and/or THC. This makes it difficult to compare stud-
ies. Overall, the available clinical data on the effects
of THC and CBD in the literature are very limited.

Noteworthy, studies or observations reporting
responsiveness of PD symptoms to cannabis often
assessed patients who smoked cannabis containing
THC [12, 14] while negative reports were often
obtained in studies investigating oral ROA [17, 18].
To evaluate whether the efficacy of THC compared
to CBD or the application of inhalation compared to
oral administration might have substantially differ-
ent effects, we compared these two main groups of
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users. Despite a comparable response rate to THC and
CBD regarding general improvement of PD symp-
toms, level of efficacy seems to be higher when
inhaling THC compared to applying CBD orally,
because patients in the THC group reported more fre-
quently improvement of akinesia and higher efficacy
compared to dopaminergics. Noteworthy, freezing
improved in 4/5 (80%) of patients inhaling cannabis
as joint but only in 5/21 (23.8%) of subjects taking
CBD orally. Because freezing often is not adequately
controlled with usual medication, smoking cannabis
leaves might be a therapeutic option. Only 3 partici-
pants reported to take pure THC orally as Dronabinol
drops, so that a comparison of orally applied THC and
CBD was not meaningful.

Limitations of the study

The study has some limitations. The response rate
of the nationwide survey likely could have been
increased by addressing all patients personally via
mail and drawing more attention to the study. How-
ever, relevant additional mailing costs did not allow
this procedure.

We applied a German-speaking self-developed
questionnaire which has not been validated before.
However, so far there is no validated questionnaire
addressing the subjective patient evaluation of preva-
lence, efficacy or tolerability of cannabis application
in PD. The high rates of completed returned ques-
tionnaires indicate a good understandability of the
questions. However, it was intended that the last ques-
tion (#16) on fear to get physically and/or psycho-
logically addicted to cannabis was only answered by
patients who already used cannabis due to PD. Nev-
ertheless, 90 subjects without cannabis experience
also answered this question. A second version of the
questionnaire should state this intention more clearly.
Because itis not uninteresting whether also non-users
might be afraid of addiction, we included the answers
of these patients into our analysis. Furthermore, we
had to translate the questionnaire into English for this
publication without language validation of the trans-
lation. Future studies should focus on more objective
ways to examine the therapeutic effect of MC.

We did not evaluate whether the individual sym-
ptom-related burden of disease of cannabis users and
non-users differed or if a certain bothersome symp-
tom led to the use of cannabis. Also we did not ask
how many years after the onset of the disease the par-
ticipants first used cannabis and whether patients felt
a vanishing effect of standard dopaminergic drugs.

These aspects can affect cannabis usage and more
studies addressing these points are needed.

We intended to evaluate the patient’s view and
knowledge and to assess patients’ very subjective
opinion about effects of cannabis on their PD symp-
toms. It was not intended and due to the study
design and the highly variable modalities of cannabis
application not possible to objectively differentiate
between the treatment effects of different cannabis
products or degree and duration of subjective treat-
ment effects. Accordingly, we did not ask for doses
used or duration of treatment.

However, the study faces general limitations that
come along with a subjective self-report. Especially
participants with a positive effect on their PD symp-
toms may tend to exaggerate the overall positive
effects. This includes a possible pronounced placebo
effect due to high expectations of patients on the
efficiency of cannabis.

Furthermore, the low response rate may bias the
findings toward those who had a positive treatment
effect. However, our consecutively recruited and
highly responsive control group, which was set up
to be devoid of that bias, showed highly comparable
results which makes a relevant selection bias unlikely.

The study design did not allow distinguishing
patients with and without medical prescription of
THC-containing leaves or CBD extracts. We assume,
that both cannabis formulations were mainly applied
without prescription, because doctors are reluctant to
prescribe THC as leaves and CBD extracts are freely
available and only in a few states reimbursed by health
insurers.

Conclusion

Our study offers insights into the PD community
perception of MC and shows that cannabis is applied
in almost 10% of patients against motor- and non-
motor symptoms. Results suggest that MC might
be helpful for selected PD patients with insufficient
symptom relief despite their usual anti-parkinsonian
medication. Controlled clinical studies investigating
the efficiency, tolerability and best ROA of MC ther-
apy in PD are desirable.
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