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Introduction
Parkinson’s disease (PD) is the second most 
common neurodegenerative condition after 
Alzheimer’s disease.1 Between 1990 and 2016, 
the age-standardized prevalence of PD in Canada 
increased from 16.5% to 67%, totaling 103,903 

in 2016.2 Bradykinesia, rigidity, postural instabil-
ity and resting tremor are the motor symptoms 
that clinically characterize this disease. These 
symptoms are the result of marked loss of dopa-
minergic neurons in the substantia nigra pars 
compacta.3
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Abstract
Background: Recent changes to the legal status of cannabis across various countries have 
renewed interest in exploring its use in Parkinson’s disease (PD). The use of cannabinoids for 
alleviation of motor symptoms has been extensively explored in pre-clinical studies.
Objective: We aim to systematically review and meta-analyze literature on the use of medical 
cannabis or its derivatives (MC) in PD patients to determine its effect on motor function and its 
safety profile.
Methods: We reviewed and analyzed original, full-text randomized controlled trials (RCTs) 
and observational studies. Primary outcomes were change in motor function and dyskinesia. 
Secondary outcomes included adverse events and side effects. All studies were analyzed for 
risk of bias.
Results: Fifteen studies, including six RCTs, were analyzed. Of these, 12/15 (80%) mention 
concomitant treatment with antiparkinsonian medications, most commonly levodopa. Primary 
outcomes were most often measured using the Unified Parkinson Disease Rating Scale 
(UPDRS) among RCTs and patient self-report of symptom improvement was widely used 
among observational studies. Most of the observational data lacking appropriate controls had 
effect estimates favoring the intervention. However, the controlled studies demonstrated no 
significant motor symptom improvement overall. The meta-analysis of three RCTs, including 
a total of 83 patients, did not demonstrate a statistically significant improvement in UPDRS III 
score variation (MD −0.21, 95% CI −4.15 to 3.72; p = 0.92) with MC use. Only one study reported 
statistically significant improvement in dyskinesia (p < 0.05). The intervention was generally 
well tolerated. All RCTs had a high risk of bias.
Conclusion: Although observational studies establish subjective symptom alleviation and 
interest in MC among PD patients, there is insufficient evidence to support its integration into 
clinical practice for motor symptom treatment. This is primarily due to lack of good quality data.
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First-line treatment involves administering dopa-
mine precursors such as levodopa to correct the 
dopamine deficiency. However, chronic use of 
the drug can result in loss of drug efficacy and the 
development of motor complications. These 
include response fluctuations with “on-off” peri-
ods and levodopa-induced dyskinesia (LID), 
which can affect up to 35% of patients within 
2 years of use.4,5 These limitations surrounding 
dopaminergic treatments have produced 
increased interest in novel treatments targeting 
non-dopaminergic systems such as the endocan-
nabinoid system (ECS).6

Endocannabinoids of the ECS act at cannabinoid 
receptor type 1 (CB1) receptors to modulate the 
activity of dopamine and other neurotransmitters 
in the basal ganglia, rendering the ECS a potential 
target for pharmacological intervention in PD.7 
The ECS is in itself implicated in the pathology of 
PD. This is evidenced by increased levels of the 
endogenous endocannabinoid anandamide (AEA) 
in the cerebrospinal fluid of both untreated8 and 
treated9 PD patients, and decreased CB1 receptor 
mRNA expression in the brain tissue of patients 
who died with idiopathic PD.6 Cannabinoids offer 
both antiparkinsonian and neuroprotective prop-
erties as therapeutic mechanisms in PD treatment. 
Pre-clinical studies have demonstrated cannabi-
noids act to suppress excitotoxicity, glial activa-
tion, and oxidative injury that cause degeneration 
of dopaminergic neurons.4,10–12 Recent studies 
have shown CB1 receptor antagonists could prove 
useful in the treatment of both PD symptoms and 
LID, and CB1 receptor agonists could have a role 
in reducing LID.13,14

Cannabinoids are divided into three categories: 
endogenous, plant-derived phytocannabinoids 
and synthetic. The most studied endogenous 
endocannabinoids are AEA and 2-arachidonoylg-
lycerol.15 The principal phytocannabinoids 
responsible for the therapeutic effects of cannabis 
are ∆9-tetrahydrocannabidiol (Δ9-THC) and can-
nabidiol (CBD). Common cannabis preparations 
vary in their ratio of CBD to  Δ9-THC, the latter 
being the psychoactive component of cannabis.15 
The synthetic cannabinoids approved for use by 
Health Canada are nabiximols and nabilone.16

Medical use of cannabis has been legal in Canada 
since 2001 and as such, it has been explored for a 
variety of medical indications. With the passage 
of the Cannabis Act legalizing recreational 

cannabis in 2018, there has been renewed interest 
in the scientific exploration of potential therapeu-
tic uses of cannabis. A number of reviews have 
explored cannabinoid-based therapies for the 
treatment of chronic neurodegenerative diseases 
and movement disorders such as PD.3,17–22 While 
pre-clinical studies show promise, gaps remain in 
bridging these results to human trials with clinical 
applications.23 We embarked on this review to 
expand our work into real-world observational 
data, looking specifically at efficacy for motor 
symptoms in PD and safety, and the applicability 
of these results in a Canadian context.

Objective
The objective of this systematic review was to 
identify literature exploring the efficacy and safety 
of cannabis and its derivatives for the treatment of 
motor symptoms in adults with PD. The ques-
tions we sought to investigate were as follows: (1) 
What is the direction and magnitude of effect of 
medical cannabis (MC) in alleviating motor 
symptoms and dyskinesia in adult PD patients? 
(2) What side effects and adverse events are asso-
ciated with the use of cannabis and its derivatives? 
This review focuses on data from both rand-
omized controlled trials (RCTs) and observa-
tional studies. Given the paucity of data, we 
included data from studies both with and without 
controls or comparators in this review.

Methods
We conducted a systematic review and meta-anal-
ysis of primary research literature investigating the 
use of cannabis and its derivatives for the treat-
ment of PD with improvement of the cardinal 
motor symptoms and dyskinesia as the primary 
outcomes. Our study was conducted in accord-
ance with the PRISMA 2009 Checklist for system-
atic reviews and meta-analyses24 (Supplemental 
Table S1). RCTs and observational studies were 
included in our search, which excluded case 
reports, case series and review articles. The popu-
lation of interest was adult patients 18 years of age 
and older, diagnosed with idiopathic PD treated 
with MC or its derivatives. Studies were excluded 
if patients had any comorbid neurodegenerative 
disorders.

We performed electronic searches of PsychInfo, 
EMBASE, MEDLINE, and Evidence-Based 
Medicine Reviews – Cochrane Central Register 
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of Controlled Trials (EBM-CCRCT) from the 
date of their inception to 2019. The search was 
initially done on 2 December 2019 and subse-
quently updated on 24 December 2020. Searches 
were restricted to yield only English-language 
results. MeSH headings and keywords used 
included but were not limited to: “Parkinson’s 
disease,” “parkinsonism,” “cannabis,” “cannabi-
noids,” “nabiximols,” “medical cannabis,” and 
“nabilone.” A sample search strategy from the 
MEDLINE database is available (Supplemental 
Figure S1).

All electronic search results were uploaded onto 
the Covidence platform to enable independent 
two-reviewer title and abstract screening. All titles 
were reviewed by two reviewers, authors SJT and 
BR, for inclusion based on the described popula-
tion, intervention, outcome and study design cri-
teria (Supplemental Table S2).

Outcome measures and data extraction
Primary outcomes included improvement of 
motor function encompassing tremor, bradykin-
esia, rigidity, and postural instability, and 
improvement in LID. Secondary outcomes 
looked at safety data, specifically adverse events 
and side effects associated with the use of MC. 
Authors SJT and BR reviewed included studies 
and extracted study design, population character-
istics, treatment duration and dosing, follow-up, 
funding sources, motor function outcome data 
and safety data. Data reporting concomitant 
treatments with standard antiparkinsonian ther-
apy were also extracted. RCTs with outcome data 
presented using mean and standard deviation 
were included in the meta-analysis. Observational 
studies were considered for inclusion in the meta-
analysis if mean and standard deviation data were 
reported for both a treatment and control or com-
parator group.

Bias assessment
Risk of bias was assessed at the study level. 
Controls were evaluated using the Cochrane Risk 
of Bias Tool for RCTs25 and crossover trials.26 
Randomization and concealment of allocation, 
blinding of participants and study personnel, 
incomplete data, selective reporting, period and 
crossover effects, and other sources of bias such 
as sample size were assessed. Risk of bias among 
uncontrolled observational studies was assessed 

using Modified Newcastle–Ottawa Criteria for 
Cross-Sectional Studies.27 Studies were assessed 
on the basis of selection, comparability and out-
come. Good studies were judged to have a mini-
mum score of 8, satisfactory studies had a 
minimum score of 5 and unsatisfactory studies 
had scores between 0 and 4.

Statistical analysis
A mean difference and its 95% confidence inter-
val (CI) were calculated. Standard deviations 
(SDs) were derived using the 95% CIs. A forest 
plot was created using the Cochrane Collaboration 
RevMan v5.3 software. A random-effects model 
was used to account for clinical heterogeneity of 
the meta-analyzed studies. Values of I2 >50% and 
p < 0.10 were considered to indicate significant 
heterogeneity.

Results
The search strategy yielded 1615 studies eligible 
for inclusion after duplicates were removed 
between the inception of the databases and 
December 2020 (Figure 1). All titles and abstracts 
were reviewed independently by two authors (SJT 
and BR) per inclusion criteria outlined above. In 
total, 28 abstracts were selected for full-text 
review. Of these, 13 observational studies were 
identified as having only abstract publications, 
with no associated full text to review. Ultimately, 
15 primary studies met full inclusion criteria, 
including six RCTs and nine observational stud-
ies (Table 1). Of the 15 included papers, 13 stud-
ies reported statistical analysis of motor function 
data. Two of the observational studies28,29 only 
included the number of participants who self-
reported motor symptom improvement. Most of 
the papers were published since 2010: five studies 
were published in the 2000s and 10 studies were 
published between 2010 and 2020. A total of 
3079 patients were included in studies evaluating 
the primary outcome of efficacy; of these, 133 
were enrolled in RCTs while the remaining 2946 
were enrolled in observational studies. Data from 
2266 patients (12 studies) were used to examine 
the secondary outcome of safety.

Study characteristics
We identified six RCTs examining the use of MC 
for the treatment of PD motor symptoms.30–35 
Sieradzan et  al.,30 Carroll et  al.31 and de Faria 
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et  al.34 used randomized crossover trial designs 
with 14 to 15-day washout periods in between 
treatment phases. Nine observational studies 
were included in the analysis, of which six were 
questionnaire-based survey studies. All studies 
included were done in an outpatient setting. Six 
studies (40%) were conducted in Europe, three 
(20%) in the Middle East, four (27%) in South 
America and two (13%) in the United States 
(Table 1).

Population characteristics
The total sample size of patients enrolled in RCTs 
(n = 6) was 133 patients, of whom 87 individuals 
were allocated to receive treatment with cannabis 
derivatives, while 88 patients were allocated to 

comparators (Table 2). Non-controlled open-
label studies (n = 3) enrolled 48 patients who 
received treatment with cannabis.

The mean age of participants among studies 
investigating the primary outcome, excluding 
Micheli et al.28 as they reported a range instead of 
a mean, was 68.1 years. The mean age of partici-
pants enrolled in studies exploring the secondary 
outcome was 70.4 years. All studies except 
Sieradzan et  al.30 and Zuardi et  al.37 had mean 
ages above 60 years. The mean PD duration of 
participants enrolled in studies investigating the 
primary outcome, excluding Kindred et al.41 and 
Micheli et al.28 as they did not report mean dura-
tion, was 10.5 years, while that of those investigat-
ing the secondary outcome was 10.9 years. Only 

Figure 1.  PRISMA flow schema of literature search.
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seven studies reported the Hoehn and Yahr 
(H&Y) stage of their PD patients, of which three 
reported means, three reported medians and one 
reported a range. The mean H&Y stage was 1.78 
among the three studies, while the median among 
the other three studies was 2.2. Baseline charac-
teristics are summarized in Table 2.

Interventions
Of the nine studies that were intervention based, 
three used the phytocannabinoid CBD (33%), 
two used the synthetic cannabinoid nabilone 
(22%), two used the participants’ own home can-
nabis (22%), one used the endocannabinoid 
anandamide (11%) and one used an ethanolic 
extract of Cannabis sativa standardized to 3.5 mg 
Δ9-THC and 1.25 mg CBD per capsule (11%) 
(Table 2). Comparators included placebo in 
identical capsules, neurotensin, neurokinin B or 
no control group. Doses of the treatment were 
widely variable between studies, employing stand-
ard,32–34,38,39 weight-based30,31 and escalating 
doses.35,37 The route of administration was most 
commonly oral capsules (78% of intervention-
based studies, n = 7), although 22% (n = 2) were 
primarily smoked.38,39 Treatment duration ranged 
from single-dose administration to 6 weeks.

Among the questionnaire-based observational 
studies (n = 6), 575 of 2898 study participants 
reported cannabis use. Formulations were largely 
undescribed, with the majority of studies charac-
terizing route of administration instead as smoked/
inhaled, vaporized, edible or sublingual oil. Mean 
duration of use ranged from approximately 
2 months to 1.5 years.

Concomitant treatment
Patient use of standard antiparkinsonian medica-
tions was mentioned in 12/15 (80%) of the 
included studies (Table 1). Only five studies 
(33%), two RCTs and three observational, 
describe specific agents used by enrolled patients 
for standard antiparkinsonian therapy. One study 
did provide these data in a supplemental table, 
but it was unavailable at the time of data extrac-
tion.31 Levodopa was the most frequently used 
agent, although other common ones included 
pramipexole, rasagiline, amantadine, dopamine 
agonists such as pergolide and unspecified 
anticholinergics. Of the five studies, one study 
provided doses of antiparkinsonian agents used 

by enrolled patients30, one study39 provided the 
mean levodopa dose, and one study37 provided 
median levodopa dose. These latter two studies 
did not provide doses for agents other than levo-
dopa. A single study32 evaluated MC use after the 
administration of a suprathreshold dose of levo-
dopa—that is, higher than the usual effective 
dose. This is notable as it may have blunted the 
effects of the intervention on PD motor symp-
toms and dyskinesia. Some 20%40–42 of the 
included studies did not comment on concomi-
tant treatment. Additionally, 20%30,31,38 inten-
tionally withheld levodopa the day before or the 
day of treatment to examine motor function dur-
ing the functional “off” period.

Risk of bias
The risk of bias of the RCTs is represented in 
risk-of-bias graphs (Figures 2 and 3), Table 3, 
and a risk of bias summary (Figure 4).

1.	 Random sequence generation: All included 
studies were randomized but only two of the 
six studies adequately described the method 
used to generate the random sequence.

2.	 Concealment of allocation: Only one 
study described how the sequence was con-
cealed; the remaining five did not report 
any such information.

3.	 Domain S (carryover and period 
effects): While adequate washout periods 
in all three crossover trials were in place to 
mitigate carryover effects, none of the stud-
ies reported on-period effects.

4.	 Blinding of participant and personnel: 
Only two of the six studies provided ade-
quate explanations of how blinding was 
achieved. There was high risk of bias in one 
study wherein the majority of participants 
correctly identified their treatment alloca-
tion at the end of the study period despite 
the double-blind nature of the trial.31

5.	 Blinding of outcome assessment: Three 
studies adequately described how outcome 
assessors were blinded to the intervention, 
while the remaining three were judged to 
have unclear risk of bias.

6.	 Incomplete outcome data: Two studies 
were at high risk of bias as two randomized 
patients in both studies were excluded from 
the analysis. The remaining five studies had 
low risk of bias with outcome data available 
for all randomized patients.
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7.	 Selective reporting: Four studies were 
noted to be at low risk of bias with all trials 
analyzed appropriately in accordance with 
their pre-specified plan. Two studies were 
judged to have high risk of bias for present-
ing results selected from multiple eligible 
analyses of the data.

8.	 Other potential bias: All six studies had 
less than 50 patients in each treatment arm, 
representing high risk of bias.

Overall, all RCTs included in the analysis were 
judged to be at high risk of bias (Figures 2 and 3).

Among the nine observational studies, three were 
judged to be unsatisfactory with respect to risk of 
bias and the remaining six studies were judged to 
be satisfactory (Table 4). None of the observa-
tional studies achieved the minimum score to be 
considered good with respect to risk of bias. 
Deficits were noted most markedly across studies 

Figure 2.  Bias assessment for randomized controlled trials using the Cochrane risk of bias tool criteria.
Scoring: low risk of bias, high risk of bias, unclear risk of bias.

Figure 3.  Bias assessment for crossover trials using the Cochrane risk of bias tool criteria.
Scoring: low risk of bias, high risk of bias, unclear risk of bias.
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in terms of sample size selection, ascertainment of 
exposure, descriptions of non-respondents and 
outcome assessment method.

Primary outcome: Motor function
Effectiveness with respect to motor function 
improvement was most widely measured across 
studies using part 3 of the Unified Parkinson 
Disease Rating Scale (UPDRS), which has been 

revised for clinical use by specialists from the 
Movement Disorder Society.43 The UPDRS III 
sub-scale is examination based and is a sum of 
scores from 27 clinical observations with the total 
score ranging from 0 to 108.

Motor function outcome data are summarized  
in Table 5. Thirteen studies examined motor 
function, of which four were RCTs, three were 
observational open-label studies and six were  

Table 3.  Cochrane risk of bias table for included randomized controlled trials and crossover trials.

Study Cochrane risk of bias tool criteria Total

  Selection bias S Performance 
bias

Detection 
bias

Attrition 
bias

Reporting 
bias

Other 
bias

Random 
sequence 
generation

Allocation 
concealment

Carryover 
and period 
effects

Blinding of 
participants 
and personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Sample 
size

 

Sieradzan 
et al.30

1 1 1 2 2 0 0 0 7

Carroll et al.31 2 1 1 0 1 0 0 0 5

Mesnage 
et al.32

1 1 1 2 2 2 0 9

Chagas 
et al.33

1 1 1 1 2 2 0 8

de Faria 
et al.34

1 1 1 1 1 2 2 0 9

Peball et al.35 2 2 2 2 2 2 0 12

Figure 4.  Risk of bias summary across all included randomized controlled trials and crossover trials.
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retrospective questionnaire-based studies. These 
studies were highly heterogeneous with respect to 
outcome measurement. They used the Unified 
Parkinson Disease Rating Scale (UPDRS), meas-
urements of tremor amplitude, subjective motor 
disability scales, or patient self-reports of motor 
symptom improvement as outcome metrics. Only 
one of the four RCTs, which enrolled 24 patients 
who were given a single dose of oral CBD, showed 
a significant improvement in terms of tremor 
amplitude (p < 0.05), but not frequency (p = 0.899), 
using a single-dose administration of MC.34 The 
results of this study were not amenable to meta-
analysis owing to significant heterogeneity in the 
constructs of the outcome measurement tool and 
in the statistics used to report the data despite 
using a random-effects model.

The remaining three RCTs all measured improve-
ment in motor outcomes using the change in 
UPDRS III motor scores from the baseline assess-
ment to the final one after the intervention was 
administered. Figure 5 summarizes these results 
using the calculated mean difference between the 
intervention (cannabis and its derivatives) and 
control groups. The data from these three 
RCTs32,33,35 analyzed results from 83 patients. 
There was no significant improvement in UPDRS 
motor scores over the duration of use in one33 of 

the three studies (p = 0.675). The other two 
RCTs32,35 reported a worsening of scores in the 
MC arm over the duration of use, but the change 
was worse in the placebo arm compared with the 
MC arm. As such, although meta-analysis of the 
variation in UPDRS III scores favored the use of 
cannabis with a mean difference of −0.21, this was 
not statistically significant (95% CI −4.15 to 3.72; 
p = 0.92). There was no statistical heterogeneity 
noted when a random-effects model was used.

Nine of the 13 studies examining motor outcomes 
were observational, as outlined above. The three 
open-label studies demonstrated improvement in 
mean UPDRS III motor scores, with statistically 
significant (p < 0.001) improvements in two38,39 
of the three studies. Notably, these two studies 
involved single-dose administration. Only the one 
study that demonstrated no significant improve-
ment37 had a 4-week duration of use. Of the six 
retrospective questionnaire-based studies, two 
studies28,29 did not statistically analyze their 
results, opting to instead report the number of 
participants who reported subjective improve-
ment in motor symptoms with MC use. Three of 
the six questionnaire-based studies (50%) dem-
onstrated statistically significant improvement in 
motor symptom burden using participant self-
reports. Only one41 of the questionnaire-based 

Table 4.  Modified Newcastle–Ottawa criteria for cross-sectional studies.

Study Selection Comparability Outcome Total

Representativeness 
of sample

Sample 
size

Ascertainment 
of exposure

Non-
respondents

Subjects in 
different 
outcome 
groups are 
comparable

Assessment 
method

Statistical 
test

 

Venderova et al.36 * * ** * 5

Zuardi et al.37 * ** ** * 6

Lotan et al.38 * ** ** * 6

Finseth et al.29 * ** 3

Shohet et al.39 * ** ** * 6

Balash et al.40 * ** * 4

Kindred et al.41 * * ** * 5

Micheli et al.28 * * ** 4

Yenilmez et al.42 * * ** * 5

Scoring: Very Good Studies 9–10 points; Good Studies 7–8 points; Satisfactory Studies 5–6 points; Unsatisfactory Studies 0–4 points.
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Table 5.  Motor function and dyskinesia data of included studies.

Study Scale Motor function and dyskinesia data Effect estimates

Controlled trials

Sieradzan 
et al.30

Rush dyskinesia disability 
scale
On-period duration
% on-period dyskinesia

Median total dyskinesia score
levodopa + nabilone: 17 (R 11–25)
levodopa + placebo: 22 (R 16–26)
Mean on-period duration (SEM)
Levodopa + nabilone: 169.6 (24.1) minutes
Levodopa + placebo: 156.7 (16.2) minutes
% on-period dyskinesia (SEM)
Levodopa + nabilone: 98.2% (0.1%)
Levodopa + placebo: 96.1% (1.7%)

p < 0.05: nabilone significantly reduced total 
levodopa-induced dyskinesia compared with 
placebo
p > 0.5 no difference in on-period duration
p > 0.5 no difference in % on-period dyskinesia

Carroll 
et al.31

UPDRS IV dyskinesia score
Rush dyskinesia scale
Bain dyskinesia scale

Size of treatment effect UPDRS IV score
0.52 (95% CI −0.1 to 1.1)
Size of treatment effect Rush dyskinesia 
score
−1.5 (95% CI −5.5 to 2.5)
Size of treatment effect Bain dyskinesia score
−0.7 (95% CI −11.9 to 10.6)

p = 0.09, not significant worsening in UPDRS 
dyskinesia score with cannabis
p = 0.44, not significant improvement in Rush 
dyskinesia score with cannabis
p = 0.90, not significant improvement in Bain 
dyskinesia score with cannabis

Mesnage 
et al.32

UPDRS III motor score 
variation (baseline-final)
severity of dyskinesia

Mean UPDRS III motor score (baseline – final)
CBD: −3 (5)
Placebo: −0.5 (8.51)
Severity of dyskinesia, score/min
CBD Baseline: 2.6 (1.6) → Final: 2.8 (1.9)
Placebo Baseline: 3.1 (1.3) → Final: 3 (1.4)

No difference in percentage of parkinsonian 
motor improvement and severity of levodopa-
induced dyskinesias between cannabinoid 
antagonists and placebo

Chagas 
et al.33

UPDRS III motor score 
variation (baseline-final)
UPDRS IV score variation 
(baseline-final)

CBD 75 mg
UPDRS III 3.85 (5.37)
UPDRS IV −0.43 (1.99)
CBD 300 mg
UPDRS III 3.00 (5.16)
UPDRS IV 0.43 (2.64)
Placebo
UPDRS III 2.17 (8.23)
UPDRS IV −1.00 (2.19)

Kruskal–Wallis test: p = 0.675
No significant difference between mean score 
variations among the three groups for UPDRS III
ANOVA: F = 0.644, Kruskal–Wallis: p = 0.538
No significant difference between mean score 
variations among the three groups for UPDRS IV

de Faria 
et al.34

Simulated public speaking 
test accelerometer data
Tapping test

Power spectrum peak (PSP)
F(1, 20) = 6.19
Power spectrum entropy (PSE)
F(1, 20) = 1.63
Power spectrum peak frequency (PSPF)
F(1, 20) = 0.02
TT (bradykinesia)
F(1, 21) = 0.15

ANOVA showed significant differences for the 
drug only in the PSP variable (amplitude of 
fundamental frequency of movement), p = 0.022, 
not the PSE (p = 0.216) or PSPF (p = 0.899) 
variables; amplitude of tremor reduced 
significantly, but not frequency
In the tapping test no effect was observed from 
the drug, p = 0.701

Peball 
et al.35

UPDRS III (baseline – final)
UPDRS motor score 
(baseline – final)

Nabilone
UPDRS III −0.53 (95% CI −2.24 to 3.29)
UPDRS motor −1.00 (95% CI −2.16 to 4.16)
Placebo
UPDRS III −2.63 (95% CI 0.25–5.02)
UPDRS motor −3.53 (95% CI 0.78–6.28)

Nabilone
UPDRS III p = 1.000, UPDRS motor p = 0.790
both scores worsened in the nabilone arm, not 
significant
Placebo
UPDRS III p = 0.034, UPDRS motor p = 0.018
both scores significantly worsened in the placebo arm

Observational studies

Venderova 
et al.36

Muscle rigidity, 
bradykinesia, tremor, 
dyskinesia subjective 
changes rated

Bradykinesia alleviation: 38 (44.7%)
Muscle rigidity Alleviation: 32 (37.7%)
Rest tremor alleviation: 26 (30.6%)
L-dopa-induced dyskinesia alleviation: 12 
(14.1%)

With ⩾3 months use reported significantly more 
often improvement in:
•  Bradykinesia (p < 0.01, X2 test)
•  Muscle rigidity (p < 0.01, X2 test)
•  Resting tremor, (p < 0.01, X2 test)
• � No relationship between length of cannabis 

use and dyskinesia
patients using cannabis ⩾once/day reported 
improvement in dyskinesia significantly more 
often than those using ⩽once/day, p < 0.05, X2 test

(Continued)
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Study Scale Motor function and dyskinesia data Effect estimates

Zuardi 
et al.37

UPDRS motor score UPDRS III total motor score
Baseline: 44.5 (20.5–62) → Final: 36 (31–64)
UPDRS IV score
Baseline: 3 (1–7) → Final: 2.5 (0–7)

Improvement in UPDRS III motor score, not 
statistically significant, Z = 1.2, Wilcoxon signed 
rank test
improvement in UPDRS IV score, not statistically 
significant, Z = 0.4, Wilcoxon signed rank test

Lotan 
et al.38

UPDRS III motor score UPDRS III total motor score
Baseline: 33.1 (13.8) → Final: 23.3 (10.5)
UPDRS III tremor sub-score
Baseline: 7.55 (4.79) → Final: 3.64 (2.8)
UPDRS III rigidity sub-score
Baseline: 7.55 (3.79) → Final: 6.48 (3.56)
UPDRS III bradykinesia sub-score
Baseline: 13.12 (6.88) → Final: 8.62 (5.5)
UPDRS III posture sub-score
Baseline: 1.90 (1.58) → Final: 1.55 (1.1)

Significant improvement in mean total UPDRS 
motor score, t = 5.8, p < 0.001
Significant improvement in mean UPDRS tremor 
sub-score, p = 0.000
Improvement in mean UPDRS rigidity sub-score, 
p = 0.004
Significant improvement in mean UPDRS 
bradykinesia sub-score, p = 0.000
Improvement in mean UPDRS posture sub-score, 
p = 0.056

Finseth 
et al.29

Subjective motor symptom 
improvement

N = 2 (22%) reported benefits in motor 
symptoms

Ø

Shohet 
et al.39

UPDRS III motor score UPDRS III total motor score
Baseline: 38.1 (18) → Final: 30.4 (15.6)

Significant improvement in mean UPRDS motor 
score, p < 0.0001
Findings consistent between 2 raters, intra-class 
correlation coefficient 0.91

Balash 
et al.40

Falls, muscle stiffness, 
tremor (subjective 5-point 
clinical global impressions 
scale)

Fall complaints
Prior to MC use: n = 22/47 (46.8%)
With MC use: n = 6/18 (33.3%)
Reported reduction in muscle stiffness
n = 32/44 (72.7%)
Reported reduction in tremor
n = 30/41 (73.2%)

Significant reduction in complaints of falling, 
p < 0.05, r2 = 0.89
Significant reduction in reports of general muscle 
stiffness, p < 0.001, r2 = 0.62
Significant reduction in reports of tremor
p < 0.001, r2 = 0.64

Kindred 
et al.41

Subjective overall 
effectiveness (0–7 Likert 
scale)
Guy’s Neurological 
Disability Scale (subjective)

Effectiveness
6.2 (1.8)
GNDS arm/hand sub-scale
Use: 9.8 (1.1)
Non: 9.9 (1.2)
GNDS mobility sub-scale
Use: 2.1 (1.4)
Non: 2.2 (1.3)

Effectiveness Likert scale not specific to motor 
symptoms
No significant difference between users and non-
users in terms of GNDS motor sub-scales

Micheli 
et al.28

Overall symptom 
improvement
Improvement in: 
stiffness, gait, tremor, 
motor slowness, other 
motor symptoms, falls, 
dyskinesias

Motor symptom Improvement: 42 (34.7%)
Stiffness: 15 (12.4%)
Gait: 11 (9.1%)
Tremor: 8 (6.6%)
Motor slowness: 6 (5%)
Other motor symptoms: 5 (4.1%)
Falls: 1 (0.8%)
Dyskinesias: 1 (0.8%)

Ø

Yenilmez 
et al.42

PD motor symptom 
improvement

Stiffness: 21 (18.6%)
Freezing: 13 (11.5%)
Tremor: 17 (15.0%)
Postural instability: 6 (5.3%)
Dyskinesia: 2 (1.8%)
Falls: 1 (0.88%)
Nighttime involuntary Movements: 0 (0%)
Restless legs: 6 (5.3%)

Efficacy on stiffness/immobility/akinesia was 
more frequently reported in the THC group [8/16 
(50%) versus 4/26 (15.4%), p = 0.03]
Better efficacy compared with dopaminergic 
agents reported more frequently in THC group, 
non-Significant [12/15 (80.0%) versus 7/20 
(35.0%), p = 0.06]

SEM, standard error of the mean; UPDRS, Unified Parkinson’s Disease Rating Scale; CBD, cannabidiol; THC, tetrahydrocannabinol; PD, Parkinson’s 
disease; GNDS, Guy’s Neurological Disability Scale; ANOVA, analysis of variance.

Table 5.  (Continued)
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studies reported no significant difference in motor 
outcomes between MC users and non-users in 
terms of the motor sub-scale of a subjective neu-
rological scale completed by participants.

Although most of the included observational 
studies, which lack appropriate controls, demon-
strate a favorable effect with the intervention, the 
overall evidence from controlled studies does not 
support a significant improvement in PD motor 
symptoms with MC use. Notably, all included 
studies had a high risk of bias.

Primary outcome: dyskinesia
Eight of the included studies reported primary out-
come data pertaining to the alleviation of dyskine-
sia and LID (Table 5). Four of these studies were 
RCTs, one was an observational open-label study, 
and the remaining three were retrospective ques-
tionnaire-based studies. The UPDRS part IV sub-
score which captures complications of therapy43 
was most commonly used to measure LID data 
across studies. The Rush and Bain dyskinesia 
scales and patient self-reports of symptom improve-
ment were also used to assess for dyskinesia in a 
minority of studies. Dyskinesia data were not ame-
nable to meta-analysis owing to significant hetero-
geneity in measurement tools and non-combinable 
descriptive statistics used to report the data. Only 
1/8 (12%) of the included studies reported statisti-
cally significant improvement in dyskinesia 
(p < 0.05) with the use of cannabis. This study was 
a RCT that used nabilone to assess LID allevia-
tion.30 Although 4/8 (50%) of studies show effect 
estimates consistently favoring the intervention, 
these were not statistically significant. Of these, 
objective scores were used to measure dyskinesia 
by two RCTs and one open-label trial, while 
patient self-reports of improvement were used by 
one questionnaire-based study. Two28,42 of the 
questionnaire-based studies only reported the 
number of participants who reported subjective 

improvement in dyskinesia without any statistical 
analysis. Overall, there was insufficient evidence to 
support the use of MC to alleviate dyskinesia.

Secondary outcome: safety data
Safety data are summarized in Table 6. There were 
no severe adverse events reported in any of the 12 
studies examining the secondary outcome of safety—
study drugs were generally well tolerated. Only two 
studies33,38 used scales or adverse event surveys to 
capture safety data. Most studies reported the num-
ber of participants who described specific side 
effects, and a sub-set31,40 of these descriptively classi-
fied side effects as either physical or psychotropic in 
nature. Balash et al.40 provide safety data over the 
longest period of use, 19.1 months. They report psy-
chotropic effects including confusion, anxiety, hal-
lucinations, short-term amnesia and psychosis in 
38% (n = 18) of participants and physical adverse 
effects including unsteadiness, dizziness, dyspnea 
and cough in 45% (n = 21) of participants.40

The most commonly reported side effects across 
all studies were fatigue, unsteadiness and dizzi-
ness. Only 15 (0.66%) of the 2266 participants 
enrolled in studies examining safety data reported 
stopping MC during the study period due to 
intolerable side effects or ineffectiveness. These 
culprit side effects were unspecified. Among the 
RCTs, only two participants were withdrawn 
from the interventional arm of the study—one for 
vertigo, and the other for symptomatic postural 
hypotension.30 In summary, cannabis and its 
derivatives were largely well tolerated across stud-
ies, although these studies generally relied on 
patient self-report and assessed side effects over 
relatively short (⩽4 weeks) durations of use.

Funding sources
Some 53% of the 15 included studies had no fund-
ing support or conflicts of interest to declare. Four 

Figure 5.  Change in Unified Parkinson Disease Rating Scale III motor score from baseline to final 
measurement between MC and control groups.
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Table 6.  Adverse event profile of included studies.

Study Scale Safety data Effect estimates

Controlled trials

Sieradzan et al.30 Physical adverse effects All patients had postural fall in SBP 
in both off and on states n = 2 patients 
withdrawn after nabilone treatment, 
one due to vertigo and one due to 
symptomatic postural hypotension; 
n = 5 patients experienced other 
adverse effects including mild sedation, 
“floating sensation,” dizziness, 
hyperacusis, partial disorientation, 
visual hallucinations

No significant difference 
between placebo and nabilone 
groups in terms of postural fall 
in SBP

Carroll et al.31 Physical and 
psychological adverse 
events

Physical (UTI, dry mouth, altered taste, 
MSK pain, diarrhea, constipation, 
nausea, dizzy)
cannador: n = 18
placebo: n = 9
Psychological (drowsy, detached, 
paranoia, nightmares, confusion, 
forgetful)
cannador: n = 20
placebo: n = 6

All mild adverse events were 
ameliorated by dose reduction, 
no serious adverse events

Mesnage et al.32 Ø Ø Anandamide well tolerated 
without marked adverse 
events

Chagas et al.33 Udvalg for Kliniske 
Undersogelser (UKU) 
side effect rating scale

Ø No significant side effects 
recorded in any of the groups 
assessed with the UKU or 
through verbal reports

de Faria et al.34 Ø Ø No side effects reported during 
or after sessions

Peball et al.35 Ø Insomnia n = 2 in both arms;
URTI n = 3 in placebo arms; only pain 
n = 1 in nabilone arm, n = 2 in placebo 
arm;
Fall n = 1 in both arms;
Syncope n = 2 in placebo arm only

Overall incidences of all-cause 
AEs were similar between 
groups
No severe AE occurred in any 
patient during the study and 
follow-up period

Observational studies

Venderova et al.36 Ø n = 3 discontinued using cannabis 
because of unspecified side effects

Ø

Zuardi et al.37 Ø Ø No adverse event observed 
during treatment with CBD

Lotan et al.38 NDARC medical 
cannabis survey adverse 
effects

Hypoglycemia resolved with glucose 
intake n = 1 dizziness n = 1

No significant adverse effects 
during study
Long-term adverse effects 
reported: somnolence, 
drowsiness, palpitations, bad 
taste

(Continued)
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studies disclosed funding support from government, 
education or research institutions.34–37 Two studies 
received support in the form of cannabis products 
from pharmaceutical companies—the studies 
reported no significant improvement37 and worsen-
ing35 of motor symptoms associated with cannabis 
use. Three questionnaire-based observational stud-
ies had authors who were consultants, received con-
ference or lecture fees from pharmaceutical 
companies, or were employees of the pharmaceuti-
cal industry.40–42 Although a minority of studies 
(n = 7, 47%) do report conflicts of interest, overall, 

the data included in this systematic review do not 
appear to be significantly influenced by these.

Discussion
The primary objective of this systematic review 
and meta-analysis was to identify the currently 
available evidence for the efficacy and safety of 
cannabis and its derivatives for the treatment of 
motor symptoms and dyskinesia in adults with 
PD. To our knowledge this is the first systematic 
review and meta-analysis to include and assess 

Study Scale Safety data Effect estimates

Finseth et al.29 Ø Ø No one reported worsening of 
symptoms or side effects

Shohet et al.39 Ø Ø Ø

Balash et al.40 Physical and 
psychotropic adverse 
effects

Any adverse effects n = 28 (59.6%)
Any psychotropic effects n = 18 (38.3%)
Confusion n = 8 (17%)
Anxiety n = 8 (17%)
Hallucinations n = 8 (17%)
Short-term amnesia n = 3 (6.5%)
Psychosis n = 1 (2.1%)
Any physical adverse effects n = 21 
(44.7%)
Cough n = 15 (4.7%)
Dyspnea n = 2 (12.8%)
Dizziness n = 6 (12.8%)
Unsteadiness n = 7 (15.6%) n = 12/61 
patients (7/14 excluded and 5/47 
included individuals, 19.7%) stopped 
using MC because of ineffectiveness or 
intolerable adverse effects

No hospitalizations or severe 
adverse effects were reported

Kindred et al.41 Ø Ø Ø

Micheli et al.28 Ø Any adverse effects n = 18 (14.9%)
Drowsiness n = 6 (4.95%)
Motor worsening n = 4 (3.3%)
Hallucinations n = 2 (1.65%) palpitations 
abdominal pain weight loss

No serious adverse effects 
reported

Yenilmez et al.42 Ø Any side effects n = 41 (36.3%)
Fatigue n = 22 (54%)
Tachycardia n = 2 (5%)
Nausea/vomiting n = 2 (5%)
Ravenous appetite n = 9 (22%)
Hallucinations n = 4 (10%)
Visual disorder n = 5 (12%)
Headache n = 4 (10%)
Other n = 4 (10%)

Overall tolerance not 
significantly different between 
THC and CBD, p = 0.06
Significantly different 
occurrence of side effects 
between THC and CBD [12/22 
(54.5%) versus 7/37 (18.9%), 
p = 0.01]

SBP, systolic blood pressure; UTI, urinary tract infection; MSK, musculoskeletal; AE, adverse effect; NDARC, national drug and alcohol research 
centre; MC, medical cannabis; CBD, cannabidiol; THC, tetrahydrocannabinol.

Table 6.  (Continued)
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RCTs, observational non-randomized interven-
tional studies and observational questionnaire-
based studies, specifically for motor symptom 
efficacy and safety. Previous systematic reviews 
either covered cannabinoids for PD among other 
neurodegenerative and movement disorders18,44,45 
or evaluated efficacy across more broad domains 
without combining outcome data.46 As such, this 
review enhances our knowledge by evaluating and 
collating particular efficacy and safety endpoints 
among all available RCTs and real-world obser-
vational studies in the PD population. This sys-
tematic review establishes that the current 
evidence for the use of cannabis and its deriva-
tives for the alleviation of motor symptoms in PD 
is heterogeneous and that there is a dearth of 
robust placebo-controlled studies.

Variable MC use duration, outcome measures, 
MC formulations, doses and concomitant 
treatments
Treatment durations among interventional studies 
were widely variable, ranging from single-dose 
administration to a maximum of 6 weeks. 
Additionally, no studies evaluated motor function 
in follow-up after cessation of the intervention. 
Consequently, despite improvement in motor out-
comes among non-randomized observational stud-
ies, we are unable to comment on persistent benefit 
and long-term effectiveness in any of the included 
studies. Further, four of the studies that demon-
strated favorable improvement in PD motor symp-
toms using MC without achieving statistical 
significance, and three of the studies that demon-
strated statistically significant improvement, 
reported these in the context of single or one-time 
split-dose administration. As such, the utility of all 
these results in the evaluation of cannabinoids as 
adjunctive treatment options in PD is limited.

Furthermore, the lack of data on the development 
of tolerance with chronic MC use in the context 
of PD is not surprising given the relatively short 
durations of use among included studies. 
Tolerance, with its gradual dose escalation to 
maintain effect, remains an area of concern in the 
context of chronic MC for neurological diseases.47 
However, pre-clinical studies have demonstrated 
that chronic treatment with certain cannabinoids 
such as CBD does not produce tolerance.48,49 
Indeed, tolerance was not observed in the setting 
of nabiximols, which contains a 1:1 mixture of 
CBD and Δ9-THC, in clinical studies in 

the multiple sclerosis patient population.50,51 
Long-term studies examining MC use for PD 
would be helpful to elucidate the extent of toler-
ance development with various cannabinoids.

Although Balash et  al.40 do demonstrate statisti-
cally significant benefit over the longest duration 
of MC use identified in this study, their method of 
outcome measurement relied entirely on patient 
self-reports as opposed to observational scores.40 
In fact, although the UPDRS was most commonly 
used to measure motor function and dyskinesia, 
the overall heterogeneity of outcome measures 
across studies was notable, with eight of the 15 
studies using other scores or subjective self-reports 
of improvement as metrics. Given these inconsist-
encies within the available body of evidence, 
results reported across studies must be interpreted 
with caution. The results are further muddled by 
highly heterogeneous doses and formulations of 
MC across studies that also render clinical deci-
sion-making based on the current body of evi-
dence difficult. Moreover, none of the studies 
were conducted in a Canadian setting—unsurpris-
ingly, the formulations studied, with the exception 
of nabilone, are not eligible for prescription drug 
coverage in Canada, limiting the application of 
these studies in a Canadian context.

Moreover, while a majority (80%) of studies men-
tion participants’ use of concomitant standard PD 
therapies, a minority (33%) of these describe the 
drugs used in detail. Given cannabinoid therapies 
are being explored as adjuvant therapies in these 
studies, more descriptive data around concomitant 
treatments are necessary to elucidate the benefit 
derived from their use. Additionally, the included 
studies do not specifically comment on concomi-
tant therapies when drawing conclusions either in 
support of, or against, the use of cannabinoids for 
PD motor symptoms. Our initial search did iden-
tify a single open-label pilot study abstract (not 
included given lack of full text) that demonstrated 
significant improvement in a PD quality-of-life 
score, which encompasses functional mobility as a 
domain, specifically when CBD was added to usual 
PD treatment. However, the usual PD treatment 
was again not described in any further detail.52 We 
suggest that variation in baseline PD treatment may 
be a factor contributing to the conflicting results to 
support cannabis and its derivatives in PD. Future 
studies should examine baseline concomitant PD 
treatment in more detail to determine whether 
adjuvant benefit, or lack thereof, can be persistently 
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demonstrated among the variety of standard treat-
ments currently available.

Evaluation of MC early in the PD course is 
understudied
Cannabis and its derivatives were consistently 
evaluated in patients who had PD for at least 
6 years prior to their enrollment in the studies 
(mean 10.5 years). This may in part be due to 
patient recruitment largely occurring in move-
ment disorder clinics or through PD patient socie-
ties wherein patients are well differentiated. This 
merits special consideration in the evaluation of 
evidence for the use of MC in PD because the 
timing of administration did appear to influence 
the effectiveness of cannabinoids for neuroprotec-
tion in pre-clinical studies.12 In a rat model, 
although CBD did have an effect when treatment 
was initiated immediately after the lesion to model 
PD was induced, it did not reverse dopaminergic 
injury when initiated 1 week after lesion induc-
tion.12 This suggests cannabinoids may play a 
more prominent role in preventing disease pro-
gression in earlier stages of moderate disease or in 
individuals at risk of developing PD, with more 
limited potential to alleviate disease progression in 
advanced stages of PD.12 As such, future trials for 
MC evaluation should specifically recruit patients 
earlier in their PD disease course and include 
newly diagnosed patients to more holistically eval-
uate the potential efficacy of cannabinoids.

Although well tolerated overall, the side 
effects of MC use remain concerning given the 
demographic profile of PD patients
The most commonly reported side effects were 
fatigue, unsteadiness and dizziness, and the aver-
age age of participants enrolled in studies examin-
ing the secondary outcome was 70.4 years. 
Although these were reported in a minority of the 
total patient population included in the 12 studies 
examining safety data, these particular side effects 
are concerning given the advanced average age of 
the PD population. MC use in geriatric popula-
tions warrants further consideration of factors 
such as frailty and pill burden. Further studies 
should include metrics for frailty and concomitant 
overall pill burden that extends beyond PD medi-
cations. Additionally, psychotropic side effects are 
also of concern in a geriatric population when 
evaluating MC. Formulations vary widely with 
respect to dose and their proportion of Δ9-THC 

and CBD. Many of the included observational 
studies did not describe the intervention’s Δ9-
THC proportion. Future evaluation of MC in PD 
warrants explicit measurements of Δ9-THC:CBD 
ratios in the interventions being tested.

No RCTs with low risk of bias
The quality of all available RCTs evaluating can-
nabinoids for motor symptoms in PD was poor 
with respect to risk of bias. While a dearth of 
high-quality evidence does not exclude the possi-
bility of benefit, changes in clinical practice can-
not be recommended based on the current 
available literature.

Strengths and limitations
This review is the first systematic review and meta-
analysis of the current literature on cannabinoids 
for the treatment of PD motor symptoms that 
closely examines RCT, non-randomized interven-
tion study and retrospective observational data. 
Further, previous systematic reviews only pro-
vided narrative summaries of individual studies 
examining the therapeutic potential of MC in PD. 
Ours is the first to synthesize results across studies 
both quantitatively and descriptively.

We acknowledge several limitations in this study. 
Limiting the scope of the review to efficacy with 
respect to motor symptoms meant that poten-
tially important safety data from studies that 
examined non-motor symptoms may not have 
been captured in this review. We elected to focus 
on motor symptoms of PD, given the heterogene-
ity of previous work. Additionally, also due to the 
heterogeneity of the included studies, the data 
were unable to be meta-analyzed for the out-
comes of dyskinesia and safety. Finally, as is the 
nature of review publications, the validity of the 
results is limited by publication bias.

Conclusion
Our review found insufficient evidence to support 
integration of MC into PD clinical practice for the 
treatment of motor symptoms, validating the results 
of previously published reviews. Most of the available 
evidence was assessed to have high risk of bias. We 
have sufficient evidence from retrospective question-
naire-based studies to establish subjective symptom 
alleviation and interest among PD patients in using 
MC. However, before cannabinoids can be readily 
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integrated into PD treatment frameworks, more 
robust evidence in the form of high-quality RCTs 
with objective symptom assessment is required. 
Placebo-controlled investigations should be con-
ducted with larger sample sizes, over longer durations 
of intervention, with consistent use of standardized 
tools such as the UPDRS as opposed to self-reports 
for outcome measurement. These studies should look 
at tolerance and the role of MC as an adjuvant treat-
ment to standard parkinsonian therapies among 
patients with more variable disease course to elucidate 
the effectiveness of various formulations of MC for 
the treatment of motor PD symptoms.
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