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Abstract

Background. Cannabis and cannabinoids have been investigated for their potential ther-
apeutic effects in Parkinson’s disease, but clinical research findings remain scant and
inconsistent. This study provides a systematic overview of peer-reviewed meta-analyses
assessing their impact on health outcomes in patients with Parkinson’s disease. Methods.
A comprehensive search of PubMed, EMBASE, Web of Science, and Google Scholar (from
database inception to April 2025) identified meta-analyses evaluating cannabis-based in-
terventions in Parkinson’s disease. Eligible studies reported pooled estimates of effects
on neurological symptoms. The most significant findings from the included studies were
summarized and qualitatively analyzed. Results. After screening 975 research items, six
meta-analyses of clinical and preclinical studies, primarily randomized controlled trials
(RCTs), were included. One meta-analysis of five RCTs demonstrated that pure cannabidiol
(CBD) or synthetic tetrahydrocannabinol (THC) significantly improved PD symptoms
(SMD = —0.41, p = 0.004). Another meta-analysis combining two RCTs and two non-RCTs
reported a significant improvement in the Unified Parkinson’s Disease Rating Scale (UP-
DRS) total score (MD = —4.19, p = 0.03). With regard to pain management, cannabinoids
were found effective in one study. Preclinical meta-analyses in animal models showed
notable motor improvements, including enhanced rotarod performance (MD = 31.63 s,
p = 0.003) and reduced pole test completion times (MD = —1.51 s, p = 0.028). Conclusions.
While meta-analyses of clinical studies suggest some benefits of specific cannabinoid for-
mulations, findings are still uncertain. Preclinical data, however, demonstrate interesting
motor improvements. Further well-designed RCTs are warranted to clarify the therapeutic
role of cannabis in Parkinson’s disease management.
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1. Introduction

Parkinson’s disease is a progressive neurodegenerative disorder characterized pri-
marily by motor symptoms such as bradykinesia, rigidity, tremor, and postural instability,
often accompanied by non-motor complications including sleep disturbances, anxiety, and
cognitive decline [1]. Despite advances in pharmacological and neurosurgical interven-
tions, many patients continue to experience suboptimal symptom control, adverse effects,
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or diminishing efficacy over time. As such, there is growing interest in complementary
approaches that may provide additional therapeutic benefits and improve quality of life [2].

Cannabis, a plant long known for its medicinal properties, includes different rec-
ognized subspecies, most notably Cannabis sativa and Cannabis indica. Cannabis sativa
(Figure 1) is typically characterized by a taller growth habit with narrow leaflets and
marked phytochemical variability across strains, whereas Cannabis indica exhibits a shorter,
more compact morphology with broader leaflets and distinct cannabinoid composition
profiles. From a pharmacological standpoint, cannabis and its bioactive constituents,
particularly cannabinoids such as tetrahydrocannabinol (THC) and cannabidiol (CBD),
have garnered increasing attention for their potential neuroprotective, anti-inflammatory;,
and symptom-modulating properties [3,4]. Emerging mechanistic studies suggest that
the endocannabinoid system may play a modulatory role in basal ganglia function and
neuroinflammation, both of which are central to the pathophysiology of Parkinson’s dis-
ease [5,6]. Preclinical research has demonstrated promising effects on motor performance
and neuroprotection in animal models [7,8], while early clinical trials and observational
studies have reported variable outcomes in humans [9-13].

Parkinson’s disease was selected as the specific focus of this literature overview
because it represents a neurodegenerative condition with a sufficiently mature and disease-
specific body of clinical and meta-analytical evidence on therapeutic cannabis and cannabi-
noids. Furthermore, the involvement of the endocannabinoid system [14,15] in Parkin-
son’s disease provides a biological rationale for targeted investigation, enabling a more
meaningful synthesis than would be feasible within a broader and more heterogeneous
neurodegenerative framework.

04

Gannabis sativg [

Figure 1. Botanical illustration of Cannabis sativa from Franz Eugen Kohler’s Medizinal-Pflanzen
(1887)—public domain image [16].

The aim of this review is to provide a systematic synthesis of existing meta-analytical
evidence regarding the effects of therapeutic cannabis and cannabinoids on health out-
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comes in patients with Parkinson’s disease. The novelty of the present work lies in its
comparative synthesis of existing meta-analyses, with particular emphasis on differences
in study inclusion, cannabinoid formulations, assessed outcomes, and overlap of primary
clinical trials.

2. Methods

This study provides a comprehensive overview of meta-analyses, following a stream-
lined version of the PRISMA guidelines [17]. To be considered for inclusion, meta-analyses
were required to report a pooled estimate of the effects of therapeutic cannabis, its extracts,
or derivatives on health outcomes in individuals with Parkinson’s disease or in experimen-
tal models of the condition. Additionally, eligible studies were required to be published in
peer-reviewed journals and to be available in English or to include an English-language
abstract. The inclusion criteria were as follows:

e Population (P): individuals diagnosed with Parkinson’s disease based on internation-
ally recognized clinical criteria, or animal models that accurately replicate the disease.

e Intervention (I): administration of therapeutic cannabis or cannabinoids via oral or
inhalation routes, for any duration.

e  Comparison (C): other therapeutic approaches or placebo.

e  Outcomes (O): any health-related parameter, including motor symptom changes and
quality of life improvements.

e  Study design (S): meta-analyses of laboratory experiments or clinical studies, with a
particular emphasis on Randomized Controlled Trials (RCTs).

An extensive search of PubMed, EMBASE, Web of Science, and Google Scholar was
conducted for relevant meta-analyses published from database inception to April 2025,
using the following search terms in titles or abstracts: “cannabis”, “hemp”, “marijuana”,
“cannabinoid*”, “CBD”, “cannabidiol”, “THC”, “tetrahydrocannabinol”, and “Parkinson*”.
Filters were applied to pre-select meta-analytical studies.

As an example, the search strategy for PubMed was the following: (“cannabis”[Title/ Abstract]
OR “hemp”[Title/ Abstract] OR “marijuana”[Title/ Abstract] OR “cannabinoid*”[Title/ Abstract]
OR “CBD”[Title/ Abstract] OR “cannabidiol”[Title/ Abstract] OR “THC"[Title/ Abstract] OR
“tetrahydrocannabinol”’[Title/ Abstract]) AND “Parkinson*”[Title/ Abstract].

One author (E.M.) screened all retrieved studies, with a second author (M.A.) verifying
the results for reproducibility. Data were manually extracted by M.A. using an Excel
spreadsheet, and any disagreements were resolved through discussion. The extracted data
included sample size (number of studies and participants), intervention characteristics,
major study endpoints, year of the literature search, and key findings of each meta-analysis.

To assess the methodological quality of the included meta-analyses, adherence to
internationally recognized reporting and appraisal standards was evaluated. Meta-analyses
of clinical studies were additionally assessed using the AMSTAR 2 (A MeaSurement Tool
to Assess Systematic Reviews 2) checklist [18], which is specifically designed to appraise
the methodological rigor of systematic reviews and meta-analyses of randomized and
non-randomized studies of healthcare interventions. Given the specific and relatively
narrow research niche addressed in this overview, the AMSTAR 2 appraisal was applied
with a pragmatic and flexible approach, emphasizing overall methodological transparency
and internal consistency rather than strict exclusion based on isolated checklist items.
Compliance with reporting guidelines such as PRISMA or MOOSE, as recommended
by the EQUATOR Network [19], was also examined. PRISMA provides a standardized
checklist for reporting systematic reviews and meta-analyses of clinical trials, while MOOSE
outlines evidence-based methods for meta-analyses of observational studies.
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The most significant findings from the included studies were summarized in a table
and qualitatively analyzed in the subsequent sections of the article.

3. Results

The search retrieved 975 research items—PubMed (12), Embase (24), WoS (739), and
Google Scholar (200)—and six meta-analyses evaluating the effects of therapeutic cannabis
and cannabinoids on Parkinson’s disease were identified [8,20-24] (the most relevant
characteristics of these studies are presented in Table 1). One study was excluded because
it was a student thesis, representing gray literature that did not meet our peer-review
eligibility criteria [25]. Among the included meta-analyses, one synthesized data from five
RCTs involving patients with Parkinson’s disease, reporting a significant improvement in
disease symptoms with pure CBD or synthetic THC (SMD = —0.41, p = 0.004) [20]. Other
meta-analyses, which included both RCTs and non-RCTs, assessed various cannabis extracts
and their impact on the Unified Parkinson’s Disease Rating Scale (UPDRS), though results
were mixed, with some failing to show statistically significant benefits (see Table 1 for
further details). With regard to pain management in Parkinson’s disease, a study confirmed
that cannabinoids are an effective treatment option [24]. Additionally, a meta-analysis of
41 laboratory studies using animal models of Parkinson’s disease demonstrated significant
motor function improvements, including enhanced rotarod test performance (MD = 31.63 s,
p = 0.003) and reduced pole test completion time (MD = —1.51 s, p = 0.028) [8].

Most included meta-analyses adhered to the PRISMA guidelines, ensuring method-
ological rigor. The quality of the included clinical meta-analyses [20-24] varied across
reviews, ranging from high to lower confidence levels (see the Supplementary Materials
for further details). Overall, most meta-analyses met key AMSTAR 2 criteria related to
comprehensive literature searches, study selection, data synthesis, and consideration of risk
of bias. Lower confidence ratings were primarily driven by limitations in reporting, such
as incomplete documentation of protocol registration, funding sources of included studies,
and assessment of publication bias, rather than by fundamental methodological flaws.
Given the relatively limited number of available clinical trials and the specialized nature
of this research field, these findings were interpreted cautiously, recognizing that some
AMSTAR 2 shortcomings may reflect structural and historical constraints of the evidence
base rather than substantive weaknesses.

Table 2 shows the degree of overlap among clinical studies included in the meta-
analyses, revealing that fewer than 50% of the studies are shared across them, indicating a
relatively low level of overlap.

Table 1. Summary of quantitative evidence about the health benefits of therapeutic cannabis and
cannabinoids for Parkinson’s disease.

Year .
Reference (Literature Glll{ie;ellei:es Pooled Analysis Health Outcomes Intervention Number of Studies
Search)
SMD = —0.41[95%  Disease symptoms . .
[20] 2021 PRISMA  CI: —0.69 to —0.13; (5 studies, Pure CBD or 5 RCTs involving
p=0.004] (* 152 patients) synthetic THC patients with PD
MD = —4.19[95%  UPDRS total score Cai EQEISEXD&‘:C « grlfoCnT;aCr}li
[21] 2017 - CI: —7.99 to —0.39; (4 studies, . . . . .
~0.03] (%) 80 patients) with different involving patients
p=" CBD:THC ratio with PD
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Table 1. Cont.

Year (Lit-

Reference erature R.e view Pooled Analysis Health Outcomes Intervention Number of Studies
Guidelines
Search)
Mostly pure CBD,
MD = —0.21 [95% UPDRS motor synthetic THC, or S EfnT;achi
[22] 2020 PRISMA Cl: —4.15t0 3.72; score (3 studies, cannabis extracts . . .
B . . o involving patients
p=0.92] 68 patients) with unspecified with PD
CBD:THC ratio
SMD = —2.02 [95% . Cannabinoids . .
[24] 2018 PRISMA  CL —2.84 to —1.43; P;m flltisxd;" (unspecified 25;:1(35: la‘i’fﬁvlif];g
p < 0.05] (*) patients composition) patients
Cannabis extracts
MD =0.39 [95% CI:  UPDRS total score with balanced 158131(:;{?1?8’?
[23] 2021 PRISMA —452t05.29; (2 studies, CBD:THC ratio, involvi?l aﬁsnts
p>0.05] 38 patients) pure CBD, and wi tl% II;D
synthetic THC
MD = 31.627 s
[95% CI: 10.98 to R(gt:fsigt
52.27s; p =0.003] (*)
MD = —151s Diffg?en'td 31 labgr}a:tory 1
[8] 2022 PRISMA  [95%ClL: —285to  Pole test (8 studies) ~ connavinoids —studies with anima
~0.16; p = 0.028] (*) administered orally models (mostly
2o P=T for 28-60 days mice) of PD
SMD = 0.36 [95% .
CL: —0.58 to 1.29; Of(’grs‘tf:lzlist)e“
p = 0.453]
Table description: Studies are ordered by sample size. Legends: CBD = Cannabidiol. CI = Confidence Interval.
MD = Mean Difference. PD = Parkinson’s disease. PRISMA = Preferred Reporting Items for Systematic reviews
and Meta-Analyses. SMD = Standardized Mean Difference. THC = Tetrahydrocannabinol. UPDRS = Unified
Parkinson Disease Rating Scale. (*) = Significant result (p < 0.05) in favor of cannabis-based interventions.
Table 2. Overlap of clinical studies among the included meta-analyses.
Meta-Analyses Described in This Literature Overview
Urbi et al., Qureshi et al., Thanabalasingam Guillermo S B;LI:a(:ﬂa ;5122
2022 [23] 2018 [24] etal,2021[22] etal,2018[21] °P [230]
v - v v v Chagas et al., 2014 [26]
- - - - v de Almeida et al., 2021 [27]
- - - - v de Faria et al., 2020 [28]
- - v - v Peball et al., 2020 [29]
- - - - v Sieradzan et al., 2001 [30]
- - v - - Mesnage et al., 2004 [31]
v v - v - Carroll et al., 2004 [32]

- - - v -
- - - v - Shohet et al., 2016 [34]

Table description: This table illustrates the overlap of primary clinical studies included across the meta-
analyses considered in this overview. Checkmarks (v') indicate inclusion of a given clinical study within
each meta-analysis.

Lotan et al., 2014 [33]
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4. Discussion

From a mechanistic standpoint, cannabinoids are thought to exert their effects on
neurological disorders primarily through CB1 and CB2 receptors: CB1 receptors modu-
late neurotransmission, potentially reducing pain perception and spasticity, while CB2
receptors influence immune function and may help mitigate neuroinflammation [35,36].
Cannabinoids have emerged as a promising therapeutic approach for Parkinson’s dis-
ease due to their strong presence in the basal ganglia and their modulatory effects on
dopaminergic, glutamatergic, and GABAergic signaling, with experimental evidence show-
ing cannabinoid agonists like WIN-55,212-2 (similar to THC) offer neuroprotection by
reducing excitotoxicity, glial activation, and oxidative stress [37]. In addition to CBD and
THC, other minor phytocannabinoids have also shown potential for treating neurological
conditions, including Parkinson’s disease [38].

From a clinical perspective, the primary symptoms targeted by cannabinoid treat-
ment in patients with Parkinson’s disease include treatment-resistant dyskinesia, anxiety,
agitation, pain, and persistent sleep disturbances, in particular when first-line therapies
prove insufficiently effective [11]. Especially in elderly and frail patients, some experts
recommend beginning treatment with pure CBD, gradually increasing the dose, and, if
there is no therapeutic response, consider adding THC-containing extracts [11]. However,
no standardized or internationally approved treatment protocols are currently available,
and while some scientific evidence exists, treatment decisions are still largely based on
the physician’s clinical experience. In general, the appropriate cannabis formulation and
dosage should be carefully individualized, following a thorough discussion of the potential
efficacy, side effects, accessibility, and costs: current evidence suggests that formulations
with higher THC content may offer greater therapeutic benefit; however, THC is also
associated with stronger psychotropic effects and an increased risk of psychosis, which is a
significant concern in the elderly Parkinson’s disease population [39]. Overall, therapeutic
cannabis products containing THC and CBD appear to be generally safe when used under
controlled clinical conditions, with most studies reporting no severe adverse events [35].
All the same, mild side effects such as dizziness, dry mouth, and fatigue are common,
especially with extracts high in THC, and individual factors like genetic variations can
increase the risk of more serious reactions, including hallucinations [40]. As such, medical
supervision and regular follow-up are essential to ensure safe use and to promptly address
any adverse effects.

The inconclusive findings from meta-analyses on the efficacy of cannabinoids for man-
aging Parkinson’s disease symptoms may stem from several factors: the limited number of
clinical trials, the absence of standardized treatment protocols, the substantial variability
in cannabis formulations (ranging from pure CBD to extracts with higher concentrations
of THC), and the fact that each meta-analysis is based on a different set of clinical stud-
ies, contributing to heterogeneity in the evidence base. Given that treatment plans must
be individualized and consider potential interactions with other medications, a one-size-
fits-all approach is not practical. Moreover, cannabinoids are often used as an add-on
therapy, particularly in advanced stages of Parkinson’s disease or in cases that are resistant
to conventional treatments: as a result, their perceived efficacy may be diminished due
to the severity and complexity of the underlying condition. Nonetheless, some clinical
studies have reported improvements in both symptoms and quality of life in patients with
Parkinson’s disease treated with pure CBD, THC, or combined cannabinoid extracts [20,21].
These positive findings are further supported by observational studies, which offer valuable
real-world clinical evidence beyond controlled trial settings [41-43]. Some researchers have
hypothesized that patients with Parkinson’s disease may benefit the most from cannabis
treatment for non-motor symptoms, such as pain, anxiety, and sleep disturbances [12].
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Overall, while preclinical studies have shown promising results [8], further well-designed
clinical research is essential to better understand the potential role of cannabinoids in
treating neurodegenerative conditions such as Parkinson’s disease.

5. Conclusions

In conclusion, while current evidence from meta-analyses and clinical studies sug-
gests that certain cannabinoid formulations may offer symptomatic relief for patients with
Parkinson’s disease, clinical research findings remain inconclusive due to limited trials,
heterogeneous preparations, and the absence of standardized treatment protocols. Cannabi-
noids are often used as adjunct therapies in advanced or treatment-resistant cases, which
may obscure their true efficacy. Encouraging results from preclinical studies highlight
their potential neuroprotective effects, supporting further exploration. Future research
should prioritize large-scale, well-designed randomized controlled trials that standardize
dosing, isolate specific cannabinoid compounds, and stratify patients by disease stage and
symptom profile. Additionally, studies investigating long-term safety, interactions with
conventional medications, and the role of minor cannabinoids could provide valuable
insights to guide clinical practice.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /msf2026043003 /s1, Table S1: Methodological quality assessment
of the included clinical meta-analyses according to the AMSTAR 2 checklist. Overall confidence
ratings were assigned according to the AMSTAR 2 guidance, based on the presence of weaknesses in
critical and non-critical domains.
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