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Abstract: Introduction: Multiple Sclerosis (MS) is associated with a wide range of debilitat-
ing symptoms, and conventional therapies often fail to adequately address the disease’s
multifaceted challenges. Cannabidiol (CBD) 13.0% + Delta9-tetrahydrocannabinol (THC)
9.0% (CBD13/THC9), a vaporized cannabis-based medicinal product, presents a novel
therapeutic option for managing MS symptoms. Methods: This single-center longitudinal
study followed 69 MS patients over a six-month period. Participants were assessed at
treatment initiation and at three- and six-month intervals. Key measures included muscle
spasticity, urine bladder dysfunction, and the evaluation of disability progression rate. The
evaluation included the Modified Ashworth Scale (MAS), the Post Void Residual (PVR)
volume, and the Expanded Disability Status Scale (EDSS). Results: Significant improve-
ment was observed across all outcome assessments. The EDSS score was decreased over
time (p = 0.009), indicating a slight reduction in disability progression rate, while MAS
scores showed substantial improvement in muscle spasticity (p < 0.001). Urine bladder
function improved significantly, with PVR volume showing notable improvement between
baseline and the six-month assessment (p < 0.001). Correlation analyses revealed that
a gradual increase in vaporized CBD13/THC9 dose was correlated with slightly lower
EDSS scores, while the adverse effects were negatively associated with the frequency of
cannabinoid use. Finally, patients who were smokers used CBD13/THC9 more frequently.
Conclusions: The vaporized CBD13/THC9 formulation demonstrated notable efficacy in
slightly improving disability progression rate via reduction in muscle spasticity and urine
bladder dysfunction in MS patients. This highlights its addon therapeutic value during
rehabilitation in MS patients with debilitating disability symptoms.

Keywords: multiple sclerosis; cannabinoids; THC:CBD; disability; spasticity; bladder
dysfunction
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1. Introduction

Multiple Sclerosis (MS) is a chronic, autoimmune disease of the central nervous sys-
tem (CNS) that involves both inflammation and neurodegeneration, resulting in concurrent
demyelination and axonal damage [1]. This dual pathology gives rise to a broad spectrum
of disability symptoms, including motor impairment and chronic pain due to muscle spas-
ticity, gait and balance impairments, fatigue, bowel and urine bladder dysfunction, and
cognitive decline [2].

Conventional pharmacological therapies, including disease-modifying treatments
(DMTs) and strategies for disability symptom management, aim to modulate immune
responses and alleviate symptoms and, consequently, improve the patients” quality of life
(QoL). However, they often fail to adequately address the multifaceted challenges of MS,
such as effective reduction in muscle spasticity [3,4], neuropathic pain management [5],
and apprehension of disability progression rate. In response to these therapeutic chal-
lenges, cannabinoids have emerged as promising complementary therapeutic agents for
the management of MS symptoms, including MS-related muscle spasticity, urine bladder
dysfunction, and neuropathic pain [6].

Among the cannabinoids, Delta9-tetrahydrocannabinol (THC) and cannabidiol (CBD)
are the most extensively researched and clinically utilized [7]. These compounds exert
their effects by interacting with the endocannabinoid system (ECS), which plays a vital
role in neuro-immunological modulation. Into the ECS, G-protein-coupled receptors,
known as cannabinoid-1 (CB1) and cannabinoid-2 (CB2) [8], exert distinct and versatile
effects. CB1 receptors suppress neurotransmitter release and exhibit analgesic effects,
amongst other neurotransmission-inhibiting properties [9]. In contrast, CB2 receptors,
which are primarily expressed on immune cells, regulate the immunological response and
the permeability efficacy within the CNS [6,10].

THC functions as a partial agonist of CB1 and CB2 receptors, with a primary affin-
ity for CB1 receptors. By modulating neurotransmitter release, THC reduces excitatory
signals, thereby alleviating muscle spasticity and pain [8]. Additionally, THC activates
CB2 receptors on immune cells, leading to a decrease in pro-inflammatory cytokines and
the inhibition of microglial activation, contributing to its anti-inflammatory properties [10].
CBD, on the other hand, operates through a more complex mechanism. Although it exhibits
low direct affinity for CB1 and CB2 receptors, CBD indirectly enhances the ECS activity by
inhibiting the enzymatic breakdown of anandamide, an endogenous cannabinoid. This
results in elevated anandamide levels, which strengthen CB1-mediated analgesic and anti-
spasticity effects. Moreover, CBD interacts with other receptor systems, including Transient
Receptor Potential Vanilloid Type 1 (TRPV1) and serotonin receptors, to regulate pain per-
ception and potentially alleviate anxiety and depression symptoms [11], which are common
comorbidities in MS. The complementary actions of THC and CBD create a synergistic
effect, therefore enhancing therapeutic outcomes while mitigating the psychoactive side
effects typically associated with high doses of THC [10]. This theoretical phenomenon
is the basis of the introduction and widespread use of cannabinoid formulations with
similar content by weight ratios of THC and CBD for MS-related symptoms such as muscle
spasticity, urine bladder dysfunction, and neuropathic pain [10].

Cannabis-based medicinal products, such as Nabiximols—an oromucosal spray con-
taining a defined 1:1 ratio of THC and CBD by weight—has demonstrated significant
efficacy in managing muscle spasticity, neuropathic pain, and urine bladder dysfunction.
This has led to its approval in several countries as an adjunctive therapy for MS [12].
Building upon this, vaporized cannabis-based medicinal products offer a new alternative
among cannabis-based treatments. The most common vaporized formulation is derived
from the Cannabis sativa L. plant (“Midnight” variety), featuring a balanced 9% THC and
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13% CBD content by weight ratio, and is delivered through certified vaporization devices
(CBD13/THCY) [13]. Its pharmacodynamics and unique administration properties provide
an additional approach to managing the above-mentioned MS-related symptoms.

Vaporization offers distinct pharmacokinetic advantages over oral and oromucosal
cannabinoid administration. By rapidly absorbing cannabinoids through the pulmonary
mucosal surface, vaporization ensures a significantly earlier onset of action, with effects
beginning within minutes rather than hours. Peak concentrations are typically reached
within one hour and maintained at therapeutic levels for 3-5 h, whereas oral administration
leads to a delayed response, with fluctuating plasma concentrations and effects lasting
from 8 to over 20 h [14]. Another key advantage is that vaporization bypasses first-pass
metabolism, which may reduce bioavailability and contribute to plasma cannabinoid level
inconsistencies. Finally, compared to oromucosal delivery, vaporization provides more
precise dose titration, allowing patients to achieve effective symptom relief with lower
doses and absent psychoactive effects [15]. Given these benefits, vaporization represents
a promising cannabinoid intake pathway for MS patients in need of rapid and controlled
symptom management.

The therapeutic potential of cannabinoids in managing core disability symptoms of
MS has been researched over the past three decades. Clinical studies have largely focused
on muscle spasticity and neuropathic pain [6,16-18], with many critical symptoms of MS,
such as bladder dysfunction and fatigue, remaining under investigation in this context [6].
Additionally, the efficacy of alternative cannabinoid administration methods, such as
vaporization or inhalation, has been minimally explored, despite their potential for rapid
and efficient delivery.

The current study aims to evaluate the possible impact of cannabinoid vaporization
therapy on key MS symptoms, including muscle spasticity and urine bladder dysfunc-
tion, which are fundamental when assessing the disability level and progression rate in
MS patients. Additionally, the authors sought to investigate whether therapeutic effects
of cannabinoids correlate with smoking status, CBD13/THC9 vaporized dose regimen,
frequency of use, and occurrence of side effects. To the best of our knowledge, this is the
first study attempting to evaluate real world data regarding the therapeutic efficacy of va-
porized CBD13/THC9. As such, by providing data into the efficacy and applicability of this
cannabinoid-based formulation, this research seeks to contribute to a more evidence-based
and individualized approach to MS management.

2. Methods
2.1. Design

This single-center longitudinal study was conducted over a six-month period, focusing
on patients with Multiple Sclerosis (pwMS) who began using a CBD13/THC9 vaporized
cannabis formulation [13]. Participants were evaluated at three time intervals: baseline,
three-, and six-month period after initiating CBD13/THC9 vaporization therapy. During
each assessment, muscle spasticity and urine bladder function were evaluated, providing
data on disability level and progression rates for each participant.

2.2. Participants

A total of 69 pwMS were recruited from the Multiple Sclerosis Outpatient Clinic of
the Second Department of Neurology at tertiary care Attikon University Hospital. Eligible
participants were aged between 18 and 60 years, had a confirmed MS diagnosis [19], a
disease duration of no less than 3 years [20], and symptoms of muscle spasticity in the
upper or lower extremities for which they had been receiving physical therapy sessions at
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a frequency of no less than twice a week. Furthermore, all included participants had been
receiving disease-modulating therapy (DMT) of similar efficacy.

Exclusion criteria included pregnancy, a history of cardiovascular or cerebrovascu-
lar disease, neurological comorbidities such as epilepsy, or other autoimmune disorders
affecting the CNS (e.g., systemic lupus erythematosus), chronic obstructive pulmonary
diseases, psychiatric comorbidities, and alcohol-substance abuse. Additional exclusion
criteria applied to pwMS included a clinical relapse within the last 12 months, prior use of
THC:CBD pharmaceutical products, administration of botulinum toxin A within the past
six months, and stable therapeutic management protocols for urine bladder dysfunction,
including oral agents and intermittent catheterization.

The study adhered to ethical standards in accordance with the Declaration of
Helsinki [21] and received approval from the Ethics Committee of Attikon University
Hospital (EBA48/23-01-2024). All participants received a written information sheet and
provided informed consent prior to the commencement of the study.

2.3. Outcome Measures and Data Collection

Baseline data collection included demographic variables (age, gender, and smoking
status), as well as MS-specific clinical information (disease duration). Smoking status
was recorded as a binary variable, with participants categorized as either smokers or non-
smokers based on self-reported tobacco use. Key outcome measures, including muscle
spasticity, urine bladder dysfunction, and disability status, were assessed at the initial
visit and during follow-up evaluations. Moreover, details related to CBD13/THC9 use,
including daily frequency, maximum dose regimen, and the occurrence of adverse effects
(AEs), were recorded and analyzed at the six-month interval.

Disability progression was assessed using the Expanded Disability Status Scale
(EDSS) [22], while muscle spasticity severity was measured using the Modified Ashworth
Scale (MAS) [23,24]. Urine bladder dysfunction was evaluated through Post Void Residual
volume (PVR) measurements, which determine the amount of urine in mL remaining in
the bladder after voiding. Although the measure of PVR is not universally established in
clinical practice for MS, it holds particular importance in MS research due to its association
with disease progression and lower urinary tract dysfunction [25].

2.4. Statistical Analysis

The primary objective was to evaluate the effects of CBD13/THC9 vaporization ther-
apy on muscle spasticity, urine bladder dysfunction, and disability progression rate over
a six-month period following its initiation. Repeated measures ANOVA was conducted
to compare muscle spasticity (MAS scores) and disability progression rate (EDSS scores)
across the three time points. ANOVA was selected as the most suitable statistical test,
since our study focused on examining within-subject variations over time. Given the
longitudinal design, repeated measures ANOVA allowed us to assess the trajectory of
symptom changes within the same individuals, enhancing the power to detect statistically
significant effects [26]. For urine bladder dysfunction, comparisons of PVR measurements
were conducted at baseline and after six months using a paired samples ¢-test. For all
measures, the assumptions required for parametric statistics, including normality and the
absence of outliers, were evaluated using Q-Q plots and boxplots and were found to be
met. For the EDSS and MAS scores, sphericity was assessed using Mauchly’s test. While
the assumption was satisfied for the EDSS scores, it was violated for the MAS scores. Con-
sequently, the Greenhouse-Geisser correction was applied to adjust for the violation in the
MAS score analysis [24]. To further explore potential factors correlating with the effects of
CBD13/THC9 vaporization therapy, correlation analyses were performed. This step aimed
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to identify associations between outcomes related to muscle spasticity, disability, and urine
bladder function, and demographic, MS-, and cannabinoid-specific variables. Smoking sta-
tus was treated as a binary variable (smoker /non-smoker) based on self-reported tobacco
use. Daily frequency of CBD13/THC9 use was recorded as the self-reported number of
times per day participants used the vaporized formulation. The dose regimen was analyzed
as a continuous variable representing the total daily amount of CBD13/THC9 administered.
AEs were categorized as a binary variable (presence/absence) based on whether partici-
pants reported experiencing any side effects related to the treatment. All statistical analyses
were conducted using IBM SPSS Statistics version 28.0.1.0, with statistical significance set
at p < 0.05 [27].

3. Results

Means =+ standard deviations were calculated for continuous variables, while nominal
variables were summarized using frequencies and percentages. The study included a total
of 69 pwMS, with an average age of 45.77 £ 8.65 years and a mean disease duration of
11.99 + 5.37 years. Females represented a slight majority of the sample (1 = 38, 55.1%)
(Table 1). Notably, all participants completed the study, and no dropouts were recorded
throughout the six-month follow-up period. Table 2 provides an overview of CBD13/THC9
use characteristics at the final assessment, including patterns of daily frequency use and
reported AEs.

Table 1. Summary table for patients” descriptive and clinical characteristics at baseline.

Characteristics

n % M SD Min Max

Gender
Male
Age
Smoking status
Smokers
Disease duration (years)

31 449
45.77 8.65 21 60

41 59.4
11.99 5.37 3 25

Notes. M: mean, SD: Standard deviation, Min: Minimum, Max: Maximum.

Table 2. Summary table for CBD13/THC9 vaporized therapy characteristics at the final assessment.

Characteristics n %

Frequency of CBD13/THC9 vaporization/day

1 8 11.6
2 6 8.7
3 49 71.0
4 5 7.2
5 1 14
Dose
50 29 42.0
100 31 449
150 8 11.6
200 1 14
Adverse Effects
Yes 38 55.1

The repeated measures ANOVA examining the effects of CBD13/THC9 vaporization
therapy on disability progression, as measured by the EDSS, showed a significant overall ef-
fect across the three time points, F(2, 136) = 4.92, p = 0.009, n?p = 0.14, with a medium effect
size, indicating a slight reduction in mean EDSS. Post-hoc pairwise comparisons with Bonfer-
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roni adjustments revealed a statistically significant decrease in EDSS scores between baseline
(3.99 £ 1.30) and six months (3.77 £ 1.23; p = 0.004, 95% CI [0.06, 0.38]). However, comparisons
between baseline and three months (3.89 + 1.26), as well as between three- and six-month
intervals, did not reach statistical significance (p = 0.567, 95% CI [-0.08, 0.27] and p = 0.282,
95% CI [—-0.06, 0.30], respectively) (Table 3 and Figure 1).

Table 3. Overview of descriptive statistics and baseline-to-follow-up comparisons.

Baseline 3 Months Follow-Up 6 Months Follow-Up Effect Size
Measures flt 14 (@)
M SD M SD M SD 4
EDSS 3.99 1.30 3.89 1.26 3.77 1.23 4.92 0.009 0.14
MAS 2.98 0.87 2.39 0.71 2.34 0.53 48.45 <0.001 0.42
PVR (mL) 83.67 41.61 — 67.08 26.47 4.50 <0.001 0.65
Notes. EDSS: Expanded Disability Status Scale, MAS: Modified Ashworth Scale, PVR: post-void residual volume.
N = 69 for all variables except for PVR (n = 48).
5.5 *hE
40 s
§ _ 5.0 ' - ‘ v 35 ’— #hk —1 ‘ 100 | |
SF 45 5@ ¥ %
a2 40 }: }: al 30 2 e
2 S 35 25 25 K3 = E :
@ 30 =7 20 c v I
25 15 60
Baseline  Follow up Follow up Baseline Follow up Follow up 50
(three (six (three (six Baseline Follow up
months) months) months) months) (six months)

Figure 1. Error bar chart illustrating comparisons across different time points for disability, muscle
spasticity, and post-void residual (PVR). Notes. ** p < 0.01, *** p < 0.001.

Likewise, the repeated measures ANOVA for muscle spasticity scores, as measured by
the MAS, indicated a significant overall effect, F(1.74, 118.17) = 48.45, p < 0.001, #?%p = 0.42,
indicating a large effect size. Post-hoc pairwise comparisons with Bonferroni correction
showed significant reductions in MAS scores from baseline (2.98 &£ 0.87) to three months
(2.39 £ 0.71; p < 0.001, 95% C1 [0.41, 0.76]) and from baseline to six months (2.34 & 0.53;
p < 0.001, 95% CI [0.43, 0.84]). The difference in MAS scores between three months and
six months was not statistically significant (p = 1.00, 95% CI [—0.09, 0.19]) (Table 3 and
Figure 1).

A paired samples t-test revealed a significant reduction in PVR from baseline (83.67 & 41.61)
to the six-month follow-up (67.08 + 26.47), t(47) = 4.50, p < 0.001, d = 0.65; 95% CI (9.17, 24.00),
indicating a significant improvement in bladder function over the study period, with a large
effect size. Data for this analysis were available for 48 out of the 69 patients taking part in the
study (Table 3 and Figure 1).

The occurrence of AEs was reported by up to 55.1% of participants (n = 38). These
included lightheadedness and fatigue (n = 25, 65.8%), gastrointestinal symptoms such as
diarrhea, nausea, and vomiting, and headache (n = 14, 36.8%), dry mouth (n = §, 21.1%),
and attention disturbances and disorientation (n = 8, 21.1%).

The correlation analyses identified that smoking status was negatively correlated
with the frequency of CBD13/THC9 use per day, r = —0.374, p = 0.002, suggesting that
smokers tended to use CBD13/THC9 more frequently. Smoking status was not significantly
correlated with any of the primary outcome measures (p > 0.05), indicating that disability
progression, muscle spasticity, and bladder urine dysfunction were independent of whether
a participant was a tobacco smoker or non-smoker. Furthermore, a negative correlation was
observed between the presence of AEs and the frequency of CBD13/THC9 use, r = —0.331,
p = 0.005, showing that patients experiencing AEs were less likely to use CBD13/THC9
regularly. Finally, a moderate negative relationship between the daily CBD13/THC9
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dose and EDSS scores at six months was observed, r = —0.387, p = 0.001, indicating that
higher doses are associated with slightly lower disability scores. No other significant
correlations were found between CBD13/THC9-related characteristics and the clinical
variables measured (Table 4).

Table 4. Correlations Between Study Variables.

Variable 1 2 3 4 5 6 7
1. Smoking —

2. Frequency/Day —0.374 ** —

3. Dose 0.053 —0.054 —

4. AEs —0.331 ** 0.156 0.140 —
5. EDSS (6 months) —0.133 0.157 —0.387 ** 0.019 —
6. MAS (6 months) 0.142 —0.013 —0.096 —0.080 0.365 ** —
7. PVR (6 months) 0.014 —0.058 —0.085 —0.068 0.442 ** 0.289 * —

Notes. EDSS: Expanded Disability Status Scale, MAS: Modified Ashworth Scale, PVR: post-void residual volume.,
AEs: Adverse Effects. N = 69 for all variables except for PVR (n = 48). * p < 0.05, ** p < 0.01.

4. Discussion

The purpose of this study was to evaluate the effects of CBD13/THC9 vaporization
therapy on key symptoms of MS, including disability progression rate, muscle spasticity,
and urine bladder dysfunction, over a six-month period. This single-center longitudinal
clinical study was conducted with a sample of 69 pwMS who initiated CBD13/THC9 vapor-
ization therapy. The findings demonstrated a slight reduction in the disability progression
rate over the six-month interval. This was attributed to a significant decrease in muscle
spasticity levels within the first three months of treatment, with the effects stabilizing by
the six-month interval. Additionally, urine bladder function improved, as evidenced by a
reduction in PVR volumes between baseline and the six-month interval. Smoking status
appeared to correlate with the frequency of CBD13/THC9 use, with smokers tending to
use CBD13/THC9 more frequently. Moreover, patients who experienced AEs were less
likely to use the treatment consistently. Higher daily cannabinoid doses were associated
with slightly lower levels of disability at six months, indicating a potential dose-response
relationship. Finally, AEs were reported by over 50% of the participants.

Although no specific investigation has been conducted for vaporized cannabinoids
to date, many clinical trials and studies of THC:CBD combinations have demonstrated
improvements in muscle spasticity, involuntary spasms and tremors, neuropathic pain,
and analgesic act in pwMS [6,9,16,17]. These findings support the therapeutic relevance
of THC:CBD combinations, similar to CBD13/THC9 active components and content by
weight. In addition, our findings are consistent with a 2018 systematic review and meta-
analysis that evaluated the efficacy of medicinal cannabinoids administered through oral
or oromucosal routes in MS. This analysis, which included 17 randomized, double-blind,
placebo-controlled trials (RCTs), demonstrated the effectiveness of cannabinoids in manag-
ing spasticity and bladder dysfunction [28].

The findings of this study highlight the potential benefits of CBD13/THC9 vaporized
formulations in managing MS symptoms, particularly when integrated into the existing
treatment framework of DMTs and other MS symptomatic therapies. DMTs primarily
focus on slowing disease progression by targeting underlying mechanisms [29], while
CBD13/THC9 vaporized formulations offer a distinct mechanism of action by addressing
both inflammation and neuronal signaling through the ECS [6,10]. Furthermore, oral
symptomatic therapies often fall short in alleviating specific symptoms, such as muscle
spasticity and bladder dysfunction, on their own, and rehabilitation protocols for the given
symptoms are usually integrated [2]. Hence CBD13/THC9 vaporized therapies appear to
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provide significant relief for these symptomatic challenges [6,10,28] and, at the same time,
enhance the effects of other symptomatic treatments and symptom rehabilitation protocols.
As a complementary therapy, they may contribute to overall MS symptom improvement.

The observed improvements in disability progression (EDSS) were statistically signifi-
cant; however, the effect size was moderate. Due to the absence of a control group, these
results should be interpreted with caution, as natural fluctuations in symptom severity,
placebo effects, or other confounding factors may have influenced the findings, limiting
the ability to establish a definitive cause—effect relationship. Additionally, this effect is
unlikely to reflect a direct alteration of the disease’s natural progress via the application
of CBD13/THC9 vaporized therapies, but instead highlights the symptomatic relief that
CBD13/THC9 vaporized formulations may provide. Muscle spasticity, a hallmark symp-
tom of MS, often contributes to reduced mobility and functional capacity, exacerbating the
overall disability experienced by patients [30]. By effectively reducing spasticity, cannabi-
noids may help restore some degree of physical function, allowing patients to perform
daily activities with greater ease and comfort. Moreover, the reduction in spasticity may
positively impact secondary complications associated with limited mobility, such as fa-
tigue, muscle pain, and joint stiffness, which are known to worsen disability. Improved
mobility may also promote better participation in physical therapy or other rehabilitative
interventions, further enhancing functional capacity over time.

Furthermore, the connection between muscle spasticity and bladder dysfunction [9]
in MS highlights the importance of evaluating both symptoms in attempted therapeutic
interventions. Muscle spasticity may contribute to the disruption of neural pathways
regulating bladder function by causing extensive mobility impairment before and during
the urination process. This includes the patient’s capability to reach the toilet on time and
maintain necessary hygiene standards during the urination process. Conversely, addressing
bladder dysfunction may alleviate secondary effects, such as discomfort and rigidity, that
may worsen muscle spasticity by increasing stress levels due to the patient’s significant
impairment in socializing and maintaining personal dignity due to urine bladder dysfunc-
tion [9]. Hence, MAS and PVR measurements are deemed essential for understanding the
broader impact of therapeutic intervention effects on these interconnected symptoms.

In general, although the numerical changes observed in EDSS, MAS, and PVR scores were
relatively modest, their statistical significance highlights their potential importance in clinical
practice and their role in the patients” QoL. In MS, the disability progression rate increases
due to the deterioration of muscle spasticity and urine bladder dysfunction, representing the
most significant factor contributing to a diminished QoL in MS patient [30-33]. This makes
their evaluation a crucial cornerstone of disease management. Additionally, the correlation
of therapeutic effects with factors such as smoking status, cannabinoid dose regimen, daily
frequency of use, and the presence of AEs, aimed to optimize the efficacy of CBD13/THC9
vaporized therapies. This approach enables personalized treatment approaches, refines
dosage strategies, effectively manages side effects, improves patient compliance, and ensures
long-term safety.

Despite the positive outcomes, there are some limitations that should be acknowl-
edged. Firstly, the sample size was small, which may limit the generalizability of the
findings to the broader MS population. Secondly, the study was conducted at a single
center, limiting the diversity of the participant pool. Thirdly, self-reported measures, such
as AEs, are subject to recall bias, which may influence the accuracy of the data collected.
The lack of a control group also limits the ability to definitively attribute the observed
improvements to the intervention, as natural disease variability or placebo effects cannot
be ruled out. However, as a prospective observational study, this research was designed
to assess the real-world effects of CBD13/THC9 vaporization therapy in clinical practice,
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rather than within the strictly controlled conditions of an RCT. While RCTs remain the
gold standard for evaluating pharmacological interventions, particularly for regulatory
approval, observational studies provide valuable insights into treatment effects in everyday
clinical settings, where patient experiences may better reflect real-world therapeutic out-
comes [34]. Furthermore, considering the nature of this study, the authors acknowledge that
randomization into a control group was not feasible, as it would have required withholding
an approved pharmaceutical treatment for muscle spasticity from eligible patients at the
time of the study. Finally, the authors acknowledge that variability in dosing regimens,
daily frequency of use, and participant adherence adds complexity to the interpretation of
the results.

The aforementioned limitations highlight the need for further research to address
unanswered questions. Future studies should aim to establish optimal dosing regimens,
investigate the long-term efficacy and safety of CBD13/THC9 vaporized therapies, and
include larger, more diverse patient populations to enhance generalizability. RCTs com-
paring vaporized cannabinoids to other administration methods seem also essential to
determine the most effective delivery mechanism, further validating these findings and
distinguishing treatment-related effects from potential confounding factors. Finally, future
research should explore the impact of this therapy on cognitive and emotional aspects of
MS, as these areas remain underexplored.

However, the urgency of this work cannot be overstated. For patients grappling with
the daily challenges of MS, the integration of cannabinoid-based therapies could represent a
paradigm shift in care. Beyond symptom management, these compounds hold the potential
to address underlying inflammatory pathways, offering a dual benefit of immediate relief
and possible disease modification.

5. Conclusions

This study explored the potential role of a CBD13/THC9 vaporized formulation as
a complementary approach for managing MS-related muscle spasticity and bladder dys-
function. Statistically significant improvements were observed in these symptoms over
six months; yet the magnitude of change was modest in some measures. The observed
correlations between higher CBD13/THC9 doses and slight reductions in disability levels,
as well as patterns related to smoking status and adverse effects, suggest that individual
responses to treatment may vary. These findings, while innovative in their nature, should
be interpreted with caution, as placebo effects, natural symptom fluctuations, and other
confounding factors cannot be ruled out. To establish causal relationships, validate these
preliminary observations, and assess the long-term safety and efficacy of vaporized cannabi-
noid therapies in MS, larger, multicenter studies with appropriate control conditions are
needed. Despite these limitations, this study represents an initial step toward understand-
ing the real-world application of vaporized THC:CBD formulations in MS management,
emphasizing the need for further research to refine treatment approaches that balance
therapeutic benefits with potential risks.

Author Contributions: Conceptualization, S.G.; methodology, K.S., D.K.K. and V.G.; software,
K.S.; validation, C.Z., J.S.T. and G.T.; formal analysis, K.S.; investigation, K.S. and D.K.K.; data
curation, K.S.; writing—original draft preparation, K.S., D.KK,, VG, VS, AK.C.,, A.A. and E-M.D;
writing—review and editing, C.Z., ].5.T., G.T. and S.G.; visualization, K.S; supervision, S.G.; project
administration, S.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2025, 14, 2121 10 of 11

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Attikon University Hospital
(EBA48, 23 January 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from S.G.
(the corresponding author).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Reich, D.S.; Lucchinetti, C.F.; Calabresi, P.A. Multiple Sclerosis. N. Engl. ]. Med. 2018, 378, 169-180. [CrossRef] [PubMed]

2. Haki, M.; AL-Biati, H.A.; Al-Tameemi, Z.S.; Ali, L.S.; Al-hussaniy, H.A. Review of multiple sclerosis: Epidemiology, etiology,
pathophysiology, and treatment. Medicine 2024, 103, e37297. [CrossRef]

3. Markova, J.; Essner, U.; Akmaz, B.; Marinelli, M.; Trompke, C.; Lentschat, A.; Vila, C. Sativex® as add-on therapy vs. further
optimized first-line ANTispastics (SAVANT) in resistant multiple sclerosis spasticity: A double-blind, placebo-controlled
randomised clinical trial. Int. |. Neurosci. 2019, 129, 119-128. [CrossRef]

4. Squintani, G.; Donato, F.; Turri, M.; Deotto, L.; Teatini, F.; Moretto, G.; Erro, R. Cortical and spinal excitability in patients with
multiple sclerosis and spasticity after oromucosal cannabinoid spray. J. Neurol. Sci. 2016, 370, 263-268. [CrossRef]

5. Russo, M.; Naro, A.; Leo, A.; Sessa, E.; D’aleo, G.; Bramanti, P; Calabro, R.S. Evaluating Sativex® in Neuropathic Pain Management:
A Clinical and Neurophysiological Assessment in Multiple Sclerosis. Pain Med. 2016, 17, 1145-1154. [CrossRef]

6. Nouh, R.A; Kamal, A.; Abdelnaser, A. Cannabinoids and Multiple Sclerosis: A Critical Analysis of Therapeutic Potentials and
Safety Concerns. Pharmaceutics 2023, 15, 1151. [CrossRef]

7.  Boggs, D.L,; Peckham, A.; Boggs, A.A.; Ranganathan, M. Delta-9-tetrahydrocannabinol and cannabidiol: Separating the chemicals
from the “weed”, a pharmacodynamic discussion. Ment. Health Clin. 2016, 6, 277-284. [CrossRef]

8.  Lu, H.C,; Mackie, K. Review of the Endocannabinoid System. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2021, 6, 607-615.
[CrossRef]

9. Haddad, F; Dokmak, G.; Karaman, R. The Efficacy of Cannabis on Multiple Sclerosis-Related Symptoms. Life 2022, 12, 682.
[CrossRef]

10. Nouh, R.A.; Kamal, A.; Oyewole, O.; Abbas, W.A.; Abib, B.; Omar, A.; Mansour, S.T.; Abdelnaser, A. Unveiling the Potential of
Cannabinoids in Multiple Sclerosis and the Dawn of Nano-Cannabinoid Medicine. Pharmaceutics 2024, 16, 241. [CrossRef]

11.  De Gregorio, D.; McLaughlin, R.J.; Posa, L.; Ochoa-Sanchez, R.; Enns, J.; Lopez-Canul, M.; Aboud, M.; Maione, S.; Comai, S.;
Gobbi, G. Cannabidiol modulates serotonergic transmission and reverses both allodynia and anxiety-like behavior in a model of
neuropathic pain. Pain 2019, 160, 136-150. [CrossRef] [PubMed]

12. Patel, V.B.; Preedy, V.R.; Martin, C.R. (Eds.) Neurobiology and Physiology of the Endocannabinoid System; Elsevier: London, UK, 2023.
[CrossRef]

13. Lavipharm. Product Features of Maroxim. Available online: https:/ /lavipharm.com/product-features-maroxim/ (accessed on
10 January 2025).

14.  Vuckovié, S.; Srebro, D.; Vujovi¢, K.S.; Vucetic, C.; Prostran, M. Cannabinoids and Pain: New Insights From Old Molecules.
Front. Pharmacol. 2018, 9, 1259. [CrossRef] [PubMed]

15. Huestis, M.A. Human Cannabinoid Pharmacokinetics. Chem. Biodivers. 2007, 4, 1770-1804. [CrossRef]

16. Koppel, B.S.; Brust, ].C.; Fife, T.; Bronstein, J.; Youssof, S.; Gronseth, G.; Gloss, D. Systematic review: Efficacy and safety of medical
marijuana in selected neurologic disorders: Report of the Guideline Development Subcommittee of the American Academy of
Neurology. Neurology 2014, 82, 1556-1563. [CrossRef]

17. Nielsen, S.; Germanos, R.; Weier, M.; Pollard, J.; Degenhardt, L.; Hall, W.; Buckley, N.; Farrell, M. The Use of Cannabis and
Cannabinoids in Treating Symptoms of Multiple Sclerosis: A Systematic Review of Reviews. Curr. Neurol. Neurosci. Rep. 2018, 18,
8. [CrossRef]

18.  Filippini, G.; Minozzi, S.; Borrelli, F.; Cinquini, M.; Dwan, K. Cannabis and cannabinoids for symptomatic treatment for people
with multiple sclerosis. Cochrane Database Syst. Rev. 2022, 2022, CD013444. [CrossRef]

19. Thompson, A.J.; Banwell, B.L.; Barkhof, F,; Carroll, W.M.; Coetzee, T.; Comi, G.; Correale, J.; Fazekas, F; Filippi, M.; Freedman,
M.S,; et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 2018, 17, 162-173. [CrossRef]

20. Ciccarelli, O.; Barkhof, F.; Calabrese, M.; De Stefano, N.; Eshaghi, A.; Filippi, M.; Gasperini, C.; Granziera, C.; Kappos, L.; Rocca,

M.A.; et al. Using the Progression Independent of Relapse Activity Framework to Unveil the Pathobiological Foundations of
Multiple Sclerosis. Neurology 2024, 103, €209444. [CrossRef]


https://doi.org/10.1056/NEJMra1401483
https://www.ncbi.nlm.nih.gov/pubmed/29320652
https://doi.org/10.1097/MD.0000000000037297
https://doi.org/10.1080/00207454.2018.1481066
https://doi.org/10.1016/j.jns.2016.09.054
https://doi.org/10.1093/pm/pnv080
https://doi.org/10.3390/pharmaceutics15041151
https://doi.org/10.9740/mhc.2016.11.277
https://doi.org/10.1016/j.bpsc.2020.07.016
https://doi.org/10.3390/life12050682
https://doi.org/10.3390/pharmaceutics16020241
https://doi.org/10.1097/j.pain.0000000000001386
https://www.ncbi.nlm.nih.gov/pubmed/30157131
https://doi.org/10.1016/C2020-0-03259-7
https://lavipharm.com/product-features-maroxim/
https://doi.org/10.3389/fphar.2018.01259
https://www.ncbi.nlm.nih.gov/pubmed/30542280
https://doi.org/10.1002/cbdv.200790152
https://doi.org/10.1212/WNL.0000000000000363
https://doi.org/10.1007/s11910-018-0814-x
https://doi.org/10.1002/14651858.CD013444.pub2
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1212/WNL.0000000000209444

J. Clin. Med. 2025, 14, 2121 11 of 11

21.

22.

23.

24.

25.

26.
27.
28.
29.
30.

31.

32.

33.

34.

WMA Declaration of Helsinki. Available online: https:/ /www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-
principles-for-medical-research-involving-human-subjects (accessed on 5 January 2025).

Bakalidou, D.; Voumvourakis, K.; Tsourti, Z.; Papageorgiou, E.; Poulios, A.; Giannopoulos, S. Validity and reliability of the Greek
version of the Modified Fatigue Impact Scale in multiple sclerosis patients. Int. ]. Rehabil. Res. 2014, 37, 271-276. [CrossRef]
Gregson, ]. Reliability of measurement of muscle tone and muscle power in stroke patients. Age Ageing 2000, 29, 223-228.
[CrossRef]

Meseguer-Henarejos, A.B.; Sinchez-Meca, J.; Lopez-Pina, ]J.A.; Carles-Herndndez, R. Inter- and intra-rater reliability of the
Modified Ashworth Scale: A systematic review and meta-analysis. Eur. |. Phys. Rehabil. Med. 2018, 54, 576-590. [CrossRef]
[PubMed]

Monti Bragadin, M.; Motta, R.; Messmer Uccelli, M.; Tacchino, A.; Ponzio, M.; Podda, J.; Konrad, G.; Rinaldi, S.; Della Cava,
M.; Battaglia, M.A.; et al. Lower urinary tract dysfunction in patients with multiple sclerosis: A post-void residual analysis of
501 cases. Mult. Scler. Relat. Disord. 2020, 45, 102378. [CrossRef] [PubMed]

Field, A. Discovering Statistics Using IBM SPSS Statistics; North American Edition; Sage Publications: Thousand Oaks, CA, USA, 2017.
IBM Corp. IBM SPSS Statistics for Windows, Version 28.0; IBM Corp: Armonk, NY, USA, 2021.

Torres-Moreno, M.C.; Papaseit, E.; Torrens, M.; Farré, M. Assessment of Efficacy and Tolerability of Medicinal Cannabinoids in
Patients With Multiple Sclerosis: A Systematic Review and Meta-analysis. JAMA Netw. Open. 2018, 1, €183485. [CrossRef]
Amin, M.; Hersh, C.M. Updates and advances in multiple sclerosis neurotherapeutics. Neurodegener. Dis. Manag. 2023, 13, 47-70.
[CrossRef]

Milinis, K.; Tennant, A.; Young, C.A. Spasticity in multiple sclerosis: Associations with impairments and overall quality of life.
Mult. Scler. Relat. Disord. 2016, 5, 34-39. [CrossRef]

Wasem, J.; Heer, Y.; Karamasioti, E.; Rouzic, E.M.-L.; Marcelli, G.; Di Maio, D.; Braune, S.; Kobelt, G.; Dillon, P. Cost and
Quality of Life of Disability Progression in Multiple Sclerosis Beyond EDSS: Impact of Cognition, Fatigue, and Limb Impairment.
PharmacoEconomics Open 2024, 8, 665-678. [CrossRef]

Islamoska, S.; Forman, C.R.; Panicker, ].N.; Flachenecker, P.; Phé, V.; Brichetto, G.; Blok, B.; Balrken, K.B. The impact of bladder
problems on well-being in multiple sclerosis—A cross-sectional study. Mult. Scler. Relat. Disord. 2024, 87, 105661. [CrossRef]
Lublin, ED.; Hiring, D.A.; Ganjgahi, H.; Ocampo, A.; Hatami, F; Cuklina, J.; Aarden, P,; Dahlke, F.; Arnold, D.L.; Wiendl, H.; et al.
How patients with multiple sclerosis acquire disability. Brain 2022, 145, 3147-3161. [CrossRef]

Song, ].W.; Chung, K.C. Observational studies: Cohort and case-control studies. Plast. Reconstr. Surg. 2010, 126, 2234-2242.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects
https://doi.org/10.1097/MRR.0000000000000057
https://doi.org/10.1093/ageing/29.3.223
https://doi.org/10.23736/S1973-9087.17.04796-7
https://www.ncbi.nlm.nih.gov/pubmed/28901119
https://doi.org/10.1016/j.msard.2020.102378
https://www.ncbi.nlm.nih.gov/pubmed/32683303
https://doi.org/10.1001/jamanetworkopen.2018.3485
https://doi.org/10.2217/nmt-2021-0058
https://doi.org/10.1016/j.msard.2015.10.007
https://doi.org/10.1007/s41669-024-00501-x
https://doi.org/10.1016/j.msard.2024.105661
https://doi.org/10.1093/brain/awac016
https://doi.org/10.1097/PRS.0b013e3181f44abc

	Introduction 
	Methods 
	Design 
	Participants 
	Outcome Measures and Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

