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Abstract

Background and Objectives: As the medical community seeks alternative pain management strategies, cannabinoids
have emerged as a potential option. This review discusses the role of cannabinoids in chronic pain management
and their potential as an alternative treatment in pain medicine, focusing on efficacy, safety, and possible opioid
reduction. The objectives are to evaluate the efficacy and safety of cannabinoids in chronic pain management, explore
their potential to reduce opioid use, and identify the mechanisms by which cannabinoids exert their analgesic effects.
Additionally, the review seeks to highlight the clinical implications and limitations of using cannabinoids as an
alternative to opioids.

Methods: A comprehensive literature review and meta-analysis were conducted, focusing on studies from PubMed,
MEDLINE, and Cochrane, focusing on various types of studies. Data were extracted and analyzed to assess the
efficacy, safety, and potential opioid-sparing effects of cannabinoids. Mechanistic insights were also explored to
understand how cannabinoids modulate pain.

Results: Cannabinoids have shown efficacy in managing chronic pain, with evidence indicating their ability to
reduce pain and improve quality of life. Studies suggest that cannabinoids can provide significant analgesic effects,
although there is variability in efficacy across trials. Findings also show that Cannabinoids modulate pain through
the endocannabinoid system, which plays a crucial role in pain perception and inflammation.

Limitations: The variability in efficacy across studies suggests a need for standardized formulations and dosing
regimens. Long-term effects of cannabinoid use are not fully understood, necessitating further research. More high-
quality trials are needed to confirm findings and address potential biases.

Conclusion: Cannabinoids offer a promising alternative for chronic pain management, with the potential to mitigate
the opioid epidemic. Integrating cannabinoids into clinical practice, guided by evidence-based protocols, can provide
a safer and effective approach to chronic pain management.

Keywords: Opioid Epidemic, Chronic Pain Management, Cannabinoids, Medical Cannabis, Pain Relief, Opioid-Sparing Effects,
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1. Introduction

The opioid epidemic has emerged as a significant public health
crisis, characterized by high rates of addiction, overdose, and
mortality [1]. As a result, the medical community is urgently
seeking alternative pain management strategies that can reduce
dependence on opioids and mitigate their associated risks. One
such alternative that has garnered considerable attention is the
use of cannabinoids for chronic pain management. Cannabinoids,
which include compounds such as THC and CBD found in
cannabis, have been shown to provide analgesic effects through
their interaction with the endocannabinoid system [2]. This
system plays a crucial role in regulating pain, inflammation, and
other physiological processes, making it a promising target for
therapeutic intervention. Systematic reviews and meta-analyses
have demonstrated the efficacy of cannabis-based medicines in
managing chronic pain. For instance, a meta-analysis found that
cannabinoids significantly reduce pain compared to placebo, with
a notable variability in efficacy across different studies [1].

Another comprehensive review highlighted that cannabinoids are
effective for various types of pain, including neuropathic pain,
cancer-related pain, and fibromyalgia [3]. In addition to their
pain-relieving properties, cannabinoids have shown potential in
reducing opioid consumption. Observational studies have reported
that patients using medical cannabis for chronic pain often reduce
their use of opioids, thereby decreasing the risks of opioid addiction
and overdose [4]. This opioid-sparing effect is further supported
by evidence indicating that cannabinoids can enhance the efficacy
of lower doses of opioids, providing effective pain relief with
fewer side effects [5]. This research aim to investigate the role of
cannabinoids in chronic pain management and their potential to be
an alternative treatment in pain medicine.

2. Methods

2.1 Data Search Strategy: To ensure a comprehensive and sys-
tematic search for articles related to the efficacy of medicinal can-
nabis in chronic pain management and its comparison with opi-
oids using PRISMA guidelines, the following strategy was was
employed:

2.2 Study Selection: A comprehensive literature search was con-

ducted to identify studies evaluating the use of cannabinoids in
chronic pain management and their potential to mitigate opioid
use. The search included multiple databases such as PubMed,
MEDLINE, and Cochrane Library, covering publications from in-
ception to June 2024. Keywords used in the search included "can-
nabinoids," "chronic pain," "opioid-sparing,” "medical cannabis,"
"analgesia," and "endocannabinoid system."

2.3 Inclusion and Exclusion Criteria

2.3.1 Studies were Included if they:

* Evaluated the efficacy of cannabinoids in managing chronic pain.
* Explored the opioid-sparing effects of cannabinoids.

* Provided mechanistic insights into how cannabinoids modulate
pain.

* Were systematic reviews, meta-analyses, observational studies,
cross-sectional surveys, narrative reviews, randomized controlled
trials (RCTs), clinical practice guidelines, or surveys.

2.4 Studies were Excluded if they:

* Focused on acute pain or non-chronic conditions.

* Did not provide sufficient data on pain outcomes or opioid use.

* We’re not peer-reviewed or were published in non-English
languages.

2.5 Data Extraction: Data from the selected studies were extracted
independently by the author using a standardized data extraction
form, meticulously designed to capture critical information from
each study. The extracted data included:

* Study characteristics (e.g., authors, publication year, study
design, sample size).

* Intervention details (e.g., type of cannabinoid, dosage, duration
of treatment).

* Outcomes related to pain relief and opioid use (e.g., pain scores,
opioid consumption, adverse effects).

* Mechanistic insights into how cannabinoids modulate pain.

Discrepancies between reviewers were resolved through revision
or consultation with a second reviewer.

2.6 Data Collection: The data collection process involved the
systematic extraction of information using a standardized form.
This form captured essential details from each study, including the
authors, publication year, study design, participant characteristics,
sample size, intervention details, comparator, outcomes, and key
findings. The use of a standardized form ensured consistency
and systematic data collection, facilitating the comparison and
synthesis of information across studies.

2.7 Data Synthesis: A narrative synthesis of the findings was
performed, summarizing the evidence on the efficacy and safety
of cannabinoids in chronic pain management, their opioid-
sparing effects, and mechanistic insights. Quantitative data from
systematic reviews and meta-analyses were reported as effect sizes
(e.g., odds ratios, confidence intervals). Observational and cross-
sectional studies were summarized qualitatively, highlighting key

J Anesth Pain Med, 2024

Volume 9 | Issue 3 | 2



findings and trends.

2.8 Data Analysis: Standardized data were analyzed to calculate
overall effect sizes, determining the average effect of cannabinoid
therapy on pain management outcomes across all included studies.

2.9 Assessment of Heterogeneity: Heterogeneity Assessment
in meta-analyses was conducted to verify the variability or
differences in the outcomes, that can arise due to differences in
study populations, interventions, outcomes measured, and study
designs. Assessing heterogeneity is crucial to determine whether
the pooled effect estimates from different studies are consistent
and reliable.

2.10 Subgroup Analyses: Subgroup analyses were conducted to
identify potential sources of heterogeneity, such as variations in
study design, patient demographics, or types of cannabinoids used.
These analyses aimed to determine whether the effectiveness of
cannabinoids varied according to specific characteristics of the
studies or populations.

2.11 Study Design

2.11.1 Randomized Controlled Trials (RCTs) vs. Observational
Studies: Subgroup analysis compared the results of RCTs and
observational studies to assess if study design influenced the
outcomes. RCTs, with their rigorous design and randomization,
are typically considered the gold standard, whereas observational
studies may be subject to biases. Differences in outcomes between
these study types could highlight the impact of study design on the
reported efficacy of cannabinoids.

2.12 Patient Demographics

2.12.1 Age Groups: The effectiveness of cannabinoids may vary
across different age groups. Subgroup analysis examined whether
older adults, who may have more chronic conditions and different
pain management needs, experienced different levels of pain relief
compared to younger adults.

2.12.2 Gender: Another demographic factor analyzed was gender.
Men and women might respond differently to cannabinoids due
to biological and hormonal differences, potentially influencing the
outcomes of pain management.

2.12.3 Chronic Pain Conditions: The type of chronic pain condi-
tion (e.g., neuropathic pain, cancer-related pain, fibromyalgia) was
also a focus of subgroup analysis. Different pain conditions might
respond uniquely to cannabinoid treatment, and identifying these
differences can help tailor treatments to specific patient groups.

2.13 Types of Cannabinoids Used

2.13.1 THC vs. CBD: Subgroup analyses distinguished between
studies using tetrahydrocannabinol (THC), cannabidiol (CBD), or
a combination of both. THC and CBD have different mechanisms
of action and side effect profiles, which might lead to variations in
pain relief and other outcomes.

2.13.2 Synthetic vs. Natural Cannabinoids: The analysis also
compared the effects of synthetic cannabinoids (e.g., nabiximols)

versus natural cannabis products. Synthetic cannabinoids are often
standardized and regulated, while natural products can vary in
composition and potency.

2.14 Dosage and Administration Method

2.14.1 Dosage Levels: The analysis assessed whether different
dosage levels of cannabinoids influenced the effectiveness of pain
management. Higher doses might provide more pain relief but
could also be associated with increased side effects.

2.14.2 Methods of Administration: Different methods of admin-
istering cannabinoids (e.g., oral, inhalation, topical) were analyzed
to see if they impacted the outcomes. The bioavailability and onset
of action can vary significantly between these methods, affecting
their efficacy in pain relief.

2.15 Duration of Treatment

2.15.1 Short-term vs. Long-term Use: The duration of canna-
binoid use was another factor analyzed. Short-term studies might
show immediate effects, while long-term studies are necessary to
understand sustained efficacy and potential long-term side effects
or tolerance.

2.15.2 Sensitivity Analysis: Sensitivity analysis was conducted to
test the robustness of the primary findings of a systematic review or
meta-analysis by assessing how the results change when different
assumptions or criteria are applied. In this report, sensitivity
analysis was performed to determine the stability and reliability of
the effect estimates for the primary outcomes.

2.15.3 Publication Bias: Publication bias was performed to assess
the tendency for studies with positive results to be published more
frequently than studies with negative or inconclusive results. This
can skew the overall findings and affect the validity of systematic
reviews and meta-analyses. In the context of this report, the
potential for publication bias was assessed using several methods,
including visual inspection of funnel plots and statistical tests such
as Egger's test.

* Funnel plots were used to visually assess the potential for
publication bias. In a funnel plot, the effect size from individual
studies is plotted against a measure of study precision (e.g.,
standard error). Symmetry in the funnel plot suggests a low risk
of publication bias, while asymmetry may indicate the presence
of bias.

» Egger's test was performed to statistically assess the presence of
publication bias. A significant p-value (typically <0.05) indicates
potential bias.

2.15.4 Quality Assessment: The quality of included studies was
assessed using appropriate tools based on study design. Systematic
reviews and meta-analyses were evaluated using the AMSTAR
(A Measurement Tool to Assess Systematic Reviews) checklist.
Observational studies were assessed using the Newcastle-Ottawa
Scale. RCTs were evaluated using the Cochrane Risk of Bias Tool.
Narrative reviews and clinical practice guidelines were assessed
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for their methodological rigor and relevance.

3. Results

3.1 Data Collection: Results from PRISMA flow diagram:
From 4,183 records that were initially identified, 680 duplicates
removed, leaving 3,503 records for screening. After excluding
2,782 records, 721 reports were sought for retrieval, 64 of which
were not retrieved. Out of 657 assessed reports, 560 were excluded,
resulting in 26 studies included in the qualitative synthesis,
comprising systematic reviews, meta-analyses, observational
studies, randomized controlled trials, narrative reviews, and
clinical practice guidelines.

Outcome Measure

Pain Type

General Pain

General Pain Pain scores

reduction ([1])

3.2 Primary Outcomes

3.2.1 Pain Reduction Efficacy

* Cannabis-based medicines significantly reduce pain compared to
placebo, with an odds ratio (OR) of 1.41 (95% Confidence Interval
[CI] 1.23-1.61) [1].

» Effective for neuropathic pain, cancer-related pain, and
fibromyalgia, with a standardized mean difference (SMD) in pain
intensity of -0.61 (95% CI -0.75 to -0.48) [3].

* Mean difference in pain scores of -0.9 points on a 0-10 scale
(95% CI -1.11 to -0.69), indicating significant pain relief [1].

Confidence

Statistic Interval Interpretation

1.41

Demonstrates

Table 1: Efficacy of Cannabinoids in Managing Pain

3.3 Quality of Life
* Significant improvement in quality of life with an overall
Standardized Mean Difference (SMD) of 0.50 (95% Confidence

Outcome Measure

Statistic

Interval: 0.35 to 0.65), indicating effective enhancement due to
e-health interventions [1,3].

Confidence

Interval Interpretation

0.0

health interventions.

Table 2: Quality of Life

3.4 Opioid Reduction / Sparing Effects
« Significant reduction in opioid dosage by an average of 30%
when using medical cannabis for chronic pain [4].

* Enhanced efficacy of lower doses of opioids, providing effective
pain relief with fewer side effects [5].
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Pain

Type Outcome Measure Statistic

General

Not
specified

Confidence
Interval

Interpretation

Not specified

Table 3: Opioid Reduction

3.5 Secondary Outcomes

3.5.1 Mechanism of Action

* Interaction with CB1 and CB2 receptors, modulating pain signals
and reducing neuronal excitability and inflammation [2].

Mechanism Description

CB1 Receptor Interaction
CB2 Receptor Interaction

Inhibition of
Neurotransmitter Release

Reduction of Neuronal Cannabinoids

Excitability multi-fac

ecrease neuronal excitability, providing a

* Inhibition of neurotransmitter release, providing multifaceted
pain relief [6,7].

Reference
[6]
[6]

(4], (5]

(4], (5]

ed approach to pain management

Table 4: Mechanisms of Cannabinoid Analgesia

3.6 Data Analysis: Data were analyzed to calculate overall effect
sizes, determining the average effect of cannabinoid therapy on
pain management outcomes across all included studies.

3.7 Overall Effect Sizes Calculation

* Overall Effect Size: -5.22

* 95% Confidence Interval: (-5.51, -4.94)

The calculated overall effect size for the included studies is -5.22.
This indicates a significant reduction in the measured outcome,
with the 95% confidence interval ranging from -5.51 to -4.94,
demonstrating the robustness of the result across the studies.

3.8 Assessment of Heterogeneity: The heterogeneity analysis
indicated that while some outcomes showed consistent results
across studies, others exhibited significant variability. This
highlights the importance of considering study-specific factors
and employing appropriate statistical models to account for these
differences.

3.9 Pain Reduction

* I2 Statistic: 68%

* Interpretation: High heterogeneity indicates significant
variability in pain reduction outcomes across the included

studies. This suggests differences in study populations, types of
cannabinoids used, dosages, and methodologies. The random-
effects model was appropriate for pooling these studies to account
for this variability [1,3].

3.10 Quality of Life

* I2 Statistic: 34%

* Interpretation: Moderate heterogeneity suggests some variabil-
ity in the impact of cannabinoids on quality of life, but the results
are relatively consistent. This lower level of heterogeneity indi-
cates that the studies were more uniform in design or outcomes
measured, making a fixed-effects model suitable for synthesis
[1,3,8].

3.11 Opioid-Sparing Effects

* I? Statistic: 47%

* Interpretation: Moderate heterogeneity suggests variability
among studies regarding the reduction in opioid use when
cannabinoids are used. This could be due to differences in patient
populations, the specific cannabinoids used, or the methods of
measuring opioid sparing [4,5].
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Outcome 1% (%)
Pain Reduction 48.
Quality of Life 1

Opioid-Sparing Effects

Q Statistic (p-value)

Tau? (T?%) Interpretation

0.15 rate to high heterogeneity
0.05

0.12

Table 5: Heterogeneity Assessment for Primary Outcomes

3.12 Patient Satisfaction

* |2 Statistic: 62%

* Interpretation: Substantial heterogeneity indicates significant
variability in patient satisfaction outcomes across the included
studies. This suggests differences in study designs, patient
populations, and types of cannabinoids used. The random-effects
model was appropriate for pooling these studies to account for this
variability [9,10].

3.13 Healthcare Utilization

* |2 Statistic: 55%

e Interpretation: Moderate heterogeneity suggests moderate
variability in healthcare utilization outcomes across the included

I# ]

Outcome Statistic Statistic

studies. This variability could be due to differences in the
interventions, healthcare settings, or patient demographics. The
random-effects model was used to account for this variability
[11,12].

3.14 Cost-Effectiveness

* I? Statistic: 68%

* Interpretation: High heterogeneity indicates significant variabil-
ity in cost-effectiveness outcomes across the included studies. This
suggests differences in economic assessments, cost structures, and
healthcare systems. The random-effects model was appropriate for
pooling these studies to account for this variability [13,8].

Interpretation

High h

cost-effe

Table 6: Heterogeneity Assessment for Secondary Outcomes

3.15 Subgroup Analysis: Subgroup analyses were conducted to
identify potential sources of heterogeneity statistics for various
subgroups, the results highlights the variability in outcomes based
on different factors such as age, pain type, cannabinoid type, study
design, dosage, administration method, and treatment duration.
The results are as follows:

3.16 Young Adults (Aged 18-40)
* I? Statistic: 58%
* Interpretation: Moderate heterogeneity suggests that while

cannabinoids are effective in reducing pain in young adults, there
are variations in response likely due to differences in individual
characteristics and study methodologies [1,3].

3.17 Older Adults (Aged 60,)

* I? Statistic: 65%

*Interpretation: High heterogeneity indicates that the effectiveness
of cannabinoids in older adults varies significantly. Factors such as
comorbidities, concurrent medications, and differing responses to
cannabinoids may contribute to this variability [3,5].
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Subgroup Analysis: Age

r Q

Subgroup Statistic Statistic

Young Adu

Interpretation

Table 7: Age Subgroup

3.18 Patients with Neuropathic Pain

* I2 Statistic: 70%

 Interpretation: Substantial heterogeneity suggests significant
variability in the effectiveness of cannabinoids for neuropathic
pain. This could be due to differences in the types of neuropathic
pain, cannabinoid formulations, and dosages used in the studies
[6,7].

Subgroup Analysis: Pain Types

I# Q

Subgroup Statistic Statistic Tau?

Neuropathic 60.0
Pain

Pain

3.19 Patients with Cancer-Related Pain

* |2 Statistic: 60%

* Interpretation: Moderate heterogeneity indicates that cannabi-
noids are generally effective in reducing cancer-related pain, but
variations in cancer types, stages, and treatment protocols likely
contribute to the observed differences in effect sizes [9,13,14].

Interpretation

Table 8: Pain type Subgroup

3.20 Use of THC Dominant Products

* I> Statistic: 68%

* Interpretation: High heterogeneity indicates that THC dominant
products have variable effects on pain reduction, potentially due
to differences in THC concentrations, administration routes, and
individual patient responses [11,15].

Cannabinoid Types (THC vs. CBD)

i Q

Subgroup Statistic Statistic Tau?®

THC
Products

yminant

CBD Dominant

Products

3.21 Use of CBD Dominant Products

* I2 Statistic: 55%

 Interpretation: Moderate heterogeneity suggests that CBD
dominant products are effective for pain management, but the
variability in study outcomes highlights the need for standardized
CBD preparations and dosing regimens [5,8].

Interpretation

Table 9: CBD vs. THC Subgroup
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3.22 Study Design reported efficacy of cannabinoids. RCTs, with their rigorous design
RCTs vs. Observational Studies and randomization, generally provide more reliable estimates but
* |2 Statistic: 65% may show different results compared to observational studies,
* Interpretation: Differences in outcomes between RCTs and which might be subject to biases [4,10].

observational studies highlight the impact of study design on the

Subgroup Analysis: Study Design

I? Q
Subgroup Statistic Statistic Tau? Interpretation
CTs 5 45,2 0.3 Differe
rigorous

Table 10: Study Design Subgroup Annalisys

3.23 Dosage Levels effects. This suggests a dose-response relationship where efficacy
Interpretation: Higher doses of cannabinoids appear to provide and side effects both increase with dosage [1,3,8].
more pain relief but may also be associated with increased side

Subgroup Analysis: Dosage Levels

I Q
Subgroup Statistic Statistic Tau? Interpretation

0.45

regimens.

Table 11: Dosage Levels

3.24 Methods of Administration higher efficacy. The bioavailability and onset of action can vary
* |2 Statistic: 70% significantly between these methods, affecting their overall
* Interpretation: The method of administration impacts the effectiveness in pain relief [11,12].

outcomes, with oral and inhalation methods showing slightly

Subgroup Analysis: Methods of Administration

I? Q
Subgroup Statistic Statistic Tau?* Interpretation

Oral 50.0 at! : es, with oral

Moderate hete ; differe N individual

chara

Table 12: Methods of Administration Analysis

J Anesth Pain Med, 2024 Volume 9 | Issue 3 | 8



3.25 Duration of Treatment may show immediate effects, while long-term studies provide
* |2 Statistic: 60% insights into sustained efficacy and potential long-term side effects
e Interpretation: Both short-term and long-term use of or tolerance [1,5,14].

cannabinoids are effective in pain management. Short-term studies

Subgroup Analysis: Duration of Treatment

I Q
Subgroup Statistic Statistic Tau®*  Interpretation

Short-term

regimens.

Table 13: Treatment Duration Subgroup

3.26 Sensitivity Analysis: These analyses supported the reliability  in quality of life. The robustness of these results suggests that the
and validity of the overall findings that cannabinoids are effective  conclusions drawn from this systematic review and meta-analysis
in pain management and can reduce opioid use, with improvements  are dependable and applicable in clinical practice.

3.27 Excluding High-Risk Studies

Qutcome Original Effect Size Adjusted Effect Size Interpretation

Pain Reduction OR 1.41 (9¢

ity of Life SMD ( C ‘ ) 5 C vinimal change, consistent
findings

ght reduction, consistent

Table 14: Sensitivity Analysis Excluding High-Risk Studies
3.28 Excluding One Study at a Time
Qutcome Range of Effect Sizes Interpretation
Pain Reduction 0 tent, n study dominated

Quality of Life SMD 0 0.5z istent, no si study dominated

Table 15: Sensitivity Analysis Excluding One Study at a Time
3.29 Changing Inclusion Criteria

Qutcome Original Effect Size Adjusted Effect Size Interpretation

Pain Reduc OR 1.41 (95% . OR1.40 (9 o Minima
) findings

11.00-

findings

Table 16: Sensitivity Analysis Changing Inclusion Criteria
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3.30 Using Different Statistical Models

Outcome Fixed-Effects Model

Pain Reductio Cl1.25-

Quality of Life

Opioid-Sparing
Effects

Random-Effects Model

Interpretation

OR1.41

Consistent a

0.65) models

RR 1.23 ( 21 1.01-1.50) Consistent a

models

Table 17: Sensitivity Analysis Using Different Statistical Models

The sensitivity analyses demonstrated that the primary findings of
this review were robust and consistent across various scenarios:

* Excluding high-risk studies did not significantly alter the overall
effect sizes.

* No single study disproportionately influenced the results, as
indicated by the exclusion of one study at a time.

* Minor changes in the inclusion criteria resulted in minimal
changes in the effect sizes.

* The results remained consistent when different statistical models
were applied.

3.31 Publication Bias: The publication bias assessment indicated
a low risk of bias for most outcomes, including pain reduction,
opioid-sparing effects, and mechanisms of pain modulation.
However, the quality of life outcome showed slight asymmetry in
the funnel plot and a significant p-value in Egger's test, suggesting
the possibility of publication bias. This bias could lead to an
overestimation of the positive effects of cannabinoids on quality
of life.

3.32 Funnel Plot analysis

3.32.1 Pain Reduction

* Symmetry: The funnel plot for pain reduction outcomes was
symmetric.

* Interpretation: This symmetry indicates a low risk of publication
bias. The effect sizes from individual studies are evenly distributed
around the mean effect size, suggesting that the results are reliable
and not significantly influenced by selective publication of positive
findings.

3.33 Quality of Life

* Symmetry: The funnel plot for quality of life outcomes was
slightly asymmetric.

e Interpretation: This slight asymmetry suggests the possibility
of publication bias. Studies with smaller sample sizes (and thus
larger standard errors) may show different effect sizes compared
to larger studies. This could indicate that studies showing less
favorable outcomes are less likely to be published, leading to an
overestimation of the positive effects of cannabinoids on quality
of life.

3.34 Opioid-Sparing Effects

e Symmetry: The funnel plot for opioid-sparing effects was
symmetric.

* Interpretation: Symmetry in this plot indicates a low risk of
publication bias. The distribution of effect sizes around the mean
suggests that the results are consistent and not significantly skewed
by selective reporting or publication practices.

3.35 Mechanisms of Pain Modulation

* Symmetry: The funnel plot for mechanisms of pain modulation
was symmetric.

* Interpretation: The symmetric distribution of effect sizes in this
plot suggests a low risk of publication bias. This indicates that the
findings related to how cannabinoids modulate pain are reliable
and not significantly influenced by selective publication of studies
with positive results.

Outcome Funnel Plot Symmetry Interpretation
Pain Reduction Symmetric Low risk of bias
Quality of Life Slightly Asymmetric Possible bias
Opioid-Sparing Effects Symmetric Low risk of bias
Mechanisms of Pain Modulation Symmetric Low risk of bias

Table 18: Funnel Plot Symmetry Assessment Summary
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Funnel Plot Analysis
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The funnel plot analysis indicated a low risk of publication bias
for most outcomes, including pain reduction, opioid-sparing
effects, and mechanisms of pain modulation. However, the slight
asymmetry in the funnel plot for quality of life outcomes suggests
that there may be some publication bias in this area, potentially
leading to an overestimation of the benefits of cannabinoids on
quality of life. Overall, the results are robust and provide reliable
evidence supporting the efficacy of cannabinoids in chronic pain
management.

3.36 Egger's Test

The Egger's test results largely support the robustness and reliability
of the findings in this review, with no significant publication
bias detected in most outcomes. However, the possible bias in
the quality of life outcomes highlights the need for caution in
interpreting these particular results. Overall, the evidence suggests
that cannabinoids are effective in pain management and can reduce
opioid use, with consistent findings across various studies.

3.37 Pain Reduction
* Egger's Test P-Value: 0.12
* Interpretation: The p-value of 0.12 indicates no significant bias

in the pain reduction outcomes. This suggests that the results for
pain reduction are not significantly affected by publication bias.

3.38 Quality of Life

* Egger's Test P-Value: 0.04

* Interpretation: The p-value of 0.04 suggests possible bias in
the quality of life outcomes. This indicates that there may be a
tendency for studies with positive results to be published more
frequently than those with negative or inconclusive results,
potentially overestimating the positive effects of cannabinoids on
quality of life.

3.39 Opioid-Sparing Effects

* Egger's Test P-Value: 0.09

* Interpretation: The p-value of 0.09 indicates no significant
bias in the opioid-sparing effects outcomes. This suggests that
the results for the reduction in opioid use are not significantly
influenced by publication bias.

3.40 Mechanisms of Pain Modulation
* Egger's Test P-Value: 0.15
* Interpretation: The p-value of 0.15 indicates no significant bias
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in the mechanisms of pain modulation outcomes. This suggests reliable and not significantly affected by selective publication
that the findings related to how cannabinoids modulate pain are practices.

Outcome Egger's Test p-value Interpretation
Pain Reduction 0.12 No significant bias
Quality of Life 0.04 Possible bias
Opioid-Sparing Effects 0.09 No significant bias
Mechanisms of Pain Modulation 0.15 No significant bias

Table 19: Egger's Test Results

Outcome Funnel Plot Symmetry Egger's Test p-value Interpretation
Pain Reduction Symmetric 0.12 Low risk of bias
Quality of Life Slightly Asymmetric 0.04 Possible bias
Opioid-Sparing Effects Symmetric 0.09 Low risk of bias
Mechanisms of Pain Modulation Symmetric 0.15 Low risk of bias

Table 20: Summary of Publication Bias Findings

3.41 Quality Assessment: The overall quality of the included RCTs were generally high quality, with robust randomization and
studies was generally high, with systematic reviews and meta- blinding methods. Narrative reviews and clinical practice guidelines
analyses demonstrating rigorous methodology and comprehensive  provided valuable insights and practical recommendations based
coverage of relevant studies. Observational studies were of goodto  on a thorough review of the literature.

moderate quality, with some potential biases adequately controlled.

Study Type Study Reference Quality Assessment Key Findings Quality Score
Tool
Systematic Reviews and [1] AMSTAR Comprehensive literature High
Meta-Analyses search, clear inclusion criteria,
variability in study quality
addressed
[7] AMSTAR Thorough assessment of High
study quality, transparent data
synthesis
[15] AMSTAR Rigorous methodology, High
consistent findings across
included studies
[13] AMSTAR Comprehensive coverage, some | Moderate
heterogeneity in results
[14] AMSTAR Clear inclusion criteria, High
consistent with opioid-sparing
effects
Observational Studies [2] Newecastle-Ottawa Scale | Representative study groups, Good
(NOS) valid outcome measures,
potential for confounding
controlled
[3] Newcastle-Ottawa Scale | Well-defined cohorts, valid Moderate
(NOS) outcome assessments, some
potential biases due to self-
reported data
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[20] Newcastle-Ottawa Scale | Prospective design, Good
(NOS) comprehensive data collection,
potential attrition bias
Randomized Controlled [9] Cochrane Risk of Bias | Appropriate randomization, High
Trials Tool blinding, handling of
incomplete data
[22] Cochrane Risk of Bias Adequate randomization and Moderate
Tool blinding, some issues with
selective reporting
[26] Cochrane Risk of Bias | Proper randomization and High
Tool allocation concealment,
minimal bias
Narrative Reviews and [16] Methodological rigor Comprehensive High
Clinical Practice Guidelines and relevance coverage, evidence-based
recommendations, clear and
relevant
[10] Methodological rigor Broad insights into Moderate
and relevance mechanisms, applicable
recommendations
Surveys [23] Survey design and Diverse professional opinions, | Good
relevance supportive of clinical use,
limited by self-selection bias

Table 21: Quality Assessment Results

4. Discussion

This systematic review and meta-analysis provide robust evidence
supporting the efficacy of cannabinoids in managing chronic pain
and their potential to reduce opioid use. The analysis included a
diverse range of study designs, such as randomized controlled
trials, systematic reviews, meta-analyses, and observational
studies, ensuring a comprehensive evaluation of the available
evidence.

Cannabis-based medicines have been shown to significantly reduce
pain compared to placebo, with an overall effect size indicating a
strong analgesic effect. Specifically, cannabinoids were effective
for neuropathic pain, cancer-related pain, and fibromyalgia. For
instance, the overall effect size for pain reduction was -5.22,
with a 95% confidence interval ranging from -5.51 to -4.94. This
demonstrates a significant reduction in pain intensity, underscoring
the broad applicability of cannabinoids in pain management [1,3].

In addition to pain reduction, cannabinoids have been associated
with improvements in quality of life, particularly for chronic
pain conditions. These improvements were frequently measured
alongside pain reduction and often showed parallel positive
results, highlighting the dual benefits of pain relief and enhanced
quality of life for patients using cannabinoid therapies [3,8]. One
of the most compelling benefits of cannabinoids in chronic pain
management is their potential to reduce opioid use. Observational
studies have shown that a significant proportion of patients using
medical cannabis for chronic pain reduce their opioid dosage, with

an average reduction of 30% [4]. Moreover, cannabinoids have
been found to enhance the efficacy of lower doses of opioids,
providing effective pain relief with fewer side effects. This opioid-
sparing effect is crucial in addressing the opioid epidemic, as it
can decrease the risk of opioid addiction and overdose, making
cannabinoids an attractive alternative in chronic pain management
[5].

The analgesic effects of cannabinoids are mediated through the
endocannabinoid system, which plays a vital role in regulating
pain and inflammation. Cannabinoids interact with CB1 and
CB2 receptors, modulating pain signals and reducing neuronal
excitability and inflammation. This interaction not only provides
effective pain relief but also distinguishes cannabinoids from
opioids, which primarily target opioid receptors and are associated
with a high risk of addiction. Mechanistic studies suggest
that cannabinoids inhibit neurotransmitter release and reduce
neuronal excitability, providing a multi-faceted approach to pain
management [2,6,7]. Despite the promising findings, several
limitations were identified in the current body of evidence.
Variability in efficacy across studies was noted, attributed to
differences in study designs, cannabinoid formulations, dosing
regimens, and patient populations. Most of the included studies
had relatively short follow-up periods, limiting the understanding
of the long-term efficacy and safety of cannabinoid use. The lack of
standardized formulations for cannabinoid products also presents
a significant limitation, as variations in the concentration of active
compounds and differences in delivery methods can influence
clinical outcomes [1,3,16].
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Observational studies, while providing valuable real-world
insights, are susceptible to various biases, including selection
bias, recall bias, and confounding factors [4,10]. Additionally,
several randomized controlled trials exhibited a moderate to
high risk of bias due to issues such as inadequate randomization,
lack of blinding, and incomplete outcome data. The evidence
on the efficacy of cannabinoids for pain management in specific
patient populations, such as the elderly or those with multiple
comorbidities, is also limited [17].

Future Research Insights: While the current evidence is promising,
several areas require further research to fully realize the potential
of cannabinoids in chronic pain management:

1. Standardization of Formulations and Dosing: Future research
should focus on developing standardized cannabinoid formulations
and dosing regimens. This will help reduce variability in efficacy
and ensure consistent therapeutic outcomes.

2. Long-Term Safety and Efficacy: Most studies to date have
relatively short follow-up periods. Long-term studies are needed
to understand the prolonged effects of cannabinoid use, including
potential adverse effects and sustained efficacy.

3. High-Quality Randomized Controlled Trials: There is a need
for more high-quality RCTs to confirm the findings of existing
observational studies and meta-analyses. These trials should
address potential biases and provide robust evidence on the
efficacy and safety of cannabinoids.

4. Mechanistic Studies: Further research into the mechanisms by
which cannabinoids modulate pain will enhance our understanding
of their therapeutic potential and inform the development of more
targeted treatments.

5. Population-Specific Studies: Research should explore the effects
of cannabinoids in diverse patient populations, including different
age groups, genders, and those with co-morbid conditions. This
will help tailor cannabinoid-based therapies to individual patient
needs.

5. Conclusion

The findings from this systematic review and meta-analysis
provide strong evidence supporting the efficacy of cannabinoids
in managing chronic pain. Cannabis-based medicines significantly
reduce pain intensity and improve quality of life in patients with
conditions such as neuropathic pain, cancer-related pain, and
fibromyalgia [1,3,8]. Moreover, cannabinoids demonstrate an
opioid-sparing effect, reducing the need for higher opioid doses
and potentially mitigating the risks associated with opioid use,
including addiction and overdose [4,5]. Cannabinoids modulate
the endocannabinoid system, providing multi-faceted pain relief
without the high addiction potential of traditional opioids [2,6,7].
This distinction underscores their therapeutic advantage in chronic
pain management.

However, the review highlights several limitations in the current
evidence, including variability in efficacy due to differences in
study designs, cannabinoid formulations, and patient populations;

short follow-up periods that limit understanding of long-term
effects; and a lack of standardized formulations that can influence
clinical outcomes [1,3,16].

Additionally, biases in observational studies and some RCTs, along
with limited evidence on specific patient populations, emphasize
the need for more rigorous research [4,10].

In clinical practice, integrating cannabinoids as an alternative to
traditional pain medications could play a crucial role in addressing
the opioid epidemic. By reducing opioid use and associated risks,
cannabinoids offer a safer, more effective approach to chronic
pain management [12,18]. Future research should focus on
standardized formulations, long-term studies, and high-quality
trials to address current limitations and provide clearer guidelines
for using cannabinoids in pain management.

In summary, while further research is necessary to address
current limitations and enhance understanding of long-term
effects, cannabinoids offer a promising alternative to traditional
pain medications. Integrating cannabinoids into clinical practice,
guided by evidence-based protocols, can provide a safer and
more effective approach to chronic pain management, ultimately
cannabinoids represent a valuable addition to the therapeutic
arsenal for chronic pain, with significant benefits in pain reduction,
quality of life improvement, and contributing to the reduction of
opioid-related harms [12,18-26].
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