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Background
In recent years, a significant number of researchers have concentrated on bioactive compounds for the treatment of neuropathic pain. However, there remains a lack of compelling evidence to robustly support their therapeutic efficacy.
Objective
This study aims to assess the impact of various bioactive compounds on pain intensity and quality of life in patients suffering from neuropathic pain by conducting a network meta-analysis.
Methods
Researchers conducted a systematic search across five electronic databases—PubMed, EMBASE, Cochrane Library, the Cochrane Central Register of Controlled Trials, and Web of Science—from the inception of each database until April 2025. The methodological quality of the included studies was assessed using the Cochrane Risk of Bias assessment tool. Data analysis was subsequently performed using Stata MP 15.1 software. The primary outcome measures consisted of the following standardized assessment scales: Visual Analogue Scale (VAS), Neuropathic Pain Scale (NPS), Hospital Anxiety and Depression Scale (HADS), Patient Global Impression of Change (PGIC), and Leeds Sleep Evaluation Questionnaire (LSEQ). Treatment effects were ranked based on probability values derived from the Surface Under the Cumulative Ranking Curve (SUCRA).
Results
Following the screening process, 20 eligible randomized controlled trials were included, involving a total of 2,471 patients and evaluating six distinct bioactive compound-based therapeutic interventions. The ranking of treatments, based on SUCRA values, indicated that tetrahydrocannabinol was associated with the highest likelihood of being the most effective option for reducing VAS scores (SUCRA: 88.2%). Furthermore, it consistently ranked favorably across other outcomes, including NPS (84.8%), PGIC (85.1%), and LSEQ (90.7%). Capsaicin was ranked as the most promising intervention for improving HADS scores (90.1%).
Conclusion
This study offers valuable insights into the application of bioactive compounds for the management of neuropathic pain. However, the research also presents certain unavoidable limitations, such as heterogeneity among studies and the absence of direct comparative evidence for specific intervention measures. Future studies should include larger sample sizes, extended follow-up periods, and more rigorously designed randomized controlled trials to definitively establish the efficacy of bioactive compounds in patients with neuropathic pain patients.
Systematic Review Registration
https://www.crd.york.ac.uk/PROSPERO/recorddashboard, identifier CRD420251041801.
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INTRODUCTION
Chronic pain, now recognized as a disease entity in its own right, represents a prevalent, costly, and debilitating clinical condition and is among the most frequent reasons for seeking healthcare (Gaskin and Richard, 2012; Pitcher et al., 2019; Steingrímsdóttir Ó et al., 2017). Neuropathic pain (NP), defined as pain resulting from damage or dysfunction of the somatosensory nervous system, affects 7%–10% of the population and is widely regarded as particularly challenging to manage (Colloca et al., 2017; van Hecke et al., 2014; Jensen et al., 2011). The complexity of NP necessitates a holistic and multidisciplinary approach that incorporates a range of therapeutic modalities, including pharmacotherapy, physical therapy, psychological interventions, and lifestyle modifications. The overarching objective of this comprehensive treatment strategy is to alleviate pain symptoms, improve quality of life, and optimize patient outcomes (Finnerup et al., 2015; Gilron et al., 2015). Based on the available evidence, pharmacotherapy constitutes a fundamental treatment modality for NP. Current clinical guidelines recommend tricyclic antidepressants, anticonvulsants (specifically pregabalin and gabapentin), and serotonin–norepinephrine reuptake inhibitors for use in NP pharmacotherapy. Opioids and local anesthetics are recommended as second-line therapeutic options (Finnerup et al., 2015; Moulin et al., 2007). However, treatment responses may vary considerably, and the occurrence of adverse effects frequently compromises patient adherence.
Bioactive compounds have garnered significant attention due to their favorable therapeutic effects, multi-target mechanisms, and minimal adverse effects. The compounds selected for inclusion in this study were primarily based on their well-documented biological activity in modulating NP pathways and reducing oxidative stress. Among these compounds, some are derived from plants, while others are commonly administered as synthetic or semi-synthetic supplements. Currently, the principal bioactive compounds recommended for the management of NP include cannabis, capsaicin, curcumin, and alpha-lipoic acid, which can be extracted from various natural plant sources such as cannabis sativa, capsicum annuum, turmeric, and spinach, among others (Berman et al., 2004; Agoons et al., 2020; Agathos et al., 2018; Asadi et al., 2019). Studies have shown that oral cannabinoids such as cannabis and tetrahydrocannabinol (THC) are effective in treating central (Svendsen et al., 2004; Rog et al., 2005) and peripheral NP (Nurmikko et al., 2007), rheumatoid arthritis (Blake et al., 2006) and fibromyalgia (Skrabek et al., 2008) when used alone or in combination. In a 12-week, randomized, double-blind, parallel-group clinical trial, the intention-to-treat population for efficacy analysis comprised 69 patients receiving clonidine and 70 patients receiving capsaicin. The results indicated that both drugs were highly effective in alleviating peripheral neuropathic pain at the 12-week follow-up. And no statistically significant difference in therapeutic efficacy was observed between the two treatment modalities (Kiani et al., 2015). Curcumin, the key bioactive compound found in turmeric, exhibits substantial potential for scavenging free radicals and mitigating oxidative stress due to its antioxidant properties. Research has demonstrated that compared with the placebo group, supplementation with curcumin over a 2-month period can significantly alleviate and reduce the severity of diabetic sensorimotor polyneuropathy in individuals with type 2 diabetes mellitus (Asadi et al., 2019). Alpha-lipoic acid, an essential co-enzyme for energy production in mitochondria, demonstrates substantial antioxidant properties and an effect on whole-body physiology (Evans and Goldfine, 2000), which is used as a dietary supplement and a pharmaceutical agent (Papanas and Ziegler, 2014). Alpha-lipoic acid exhibits superior absorption characteristics and is capable of diffusing efficiently in both extracellular and intracellular environments. Furthermore, it possesses the unique capacity to penetrate the blood-brain barrier, ensuring its accessibility to crucial neural tissues. It has been utilized in various models of oxidative stress, such as diabetes, ischemia-reperfusion injury, cataract formation, and neurodegenerative disorders (Packer et al., 1995).
Currently, there is a lack of evidence-based guidelines on which bioactive compounds are most effective in improving pain intensity and quality of life in patients with NP. Network meta-analysis (NMA) is a data-driven method that evaluates the effectiveness of diverse interventions through direct or indirect comparisons, thereby offering a ranked assessment of their relative effectiveness (Rouse et al., 2017). Accordingly, this study represents the first comprehensive NMA of randomized controlled trials (RCTs) on the treatment of NP with bioactive compounds, aiming to provide high-quality evidence to support clinical decision-making.
METHODS
The conductions of meta-analysis and systematic review rigorously followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was registered on PROSPERO (registration number: CRD420251041801). https://www.crd.york.ac.uk/PROSPERO/recorddashboard. Minor deviations from the PROSPERO protocol occurred during the conduct of this review. These deviations are summarized in Supplementary Table S1.
Search strategy
Two of the authors (TR and GCY) conducted a comprehensive and systematic search of relevant studies from various electronic databases, encompassing PubMed, EMBASE, Cochrane Library, Cochrane Central Register of Controlled Trials, and Web of Science. This extensive search covered the period from the inception of each database until April 2025, ensuring a thorough examination of the available literature. The search strategy was developed based on intervention measures and patient types. The detailed search strategies are presented in Supplementary Table S2 (using PubMed as an example).
Inclusion and exclusion criteria
Inclusion and exclusion criteria were established based on the PICOS framework: (P) Population: NP patients; (I) Intervention: bioactive compounds, which refers to exogenously administered, naturally occurring or semi-synthetic molecules with defined pharmacological activity. These compounds are used for the treatment of neuropathic pain. To enhance clarity, we categorized them into the following three subclasses based on their chemical nature and source: cannabinoids; vitamin-related compounds and botanical extracts and isolates. (C) Comparison: control groups receiving either usual treatment or placebo; (O) Outcomes: improvement in pain intensity and quality of life in NP patients, assessed using at least one of the following scales: VAS, NPS, LSEQ, HADS, and PGIC. (S) Study Type: RCTs.
In our study, we strictly predefined the primary outcome as changes in pain intensity based on the VAS or NPS scales, explicitly excluding those based on composite or proxy endpoints, to ensure outcome homogeneity and clarity of conclusions. Furthermore, we excluded studies characterized by incomplete or unrecorded data, as well as those involving non-RCTs, preclinical studies, animal experiments, systematic reviews, case reports, meta-analyses, conference abstracts, case analyses, review articles, letters, and the full text cannot be obtained.
Study selection and methodological assessment
Two members of the research team (TR and LYQ) independently performed the literature selection process. Initially, the retrieved studies were imported into the reference management software Endnote X8, and duplicate entries were removed. Subsequently, the titles and abstracts were screened in accordance with the predefined inclusion criteria to exclude studies that clearly did not meet the requirements. Finally, the full texts of the remaining articles were obtained and critically reviewed to determine final inclusion. Throughout this process, any discrepancies in judgment were resolved through thorough discussion; when necessary, a third investigator (GCY) was consulted to facilitate consensus.
Two researchers (GCY and LYQ) independently evaluated the risk of bias in the included RCTs using the Cochrane Risk of Bias (ROB) assessment tool. We conducted a systematic evaluation of seven domains: (1) the random sequence generation, (2) allocation concealment, (3) performance bias (blinding of both researchers and participants), (4) Detection bias (blinding of outcome assessment), (5) the management of missing data, (6) reporting bias (selective reporting), and (7) other sources of bias (Higgins et al., 2011). The results extracted from each RCT were used until the consensus was reached between the two researchers. We resolved disagreements by discussing or negotiating with the third researcher (TR) until the consensus was reached.
Data extraction
A self-designed standardized data extraction table was adopted to independently extract data. The extracted information includes the main author, country, year of publication, study type, number of patients, mean age of patients, details of the interventions, outcome measures assessing the effects of bioactive compounds on NP patients (VAS, NPS, LSEQ, HADS, PGIC). The inconsistencies in the data extraction process were resolved by rechecking the original data and consulting the third researcher (GCY).
The data were initially sourced from the tables as the primary extraction point. In instances where the data were incomplete, we reached out to the original author to acquire more information. In addition, we estimated the standard deviation (SD) using the formulas SD = Range/4 and SD = interquartile Range (IQR)/1.35 to include trials that only reported range and IQR, as detailed in the Cochrane Handbook for Systematic Reviews (Cumpston et al., 2019). Data reported with 95% confidence interval (CI) were also used to determine the range and convert to SD. If no average value was provided, the median was utilized to approximate its value (Hozo et al., 2005). When there is necessary data in the figures but the original data cannot be obtained from the author, we use the ImageJ software to extract the required data.
Outcomes assessed
We employed the VAS and NPS as primary measures of pain intensity. Quality of life was assessed using the LSEQ, HADS, and PGIC. It is important to note that for the VAS, NPS, HADS, and PGIC, lower scores indicate better outcomes, whereas for the LSEQ, higher scores indicate better outcomes (Rowbotham et al., 1998). The secondary outcome was the incidence of adverse effects. Prior to analysis, we predefined minimal clinically important differences (MCIDs) for interpreting outcome changes: a reduction of 2 points was considered clinically meaningful for VAS, NPS, and HADS, while a 1-point change was used for PGIC and LSEQ, based on established thresholds in chronic pain populations (Dworkin et al., 2008).
Statistical methods
Continuous outcomes were expressed as mean differences (MD) or standardized mean differences (SMD) with 95% CI, depending on the uniformity of measurement scales across studies. Dichotomous outcomes were analyzed using risk ratios (RR) with 95% CI. The direction of effects was standardized such that for VAS, NPS, HADS, and PGIC, lower scores indicated improvement, while for LSEQ, higher scores denoted benefit.
Network meta-analysis was performed using Stata MP 15.1, in accordance with PRISMA guidelines (Moher et al., 2015). Network diagrams were generated where node size and edge thickness corresponded to the number of studies and direct comparison respectively (Chaimani et al., 2013). Results are summarized in league tables, and treatments were ranked using SUCRA values, interpreted with consideration of evidence quality and clinical relevance.
Publication bias was assessed via visual inspection of network funnel plots and Egger’s test for small-study effects, with p < 0.05 indicating potential asymmetry.
Assessment of heterogeneity and inconsistency
Heterogeneity among studies was assessed using the I2 statistic. An I2 value > 50% alongside a p-value <0.05 indicated substantial heterogeneity, warranting the use of a random-effects model for data synthesis. Otherwise, a fixed-effect model was applied. Given the anticipated clinical and methodological diversity across studies, a random-effects model was prioritized as the primary analytical framework. This approach more conservatively accounts for variability in true effect sizes and yields more robust conclusions.
To explore potential sources of heterogeneity, pre-specified subgroup analyses were conducted based on route of administration, pain etiology, and intervention duration, as these factors are clinically relevant to treatment response.
Inconsistency in the network was evaluated globally using the design-by-treatment interaction model and locally using node-splitting analysis to identify discrepancies between direct and indirect evidence.
Sensitivity analysis
To evaluate the robustness of the primary results, sensitivity analyses were conducted by sequentially excluding studies with a high risk of bias, those with imputed or digitally extracted data, or those using vague or non-standard unit scales. The consistency of effect estimates, confidence intervals, and statistical significance with the main findings was evaluated.
Additionally, to address clinical heterogeneity in the administration of vitamin D (oral vs. intramuscular), the node was split into two distinct entities. The network meta-analysis was rerun using the same model and priors. Global and local inconsistency measures were examined, and results were compared to those of the primary analysis to assess the stability of the conclusions.
GRADE grading
We employed the Grade of Recommendations, Assessment, Development, and Evaluation (GRADE) guidelines to appraise the strength of the evidence gleaned from the incorporated trials. The GRADE methodology meticulously elucidates the various elements impinging on the quality of evidence and provides quantitative criteria for grading (Guyatt et al., 2011; Mendoza et al., 2017). Evidence from randomized trials starts as high certainty but can be downgraded for five reasons: risk of bias, inconsistency, indirectness, imprecision, and publication bias. The GRADE tool classifies the strength of accumulated evidence into four levels: high, moderate, low, or very low quality.
RESULTS
Based on the predefined search strategy, a total of 6,055 records were identified from multiple electronic databases. Following the use of reference management software to remove 2,092 duplicate entries, the titles and abstracts of the remaining 3,936 records were carefully reviewed. This preliminary screening process led to the exclusion of 3,819 records that did not meet the inclusion criteria. The full texts of the remaining 117 articles were then thoroughly evaluated, resulting in the exclusion of an additional 97 articles due to reasons such as non- RCTs, incomplete data reporting, or interventions outside the scope of the study. Ultimately, 20 articles were determined to meet all eligibility criteria and were included in the final analysis (Berman et al., 2004; Agoons et al., 2020; Agathos et al., 2018; Asadi et al., 2019; Rog et al., 2005; Kiani et al., 2015; Abbas et al., 2022; Cruccu et al., 2018; Mankowski et al., 2017; Mehta et al., 2021; Nadro et al., 2021; Papaioannou, 2018; Sa et al., 2020; Wallace et al., 2015; Ware et al., 2010; Weizman et al., 2018; Wilsey et al., 2013; Wilsey et al., 2008; Wilsey et al., 2016; Ziegler et al., 1999). The flowchart for retrieving and filtering records is shown in Figure 1, and the reasons for exclusion are summarized. No other studies that met the conditions were found after manual supplementary search.
[image: Flowchart detailing the identification of studies via databases and registers. Initially, 6055 records are identified from sources like Pubmed, Embase, The Cochrane Library, and Web of Science. After removing 2092 duplicates, 3936 records are screened. Records are excluded for reasons such as animal experiments, case reports, meeting abstracts, and reviews, leaving 117 full texts assessed for eligibility. Further exclusions are made for non-randomized controlled trials, ineligible interventions, and incomplete data, resulting in 20 studies included in the review.]FIGURE 1 | Flow diagram of literature selection.Quality assessment of the included studies
The researchers’ quality assessment of the included trials is shown in Figure 2. Random allocation procedures were explicitly reported in some trials, whereas others lacked sufficient detail to adequately assess the risk of bias. In cases where the concealment of the randomization process and the allocation sequence could not be verified, a conservative approach was adopted in evaluating the risk of bias. All 20 included studies were randomized controlled trials (RCTs), with 9 classified as low risk, 8 as moderate risk, and 3 as high risk, suggesting that the overall methodological quality of the included studies was acceptable.
[image: Panel A is a risk of bias table with study names on the left and bias categories at the top, using green circles for low risk, yellow for unclear, and red for high risk. Panel B is a bar chart showing aggregate bias risks across various categories, with green representing low, yellow unclear, and red high risk, including a legend.]FIGURE 2 | (A) Risk of bias summary. Review authors’ judgments about each risk of bias item for each included study. Green circle, low risk of bias; red circle, high risk of bias; yellow circle, unclear risk of bias. (B) Risk of bias graph. Which presents the percentage of studies rated as low, high, or having some concerns for each bias domain across all included studies.Characteristics of the included studies
Our analysis included 20 RCTs, encompassing 2471 patients. Interventions in the treatment group included cannabis, THC, capsaicin, curcumin, alpha-lipoic acid, and vitamin D. 14 studies utilized VAS as an outcome indicator, 11 studies reported NPS, 7 studies reported HADS, 11 studies reported PGIC, and 3 studies reported LSEQ. The characteristics of the included studies are shown in Table 1.
TABLE 1 | Characteristics of the studies included in the meta-analysis. Abbreviations: N, number; E, experimental group; C, control group; PNP, peripheral neuropathic pain; CNP, central neuropathic pain; DNP, diabetic neuropathic pain; THC, tetrahydrocannabinol; ① Visual Analogue Scale (VAS); ② Neuropathic Pain Scale (NPS); ③ Hospital Anxiety and Depression Scale (HADS); ④ Patient Global Impression of Change (PGIC); ⑤ Leeds Sleep Evaluation Questionnaire (LSEQ).	Author	year	Pain cause	N	Age	Experimental interventions	Control interventions	Intervention time	Outcome	The route of administration	Exact dosages
	Ware MA	2010	PNP	E: 21	E: 45.4 ± 12.3	Cannabis	Placebo	8 weeks	①③⑤	Inhaled	75 mg/day
	C: 22	C: 45.4 ± 12.3
	Weizman L	2018	PNP	E: 15	E: 33.3 ± 3.9	THC	Placebo	6 weeks	①②	Inhaled	15.4 ± 2.2 mg/day
	C: 15	C: 33.3 ± 3.9
	Rog DJ	2005	CNP	E: 32	E: 49.2 ± 8.3	Cannabis	Placebo	5 weeks	①②③④⑤	Inhaled	67.5 ± 16.2 mg/day
	C: 34	C: 48.1 ± 9.7
	Berman JS	2004	CNP	E: 48	E: 39 (23–63)	THC	Placebo	8 weeks	①②⑤	Inhaled	54 ± 13.5 mg/day
	C: 47	C: 39 (23–63)
	Wilsey B	2013	CNP	E: 38	E: 50 ± 11	THC	Placebo	4 weeks	①②④	Inhaled	Not specified
	C: 38	C: 50 ± 11
	Wilsey B	2016	CNP	E: 40	E: 46.4 ± 13.6	THC	Placebo	4 weeks	①②④	Inhaled	Not specified
	C: 40	C: 46.4 ± 13.6
	Wilsey B	2008	CNP	E: 34	E: 46(21–71)	cannabis	Placebo	4 weeks	①③④	Inhaled	Not specified
	C: 33	C: 46(21–71)
	Wallace MS	2015	DNP	E: 16	E: 56.9 ± 8.2	THC	Placebo	6 weeks	①③	Inhaled	4–28 mg/day
	C: 16	E: 55.9 ± 8.7
	Cruccu G	2018	PNP	E: 253	E: 54.5 ± 11.7	capsaicin	Usual treatment	8 weeks	①	Topical	8% patch(1-4patches a day)
	C: 235	C: 55.5 ± 10.6
	Kiani J	2015	DPN	E: 39	E: 56.49 ± 10.25	capsaicin	Usual treatment	12 weeks	①	Topical	0.75% cream (3 times a day)
	C: 54	C: 56.88 ± 9.54
	Mankowski C	2017	PNP	E: 290	E: 61 (21–75)	capsaicin	Usual treatment	8 weeks	①④	Topical	8% patch (1-4patches a day)
	C: 130	C: 63 (22–73)
	Agoons BB	2020	DPN	E: 11	E: 56.0 (50–60)	capsaicin	Placebo	8 weeks	①③④	Topical	0.75% gel (3 times a day)
	C: 11	C: 58.0 (50–62)
	Papaioannou E	2018	DPN	E: 37	E: 53.5 ± 11.3	capsaicine	Usual treatment	8 weeks	①④	Topical	8% patch (1-4patches a day)
	C: 37	C: 54.2 ± 10.7
	Nadro B	2021	DPN	E: 32	E: 64.15 ± 8.66	alpha-lipoic acid	Usual treatment	6weeks	②	Oral	600 mg/day
	C: 22	C: 63.58 ± 5.12
	Agathos E	2018	DPN	E: 72	E: 65.2 ± 8.4	alpha-lipoic acid	Placebo	24 weeks	②	Oral	600 mg/day
	C: 72	C: 65.2 ± 8.4
	Ziegler D	1999	DPN	E: 165	E: 56.5 ± 7.1	alpha-lipoic acid	Placebo	24 weeks	①④	Oral	600 mg/day
	C: 165	C: 57.3 ± 5.5
	Mehta S	2021	DPN	E: 50	E: 50 ± 6	vitamin D	Usual treatment	24 weeks	②④	Oral	60,000 IU/week
	C: 50	C: 50 ± 6
	Sari A	2020	DPN	E: 32	E: 63.49 ± 9.79	vitamin D	Placebo	12 weeks	②③④	Intramuscularly	300,000 IU
	C: 25	C: 62.16 ± 9.10
	Asadi S	2019	DPN	E: 40	53.3 ± 6.5	curcumin	Placebo	8 weeks	②④	Oral	80 mg/day
	C: 40	54.6 ± 6.2
	Abbas W	2022	DPN	E: 35	E: 48.4 ± 12.6	curcumin	Usual treatment	8 weeks	②③	Oral	80 mg/day
	C: 37	C: 49.3 ± 12.9


Model specification
We calculated the global heterogeneity variance and I2 statistics. The results show that there is moderate to high heterogeneity for the outcomes of VAS, NPS and PGIC, which supports the necessity of using the random effects models. For HADS and LSEQ, since the I2<50%, the fixed-effects models were employed. In response to test the robustness of the results, we also conducted the sensitivity analysis. The results show that the ranking and statistical conclusions of the effects under the two models remain consistent, which enhances the reliability of our main conclusion. Further details can be found in Supplementary Table S3.
Evidence network structure and contribution
The full network meta-evidence diagrams will be shown in Figures 3A, 4A, 5A, 6A, 7A. These diagrams visually present the structure of the evidence network, including the direct comparison relationships of all treatments. In addition, the contribution plots will be presented in Supplementary Figures S1–S5. Which details the proportion of information contribution of each direct comparison to the overall estimated value of the network. This helps to identify the most influential direct evidence and the links with sparse evidence.
[image: Network diagram and cumulative probability plots for various treatments. Part A shows a network diagram with nodes for placebo, cannabis, capsaicin, alpha-lipoic acid, usual treatment, 2-5% THC, and 6-9% THC. Part B contains plots showing cumulative probabilities for each treatment ranked from one to seven.]FIGURE 3 | (A) Network diagram for VAS outcome. The network plot illustrates the available direct comparisons between interventions. Each node represents an intervention, with its size proportional to the number of studies investigating that intervention. The connecting lines between nodes represent direct head-to-head comparisons, and the thickness of each line is proportional to the number of trials for that specific comparison. (B) Surface Under the Cumulative Ranking Curve (SUCRA) plot for VAS. Treatments are ranked along the X-axis from best (left) to worst (right) based on their mean efficacy. The Y-axis represents the cumulative probability of a treatment being ranked at each position. The SUCRA for each treatment is presented as a numerical value (higher SUCRA values indicate a more effective treatment).[image: Panel A shows a network plot comparing various treatments: 2-5% THC, 6-9% THC, cannabis, curcumin, alpha-lipoic acid, usual treatment, vitamin D, and placebo. Placebo is central with strong connections to several treatments. Panel B consists of line graphs showing cumulative probabilities over ranks for each treatment, indicating changes over eight ranks with variations in cumulative values.]FIGURE 4 | (A) Network diagram for NPS Outcome. The network plot illustrates the available direct comparisons between interventions. Each node represents an intervention, with its size proportional to the number of studies investigating that intervention. The connecting lines between nodes represent direct head-to-head comparisons, and the thickness of each line is proportional to the number of trials for that specific comparison. (B) Surface Under the Cumulative Ranking Curve (SUCRA) plot for NPS. Treatments are ranked along the X-axis from best (left) to worst (right) based on their mean efficacy. The Y-axis represents the cumulative probability of a treatment being ranked at each position. The SUCRA for each treatment is presented as a numerical value (higher SUCRA values indicate a more effective treatment).[image: Diagram A shows a network connecting treatments including capsaicin, cannabis, curcumin, vitamin D, 2-5% THC, 6-9% THC, and placebo with varying line thickness. Graph B consists of seven line plots labeled 2-5% THC, capsaicin, cannabis, curcumin, 6-9% THC, vitamin D, and placebo, illustrating cumulative probabilities against rank. Each graph shows different trends, providing a comparative analysis of treatments.]FIGURE 5 | (A) Network diagram for HADS Outcome. The network plot illustrates the available direct comparisons between interventions. Each node represents an intervention, with its size proportional to the number of studies investigating that intervention. The connecting lines between nodes represent direct head-to-head comparisons, and the thickness of each line is proportional to the number of trials for that specific comparison. (B) Surface Under the Cumulative Ranking Curve (SUCRA) plot for HADS. Treatments are ranked along the X-axis from best (left) to worst (right) based on their mean efficacy. The Y-axis represents the cumulative probability of a treatment being ranked at each position. The SUCRA for each treatment is presented as a numerical value (higher SUCRA values indicate a more effective treatment).[image: Panel A shows a network diagram linking treatments like placebo, vitamin D, alpha-lipoic acid, usual treatment, capsaicin, curcumin, cannabis, and THC concentrations. Panel B contains graphs displaying cumulative probabilities versus rank for treatments: 2-5% THC, 6-9% THC, cannabis, placebo, alpha-lipoic acid, capsaicin, curcumin, usual treatment, and vitamin D.]FIGURE 6 | (A) Network diagram for PGIC Outcome. The network plot illustrates the available direct comparisons between interventions. Each node represents an intervention, with its size proportional to the number of studies investigating that intervention. The connecting lines between nodes represent direct head-to-head comparisons, and the thickness of each line is proportional to the number of trials for that specific comparison. (B) Surface Under the Cumulative Ranking Curve (SUCRA) plot for PGIC. Treatments are ranked along the X-axis from best (left) to worst (right) based on their mean efficacy. The Y-axis represents the cumulative probability of a treatment being ranked at each position. The SUCRA for each treatment is presented as a numerical value (higher SUCRA values indicate a more effective treatment).[image: Diagram A shows a network graph with nodes for placebo, cannabis, 2-5% THC, and 6-9% THC connected by lines, indicating comparisons. Diagram B contains four line graphs titled 2-5% THC, 6-9% THC, cannabis, and placebo, plotting cumulative probabilities against rank from one to four. The graphs illustrate treatment effects with varied line slopes.]FIGURE 7 | (A) Network diagram for LSEQ Outcome. The network plot illustrates the available direct comparisons between interventions. Each node represents an intervention, with its size proportional to the number of studies investigating that intervention. The connecting lines between nodes represent direct head-to-head comparisons, and the thickness of each line is proportional to the number of trials for that specific comparison. (B) Surface Under the Cumulative Ranking Curve (SUCRA) plot for LSEQ. Treatments are ranked along the X-axis from best (left) to worst (right) based on their mean efficacy. The Y-axis represents the cumulative probability of a treatment being ranked at each position. The SUCRA for each treatment is presented as a numerical value (higher SUCRA values indicate a more effective treatment).The visual analog scale (VAS)
The network meta-evidence diagram of VAS is shown in Figure 3A. The consistency of the P-values of all comparative analyses was systematically evaluated. The result showed that all p-values from the direct and indirect comparisons between studies were greater than 0.05, this indicates a satisfactory consistency among the studies. Additional details can be found in Supplementary Table S4.
The results of the NMA indicated that 6%–9% THC (SMD = −1.74, 95% CI: -3.01 to −0.46), capsaicin (SMD = −1.45, 95% CI: -3.40 to −0.50), alpha-lipoic acid (SMD = −1.07, 95% CI: -3.12 to −0.99) were more effective in reducing VAS scores compared to the control group. The probability rankings for different bioactive compounds in reducing VAS scores showed that 6%–9% THC had the highest SUCRA value (88.2%, as shown in Figure 3B), ranking first among all interventions. A comparative analysis of different interventions is presented in Table 2.
TABLE 2 | Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of VAS. Treatments are ordered by SUCRA values (higher percentage indicates greater probability of being effective). The league table presents pairwise comparisons as standardized mean differences with 95% confidence interval, Results that do not overlap with zero are considered statistically significant. Lower VAS scores signify better outcomes. Negative values indicate that column therapy is superior to row therapy. The results derived from the random-effects models.	6–9%THC (SUCRA 88.2%)						
	−0.28 (−2.51, 1.94)	Capsaicin (SUCRA 84.5%)					
	−0.67 (−2.99, 1.64)	−0.39 (−1.04, 0.26)	Alpha-lipoic acid (SUCRA 65.7%)				
	−1.56 (-2.87, -0.25)	−1.27 (−3.25,0.70)	−0.89 (−2.96, 1.19)	2–5%THC (SUCRA 48.6%)			
	−2.09 (-3.47, -0.71)	−1.80 (−3.83, 0.22)	−1.42 (−3.54, 0.71)	0.53 (−0.37, 1.43)	Cannabis (SUCRA 38.3%)		
	−3.08 (-4.25, -1.91)	−2.80 (−4.69, 0.91)	−2.41 (−4.40, 0.41)	−1.52 (−2.10, 0.94)	0.99 (0.27, 1.72)	Usual treatment (SUCRA 24.4%)	
	−1.74 (-3.01, -0.46)	−1.45 (-3.40, -0.50)	−1.07 (-3.12, -0.99)	0.18 (−0.40, 0.76)	0.35 (−0.47, 1.18)	1.34 (0.85, 1.84)	Placebo (SUCRA 0.2%)


Bold font represents statistical difference.
The neuropathic pain scale (NPS)
The network meta-evidence diagram for NPS is shown in Figure 4A. All p-values for the indirect and direct comparisons between studies were exceeded 0.05, indicating that the consistency of effects among the studies is acceptable. Further details can be found in Supplementary Table S5.
The NMA results indicate that in improving NPS scores, 2–5%THC (MD = −1.83, 95% CI: -3.34 to −0.33), 6–9%THC (MD = −1.59, 95% CI: -3.13 to −0.06), and alpha-lipoic acid (MD = −1.36, 95% CI: -2.47 to −0.24) were superior to the placebo group. Additionally, regarding probability rankings among different bioactive compounds for improving NPS scores, 2–5%THC ranked first in SUCRA (SUCRA = 84.8%, as shown in Figure 4B). A comparison of the different interventions is provided in Table 3.
TABLE 3 | Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of NPS. Treatments are ordered by SUCRA values (higher percentage indicates greater probability of being effective). The league table presents pairwise comparisons as mean differences with 95% confidence interval, Results that do not overlap with zero are considered statistically significant. Lower NPS scores signify better outcomes. Negative values indicate that column therapy is superior to row therapy. The results derived from the random-effects models.	2–5%THC (SUCRA 84.8%)							
	−0.24 (−2.15,1.67)	6–9%THC (SUCRA 79.3%)						
	−0.48 (−1.99,1.03)	−0.24 (−1.51,1.03)	Alpha-lipoic acid (SUCRA 73.1%)					
	−0.85 (−3.60,1.89)	−0.62 (−3.24,2.01)	−0.38 (−2.67,1.92)	VitaminD (SUCRA 63.3%)				
	−1.74 (−4.25,0.76)	−1.50 (−3.87,0.87)	−1.26 (−3.27,0.74)	−0.89 (−2.88,1.10)	Curcumin (SUCRA 38.7%)			
	−3.07 (-5.56, -0.58)	−2.83 (-5.18, -0.48)	−2.59 (−4.57,0.61)	−2.22 (−4.21,0.22)	−1.33 (−3.63,0.97)	Cannabis (SUCRA 34.8%)		
	−3.04 (-5.81, -0.27)	−2.80 (-5.45, -0.15)	−2.56 (-4.88, -0.24)	−2.18 (−5.45,1.08)	−1.30 (−4.36,1.77)	0.03 (−3.02,3.08)	Usual treatment (SUCRA 14.7%)	
	−1.83 (-3.34, -0.33)	−1.59 (-3.13, -0.06)	−1.36 (-2.47, -0.24)	−0.98 (−3.53,1.57)	−0.09 (−2.38,2.20)	1.24 (−1.03,3.50)	1.20 (−1.37,3.78)	Placebo (SUCRA 11.2%)


Bold font represents statistical difference.
Hospital anxiety and depression scale (HADS)
The network meta-evidence diagram is shown in Figure 5A. Consistency tests for direct and indirect comparisons among all studies showed that the p-value were greater than 0.05; further details are provided in Supplementary Table S6.
The NMA results showed that all bioactive compounds treatments were superior to placebo in improving HADS scores, details are provided in Table 4. Furthermore, in terms of probability rankings among different bioactive compounds for improving HADS scores, capsaicin ranked first in SUCRA (SUCRA = 90.1%, as shown in Figure 5B).
TABLE 4 | Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of HADS. Treatments are ordered by SUCRA values (higher percentage indicates greater probability of being effective). The league table presents pairwise comparisons as mean differences with 95% confidence interval, Results that do not overlap with zero are considered statistically significant. Lower HADS scores signify better outcomes. Negative values indicate that column therapy is superior to row therapy. The results derived from the fixed-effects models.	Capsaicin (SUCRA 90.1%)						
	−0.08 (−0.94, 0.77)	2–5%THC (SUCRA 89.9%)					
	−0.47 (−1.33, 0.38)	−0.39 (−0.82, 0.04)	Cannabis (SUCRA 69.4%)				
	−1.44 (-2.52, -0.36)	−1.27 (−3.25, 0.70)	−1.36 (−2.25, 0.46)	Curcumin (SUCRA 39.8%)			
	−1.50 (-2.55, -0.45)	−1.42 (-2.27, -0.56)	−1.03 (−1.88, 0.17)	−0.06 (−1.14, 1.02)	6–9%THC (SUCRA 38.1%)		
	−1.97 (-3.01, -0.92)	−1.88 (-2.73, -1.03)	−1.49 (-2.35, 0.65)	−0.53 (−1.60, 0.55)	−0.47 (−1.51, 0.58)	VitaminD (SUCRA 22.3%)	
	−2.70 (-3.45, -1.96)	−2.62 (-3.04, -2.19)	−2.23 (-2.65, -1.80)	−1.26 (-2.05, -0.47)	−1.20 (-1.95, -0.46)	−0.74 (-1.47,0.00)	Placebo (SUCRA 0.4%)


Bold font represents statistical difference.
Patient global impression of change (PGIC)
The network meta-evidence diagram is shown in Figure 6A. All p-values for the indirect and direct comparisons between studies were exceeded 0.05, indicating that the consistency of effects among the studies is acceptable. Further details can be found in Supplementary Table S7.
The NMA results indicated that in improving PGIC scores, 2–5%THC (MD = −1.59, 95% CI: -2.21 to −0.97) and Cannabis (MD = −0.64, 95% CI: -1.14 to −0.14) were superior to placebo treatment. Details are provided in Table 5. Regarding probability rankings among different bioactive compounds for improving PGIC scores, 2–5%THC ranked first in SUCRA (SUCRA = 84.8%, as shown in Figure 6B).
TABLE 5 | Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of PGIC. Treatments are ordered by SUCRA values (higher percentage indicates greater probability of being effective). The league table presents pairwise comparisons as mean differences with 95% confidence interval, Results that do not overlap with zero are considered statistically significant. Lower PGIC scores signify better outcomes. Negative values indicate that column therapy is superior to row therapy. The results derived from the random-effects models.	2–5%THC (SUCRA 85.1%)								
	0.26 (−1.3, 1.82)	6–9%THC (SUCRA 79.6%)							
	0.11 (−0.94,1.16)	0.84 (−1.23, 2.91)	Cannabis (SUCRA 72.8%)						
	0.52 (−1.58, 3.61)	0.25 (−1.09,1.59)	0.41 (−1.67, 2.49)	Curcumin (SUCRA 63.1%)					
	0.54 (−1.59, 3.67)	0.28 (−1.08, 1.63)	0.44 (−1.68, 2.56)	0.02 (−1.06, 1.11)	Capsaicin (SUCRA 38.4%)				
	0.76 (−1.83, 3.34)	0.49 (−1.53, 2.51)	0.65 (−1.92, 3.22)	0.24 (−1.15, 1.63)	0.22 (−1.20, 1.63)	Usual treatment (SUCRA 34.5%)			
	0.97 (−1.59,3.54)	0.71 (−1.33, 2.75)	0.87 (−1.68, 3.55)	0.46 (−1.06, 1.97)	0.43 (−1.09, 1.95)	0.22 (−1.53, 1.97)	VitaminD (SUCRA 14.4%)		
	−1.27 (−3.25, 0.70)	0.38 (−1.01, 1.77)	0.54 (−2.00, 3.07)	0.12 (−1.67, 1.91)	1.10 (−1.67, 3.87)	0.89 (−1.87, 3.65)	0.67 (−1.64, 2.98)	Alpha-lipoic acid (SUCRA 10.9%)	
	−1.59 (-2.21, -0.97)	0.77 (−1.94, 3.48)	−0.64 (-1.14, -0.14)	1.52 (−1.00, 4.04)	1.50 (−1.06, 4.06)	1.28 (−1.79, 4.36)	1.06 (−1.99, 4.12)	0.40 (−1.47, 2.27)	Placebo (SUCRA 0.4%)


Bold font represents statistical difference.
Leeds sleep evaluation questionnaire (LSEQ)
The network meta-evidence diagram for LSEQ was presented in Figure 7A. The consistency tests between indirect and direct comparisons among all studies showed that the p-values were greater than 0.05, indicating an acceptable level of consistency. Further detailed information is provided in Supplementary Table S8.
The NMA results suggested that while there were differences in probability rankings among bioactive compounds, none demonstrated a statistically significant improvement in LSEQ scores over conventional measures based on the effect estimates. 2%–5% THC had the highest probability of being the most effective bioactive compound (SUCRA = 90.7%, as shown in Figure 7B)), with an effect size versus placebo of (MD = 0.48, 95% CI: -0.55–1.51). However, the wide confidence interval intersecting the null value and the lack of a significant difference from conventional measures indicate that this finding is uncertain and should be interpreted with caution. Table 6 provides a comparison of different intervention measures.
TABLE 6 | Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of LSEQ. Treatments are ordered by SUCRA values (higher percentage indicates greater probability of being effective). The league table presents pairwise comparisons as mean differences with 95% confidence interval, Results that do not overlap with zero are considered statistically significant. Higher LSEQ scores signify better outcomes. Positive values indicate that column therapy is superior to row therapy. The results derived from the fixed-effects models.	2–5%THC (SUCRA 90.7%)			
	0.59 (−0.59,1.77)	Cannabis (SUCRA 59.3%)		
	0.79 (−0.39,1.97)	0.20 (−0.66,1.06)	Placebo (SUCRA 40.7%)	
	1.27 (−0.12,2.65)	0.68 (−0.18,1.54)	0.48 (−0.55,1.51)	6–9%THC (SUCRA 9.3%)


Adverse effects
Adverse reactions associated with cannabinoids and capsaicin were reported across most of the included trials. Among cannabinoids, the most frequently reported adverse events included headache, dry eyes, burning sensation, dizziness, nausea and vomiting, cough, and euphoria. Using the RR as the outcome measure, corresponding statistical analyses were conducted. The p-values for dizziness and euphoria were 0.0002 and 0.02, respectively, indicating statistically significant differences. For capsaicin, commonly reported adverse reactions primarily included erythema, headache, pruritus, burning sensation, and tearing eyes. Detailed information can be found in Table 7.
TABLE 7 | Summary of adverse effect.	Cannabinoids-related adverse effect	Number of studies included	Exp n/(N) (%)	Con n/N (%)	Risk ratio (95% Cl)	p-value for statistical significance	p-value for heterogeneity
	headache	2	8/53	6/56	1.47 [0.42, 5.18]	0.49	0.89
	dry eyes	1	1/21	0/22	3.29 [0.13, 85.44]	0.47	-
	burning sensation	4	10/135	8/136	1.28 [0.49, 3.38]	0.62	0.98
	dizziness	3	33/101	11/104	4.62 [2.07, 10.30]	0.0002**	0.87
	nausea and vomiting	3	12/93	6/96	2.24 [0.79, 6.31]	0.13	0.86
	cough	1	3/21	1/22	3.50 [0.33, 36.67]	0.30	-
	euphoria	3	22/69	8/72	6.93 [1.32, 36.29]	0.02*	0.27


	Capsaicin-related adverse effect	Number of studies included	Exp n/(N) (%)	Con n/N (%)	Risk ratio (95% Cl)	p-value for statistical significance	p-value for heterogeneity
	Erythema	3	38/366	6/221	2.81 [0.50, 15.92]	0.24	0.12
	headache	1	1/290	0/130	1.35 [0.05, 33.42]	0.85	-
	pruritus	4	29/377	8/232	5.37 [2.29, 12.57]	<0.0001***	0.71
	Burning	3	24/87	5/102	7.32 [2.64, 20.32]	<0.0001***	0.80
	tearing eyes	2	4/76	1/91	3.36 [0.50, 22.73]	0.21	0.53


*P < 0.05; **P < 0.001; ***P < 0.0001.
Abbreviations: N, number; Exp, Experimental; Con, Control.
Assessment of heterogeneity and inconsistency
Meta-analysis using a random-effects model revealed considerable heterogeneity (I2 > 50%) for VAS, NPS, and PGIC outcomes, whereas heterogeneity was low for HADS and LSEQ. Therefore, subgroup analyses were performed to explore sources of heterogeneity based on the route of administration, pain etiology and intervention time, as shown in Table 8.
TABLE 8 | Summary of subgroup analysis of the route of administration, pain etiology and intervention time on primary outcomes.	Primary outcome	Subgroup	Number of studies	Experimental (N)	Control (N)	Weighed mean (95% Cl)	p-value For heterogeneity	I2 test for heterogeneity (%)
	VAS	Route of administration						
	Inhaled	8	244	245	−1.08 (−1.34, −0.82)	0.57	0
	Topical	5	630	467	−1.55 (−1.70, −1.41)	0.03*	76
	Oral	1	165	165	−1.00 (−1.44, −0.56)	-	-
	Pain etiology						
	Diabetic	5	268	283	−1.42 (−2.08, −0.76)	0.06	46
	Peripheral	4	580	401	−1.11 (−1.83, −0.39)	0.85	0
	Central	5	191	191	−1.35 (−1.86, −0.85)	0.02*	65
	Intervention time						
	<8 weeks	6	175	174	−1.13(−1.49, −0.77)	0.04*	57
	8–12 weeks	7	699	536	−1.39(−1.98, −0.80)	0.002*	84
	>12 weeks	1	165	165	−0.62(−0.84, −0.40)	—	—
	NPS	Route of administration						
	Inhaled	6	206	206	−0.93 (−1.15, −0.70)	0.18	40
	Oral	5	359	352	−2.50 (−2.76, −2.24)	<0.001**	80
	Pain etiology						
	Diabetic	5	359	352	−3.08 (−3.64, −2.52)	0.04*	64
	Peripheral	1	15	15	−0.88 (−1.99, −0.23)	—	—
	Central	5	191	191	−0.90 (−1.26, −0.54)	0.20	38
	Intervention time						
	<8 weeks	6	206	206	−0.88 (−1.12, −0.65)	0.0002**	82
	8–12 weeks	3	237	230	−2.22 (−2.52, −1.91)	0.21	45
	>12 weeks	2	122	122	−1.57 (−1.86, −1.28)	0.03*	69
	PGIC	Route of administration						
	Inhaled	6	497	336	−1.35 (−1.58, −1.11)	0.19	39
	Topical	2	301	141	−1.55 (−1.92, −1.18)	0.004*	88
	Oral	3	162	162	−1.07 (−1.43, −0.72)	0.92	0
	Pain etiology						
	Diabetic	5	521	345	−0.76 (−1.43, −0.10)	0.08	55
	Peripheral	2	312	151	−1.25 (−2.25, −0.25)	0.02*	82
	Central	4	127	143	−1.38 (−0.86, −0.10)	0.76	0
	Intervention time						
	<8 weeks	4	196	195	−1.19 (−1.37, −1.02)	0.68	0
	8–12 weeks	5	703	383	−1.37 (−1.60, −1.14)	0.92	0
	>12 weeks	2	61	61	−0.95 (−1.28, −0.63)	0.72	0


*P < 0.05; **P < 0.001.
Abbreviations: N, number; VAS, visual analogue scale; NPS, neuropathic pain scale; PGIC, patient global impression of change.
Analysis by route of administration suggested that inhaled administration might be a source of heterogeneity for VAS and NPS, while topical and oral administration contributed to heterogeneity in VAS and PGIC, respectively. Subgrouping by pain etiology indicated that peripheral neuropathy may explain heterogeneity in VAS, whereas central neuropathy was associated with heterogeneity in NPS and PGIC. Analysis by intervention duration showed that time frame was a significant source of heterogeneity only for PGIC, with the strongest treatment effect observed in the medium-term (8–12 weeks).
Inconsistency assessment showed no significant global inconsistency for VAS, HADS, PGIC, or LSEQ (all p > 0.05). Node-splitting analysis confirmed local consistency for VAS and PGIC, indicating that their high heterogeneity likely stemmed from clinical or methodological diversity rather than statistical inconsistency. In contrast, global inconsistency was detected for NPS (p < 0.05), which was localized to the comparison between 2% and 5% THC and placebo, possibly due to differences in dosing or trial design between direct and indirect evidence. The results were summarized in the Supplementary Tables S9–S13.
Sensitivity analysis results
Sensitivity analyses were conducted to assess the robustness of the primary NMA findings. In the first analysis, studies at high risk of bias, with imputed data, digitally extracted data, or employing vague unit scales were sequentially excluded. The results remained consistent, with the estimated effect sizes, confidence intervals, and statistical significance of the primary endpoints unchanged. This indicates that the primary conclusions are robust against methodological variations.
A second sensitivity analysis was conducted to address the clinical heterogeneity in vitamin D administration routes, which included both oral and intramuscular (IM) forms. The network was restructured by dividing vitamin D into two nodes (vitamin D _oral and vitamin D _ IM) (Supplementary Figures S6, S7) while keeping all other interventions unchanged. The NMA was re-run using the same statistical model and prior distributions as the primary analysis. The results showed good global and local consistency, and the relative treatment effects for all other interventions in the network were not significantly altered (Supplementary Tables S14, S15). This confirms that the variation in vitamin D administration did not significantly impact the overall findings, reinforcing the reliability of our conclusions.
The risk of publication bias
We conducted an assessment of potential publication bias through the construction of separate funnel plots for each outcome result. Upon visual inspection of these funnel plots, no substantial evidence of bias was detected (Wallace et al., 2009). Further details are presented in Figure 8. This subjective impression was confirmed by Egger’s linear regression test, which found no statistically significant evidence of funnel plot asymmetry (Supplementary Table S16).
[image: Five funnel plots (A to E) display the standard error of effect size versus effect size centered at comparison-specific pooled effect. Each plot features colored dots representing different comparisons as identified in the legend. Dashed lines indicate the funnel's edges, while solid lines illustrate trends. Each plot shows variations in effect sizes and errors across the comparisons.]FIGURE 8 | Funnel plot on publication bias. (A) VAS; (B) NPS; (C) HADS; (D) PGIC; (E) LSEQ.GRADE rating of outcome indicators
GRADE rating was performed for primary outcomes. We found that the evidence levels of primary outcomes were rated as moderate to low. Mainly because the risks of bias, inconsistency, imprecision and indirection downgraded the overall quality assessment (Figure 9).
[image: A table assessing the quality and effects of bioactive compounds versus placebo treatment for neuropathic pain. It includes five measures: Visual Analogue Scale, Neuropathic Pain Scale, Hospital Anxiety and Depression Scale, Patient Global Impression of Change, and Leeds Sleep Evaluation Questionnaire. The table shows the number of studies, design, risks of bias, and patient numbers for each measure, alongside effect size and quality ratings. Significant findings include moderate to low quality with critical importance noted for most scales, indicating a decrease in scores with bioactive compounds.]FIGURE 9 | GRADE rating for evidence of primary outcomes. Abbreviations: SMD, standardized mean difference; MD, mean difference.GRADE downgrade reasons including: (1) Risk of Bia; We downgraded by one level due to serious concerns regarding risk of bias across studies. Trials had high/unclear risk in key domains (randomization, blinding, incomplete outcome data) potentially biasing effect estimates. (2) Inconsistency (Heterogeneity); Evidence was downgraded by one level for unexplained heterogeneity (I2 >50%, p < 0.05). (3) Imprecision; We downgraded by one level for imprecision. The confidence interval crossed the predefined minimal clinically important difference threshold of and/or included both clinically significant benefit and no effect. (4) Indirectness: We downgraded by one level due to the lack of a formal transitivity assessment, which has introduced uncertainty in indirect comparisons.
DISCUSSION
The main aim of this NMA was to evaluate the efficacy of different bioactive compounds on pain intensity and quality of life in NP patients. A total of 20 RCTs were included, covering 6 different natural products and involving a large sample of 2471 patients diagnosed with NP. While the NMA yielded probability rankings that favored THC for pain intensity, 2%–5% THC and capsaicin for certain quality-of-life measures, the clinical implications of these findings are uncertain. The evidence for these rankings should be interpreted with caution due to the precision of effect and the need to reference MCIDs.
Our study suggested that 6%–9% THC exhibited advantages in reducing VAS scores, which is supported by its mechanism of action. Neuroimaging evidence indicates that THC may alleviate pain by disrupting functional connectivity in pain-processing pathways like the anterior cingulate cortex (ACC)—a region rich in cannabinoid receptors (Weizman et al., 2018; Lee et al., 2013; Eggan and Lewis, 2007). Although the point estimates suggested a potential benefit of 6%–9% THC over capsaicin (−0.28) and alpha-lipoic acid (−0.67), the differences did not reach statistical significance. It is critical to note that this lack of statistical significance does not equate to evidence of no difference. Given that the evidence for this comparison was rated as moderate certainty and this observed difference fell below the established MCID of 2 points. Therefore, we can be reasonably confident that 6%–9% THC does not confer a clinically meaningful advantage over capsaicin or alpha-lipoic acid, despite its superior ranking. Thus, the choice between these interventions may depend on factors such as safety, cost, and patient preference rather than efficacy. Furthermore, the therapeutic potential of THC is tempered by a considerable risk of adverse events. Our findings confirm that dizziness and euphoria are significant concerns, which aligns with broader evidence of dose-related cognitive and psychiatric effects (Whiting et al., 2015; Pope et al., 2001; Hart et al., 2001). Clinicians must carefully consider this risk-benefit profile before prescribing.
Our NMA also indicated that 2%–5% THC had the highest probability of effective intervention for reducing NPS. However, the lack of a statistically significant difference from the next-best options (6–9%THC and alpha-lipoic acid), supported by moderate-certainty evidence, implies a comparable analgesic effect among them. Therefore, the critical differentiating factor becomes safety. Existing evidence clearly indicated that a lower dose of THC was effective while having a significantly lesser impact on cognition compared to the higher dose (Wilsey et al., 2008). Therefore, lower doses may offer a superior risk-benefit profile by balancing analgesia with reduced neurocognitive adverse events. This approach is particularly relevant in the context of polypharmacy for chronic pain, where adding a low-dose THC could be a strategy for treatment-resistant cases without exacerbating side effects (Black and Sang, 2005; Cichewicz, 2004).
This analysis proposed that capsaicin might offer a dual benefit in neuropathic pain by improving both pain intensity (VAS) and emotional distress (HADS). Mechanistically, this effect is attributed to capsaicin’s agonist action on transient receptor potential vanilloid-1 (TRPV1) receptors, which initially causes transient burning or stinging due to nociceptor activation, followed by prolonged desensitization (often termed “de-functionalization”) that underlies its sustained analgesic effect (Groninger and Schisler, 2012; Dessirier et al., 2000). Although capsaicin was ranked highest, the differences from subsequent interventions were not statistically significant. The evidence supporting this comparison was of low certainty, due to risk of bias and imprecision in the included studies, means we have little confidence in the estimated ranking. Therefore, the current evidence is insufficient to reliably distinguish the effects of these interventions on emotional outcomes. In terms of safety, the primary concern remains the self-limiting, initial local irritation, while other reactions such as erythema may occur (Parrott and Hindmarch, 1980). In summary, while capsaicin remains a useful non-systemic option in selected patients, the current evidence is insufficient to robustly support its superiority in improving emotional symptoms over other treatments.
Although our analysis suggested that low-dose (2%–5%) THC had the highest probability of being the most effective intervention for improving patient-reported outcomes on the PGIC and LSEQ scales, this finding must be interpreted with caution for several key reasons. First, the certainty of the evidence supporting these rankings was not uniform across outcomes. For the improvement in PGIC, the evidence was rated as moderate, indicating that the true effect is likely close to the estimated one. However, for LSEQ, the evidence was downgraded to low certainty, meaning our confidence in the effect estimate is limited. Consequently, the conclusion regarding sleep improvement is considerably more uncertain. Second, and most critically, the clinical relevance of this statistical superiority is questionable. When the estimated benefits were evaluated against the MCID, low-dose THC was superior only to placebo and alpha-lipoic acid, but not to other active comparators. This indicates that while the effect of low-dose THC may be statistically detectable, its clinical advantage over a range of alternative treatments remains uncertain. Overall, the current evidence is insufficient to robustly recommend low-dose THC over other therapeutic options. Any potential benefit must be carefully weighed against its known adverse effects, and shared decision-making with patients is essential.
Furthermore, our research confirmed that alpha-lipoic acid was superior to placebo in improving VAS and NPS scores. As a mitochondrial coenzyme used in oxidative stress-related conditions such as diabetes and neurodegenerative diseases (Packer et al., 1995), Alpha-lipoic acid at 600 mg/day significantly improved symptom scores and remission rates in diabetic neuropathy patients, with similar benefits observed in back and neck pain studies, likely due to its antioxidant effect (Ziegler et al., 2004; Ranieri et al., 2009; Letizia Mauro et al., 2014). Additionally, curcumin showed advantage in alleviating HADS scores in neuropathic pain patients, consistent with its reported efficacy in reducing depression and anxiety in diabetic neuropathy (Asadi et al., 2019). Its antidepressant and anxiolytic effects are linked to anti-inflammatory, antioxidant, and neurotransmitter-modulating properties (Lopresti et al., 2012; Benammi et al., 2014). However, the poor oral bioavailability of curcumin in human causes a major obstacle to achieving adequate plasma levels with desirable pharmacological effects. It is preferable to use Nano-curcumin, which shows more efficacy and faster cellular absorption than free curcumin (Rahimi et al., 2016). Consequently, in both of the studies that we incorporated, nano-curcumin supplementation was utilized instead of free curcumin.
Our meta-analysis revealed considerable heterogeneity for several primary outcomes, notably VAS, NPS, and PGIC. However, for VAS and PGIC, the absence of inconsistency indicates that the heterogeneity likely stems from clinical diversity within comparisons (e.g., patient populations, intervention protocols) rather than statistical conflicts between direct and indirect evidence. Subgroup analyses suggested that the route of administration, pain etiology, and intervention time are potential effect modifiers. A notable time-dependent effect was found for PGIC, with the greatest benefit observed in the medium term (8–12 weeks). In contrast, the NPS outcome showed significant global inconsistency, specifically in the 2%–5% THC vs. placebo comparison. This suggests a conflict between direct and indirect evidence, possibly due to differences in trial design or populations, necessitating cautious interpretation of NPS results. In summary, the treatment effects are influenced by key clinical and methodological variables. The coherent networks for VAS and PGIC support their robust efficacy signals, despite heterogeneity. The inconsistent NPS network highlights a more complex evidence base. Future trials should standardize protocols and target specific patient subgroups to clarify these effects.
The sensitivity analyses conducted in this study strengthen the credibility of our primary NMA findings. The consistency of the results after the sequential exclusion of studies with potential methodological concerns demonstrates that the core conclusions are robust against these sources of bias. This robustness enhances our confidence that the observed treatment effects are not merely artifacts of specific methodological choices or data quality limitations within the included trials. Furthermore, the second sensitivity analysis, which explicitly modeled the different administration routes of vitamin D (oral and intramuscular), confirmed that this specific clinical heterogeneity did not materially influence the network estimates. The preservation of both global and local consistency, along with stable effect estimates for all other interventions, indicates that the network structure was resilient to this modification. This finding is crucial, as it suggests that the relative ranking of treatments is reliable despite variations in how certain interventions are delivered in clinical practice. Collectively, these analyses affirm the stability and clinical applicability of our results, supporting their potential utility in informing treatment decisions for neuropathic pain.
LIMITATIONS
Our research also has some inevitable limitations: (1) The results of our study had significant heterogeneity in the primary outcomes, and the source of heterogeneity could not be completely determined by subgroup analysis because of the limited data provided by the original trials, our findings must be treated with caution. (2) The risk of bias in existing studies, the heterogeneity of results, and the resulting high degree of uncertainty were the main reasons for downgrading the strength of evidence for some outcomes. The current recommendations are based on the above-mentioned trade-offs and strongly rely on the results of future high-quality research. (3) QoL was assessed via patient-reported questionnaires; functional outcomes (e.g., work absenteeism, objective activity monitoring, or analgesic consumption) were not captured. While this aligns with our focus on subjective patient experience, future studies should include these measures to comprehensively evaluate treatment efficacy. (4) The lack of pain duration, detailed data on comorbidities and concurrent treatments, the generalization of the research results needs to be cautious, especially when it comes to patient groups with different pain characteristics, comorbidities or receiving specific combined treatments. (5) The limited number of studies considered in our research and the lack of direct comparative evidence for certain intervention measures, these results should be interpreted with caution. (6) The absence of a formal transitivity assessment is also a limitation. Clinical heterogeneity could bias indirect estimates, necessitating cautious interpretation, particularly for comparisons based on indirect evidence. This was considered in our GRADE ratings by downgrading for indirectness.
CONCLUSION
The results of the NMA show that bioactive compounds have respective advantages in improving the pain intensity and quality of life of patients with neuropathic pain. This conclusion is supported by multiple sensitivity analyses. However, higher-certainty evidence is needed for universal recommendation. In addition, due to the limitations of the initial research design, the comparisons of certain treatment methods were indirect, which might have weakened the strength of the evidence in our study. Therefore, there is an urgent need to conduct more rigorous and high-quality randomized controlled trials to further verify the efficacy and safety of bioactive compounds in the treatment of neuropathic pain.
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