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Objectives: Metformin is regarded as a potential drug for the treatment of knee osteoarthritis (KOA), but its efficacy remains unclear. This systematic review and meta-analysis aims to evaluate the efficacy of metformin in the treatment of KOA.

Methods: According to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we searched three literature databases, including PubMed, Web of Science and EMBASE, and conducted a systematic review and meta-analysis of randomized controlled trials and cohort studies up to April 1, 2025, studies evaluating the use of metformin in the treatment of KOA were included. Hazard ratio (RR), standard mean difference (SMD), and the corresponding 95% confidence interval (CI) were used as aggregated statistics. This systematic review is registered on RROSPERO (CRD420251026750).

Results: A total of six eligible studies included 4,628 patients (1,489 patients use metformin versus 3,139 patients non-use). The main observation outcome was the score of the pain scale (WOMAC, KOOS, VAS, etc.) of the knee joint and the incidence of total knee arthroplasty (TKA) is a secondary outcome. Analysis of the included population the included population reveals that the BMI levels of all individuals were at the overweight range. In this situation, the comprehensive results show that regardless of different conventional treatment methods, courses of treatment and doses, combined metformin treatment in the incidence of joint replacement [RR = 0.65, 95% CI (0.54, 0.77), p < 0.00001] and knee pain scores [SMD = −0.47, 95% CI (−0.84, −0.11), p = 0.01], it was superior to the control group treatment.

Conclusion: The research results show that metformin can relieve the pain of KOA with high BMI and reduce the possibility of joint replacement. However, due to the less of randomized controlled trials (RCTS), clinicians should be fully cautious when using it.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/CRD420251026750.
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1 Introduction

Knee osteoarthritis (KOA) is a common degenerative joint disease characterized by progressive cartilage degeneration, synovitis and changes in subchondral bone, which leads to knee pain and functional impairment, exerting significant pressure on the quality of life and mental health of patients, and also imposing a heavy economic burden on society (1). In the past few years, the treatment of OA has remained a challenging task for doctors. At present, the treatment methods for OA are limited to pain-relieving drugs, such as acetaminophen and non-steroidal anti-inflammatory drugs. The only available option for patients with advanced OA is joint replacement surgery (2). Given the increasing prevalence of OA, especially among the elderly and individuals with metabolic disorders such as obesity and diabetes, there is an urgent need for effective treatment methods that can not only alleviate symptoms but also change the progression of the disease.

Metformin is one of the most widely used hypoglycemic drugs in the world. As a first-line drug for treating type 2 diabetes, some literature indicates that it has the effects of anti-aging and alleviating aging-related diseases (3). A study has shown that metformin activates adenosine monophosphate-activated protein kinase (AMPK), which plays an important role in mediating its benefits by regulating inflammation and cellular metabolism. This activation leads to a reduction in inflammation, promotes the survival of chondrocytes, and weakens cartilage degeneration (4). Following this, another study also confirmed that metformin can activate the AMPK-autophagy-lysosome pathway to promote inflammatory cell death and thereby protect cartilage. Moreover, in the rat model, metformin can alleviate OA pain by inhibiting pain mediators (such as CGRP) (5).

Therefore, in recent years, the potential application of metformin in the treatment of OA has attracted more attention. In addition to relevant animal experiments, some clinical studies have also shown that metformin is a promising candidate drug for the treatment of OA. A cohort study reported that compared with sulfonylurea drug treatment, the incidence of OA in patients with type 2 diabetes treated with metformin was significantly reduced, and the risk of developing OA was decreased by 24%, demonstrating the effect of preventing OA (6). However, it is not clear to what extent these results can be generalized to a broader OA population, especially non-diabetic patients.

A systematic review published in 2022 expounded on the efficacy of metformin in the treatment of OA in preclinical and human studies. This review did not conduct a meta-analysis and was different from our search strategy (7). Moreover, there were three updated studies after 2022. Therefore, we combined the latest experimental studies and pool-up analyses. Systematically evaluate the efficacy of metformin in patients with KOA.



2 Methods

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (8), aiming to determine the efficacy of metformin in patients with KOA. The PRISMA checklist is shown in Supplementary Table S1 of the supplementary document. And we prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO). The registration number is CRD420251026750.


2.1 Search strategy

We conducted a systematic literature search in PubMed, Web of Science and Embase, retrieving the published English articles up to April 1, 2025. In the search method, a combination of MeSH terms and free words were used, and the following terms are employed to retrieve the database: “Metformin,” “Dimethylbiguanidine,” “Dimethylguanylguanidine,” “Glucophage,” “osteoarthritis,” “Osteoarthritides,” “Osteoarthrosis,” “Osteoarthroses.” The detailed search strategy is shown in Supplementary Table S2.



2.2 Inclusion and exclusion criteria

The inclusion criteria that should be met are: (1) The study type is a randomized controlled trial, a cohort study, or a case–control trial; (2) The research subjects were adult patients with KOA, regardless of whether they were complicated with metabolic syndrome (such as diabetes, etc.); (3) The research content is the effects of metformin use and non-use on KOA patients; (4) At least one outcome measure should be included (knee Pain Scale, number of joint replacement surgeries, WOMAC Scale, KOOS scale, Knee Function Scale, etc.). Exclusion criteria: (1) Non-human studies, reviews, letters, case reports, laboratory articles, and conference abstracts; (2) No reliable data; (3) Non-English articles. The included studies were independently discovered and evaluated by two researchers. Any differences between the two investigators were resolved by consensus.



2.3 Data extraction

Data extraction was independently completed by two researchers and organized in spreadsheets. Any differences that arise shall be reasonably decided by additional researchers. We mainly focus on the following data in the researches: author, publication date, study design, study country, study duration, sample size, participant age, gender, body mass index (BMI), WOMAC score, Knee pain score, and KOOS score. When the continuous variables in the study were using the median range or interquartile range, we calculated the corresponding mean ± standard deviation through the reported mathematical methods (9, 10). If the data in the research is missing or not reported, we contact the relevant authors to obtain the completed data.



2.4 Quality assessment

We used the Newcastle—Ottawa Scale (NOS) (11) to assess the quality of cohort studies and case–control studies. The score range was 0–9 points, and a score of 0–3 points indicated a lower quality of the articles, 4–6 indicates average article quality, while a score of 7–9 indicates relatively high quality. For randomized controlled trials, we used the modified Jadad scale (12) to assess the risk of bias. A score of 1–3 was considered low quality, and a score of 4–7 was considered high quality.



2.5 Statistical analysis

We used Revman 5.4.1 (Cochrane Collaboration, London, United Kingdom) and Stata 17.0 (StataCorp LP, College Station, TX, United States) to collect and analyze the data. For the continuous variables in the outcomes, we used the standardized mean differences (SMD) to combine the trial results using different scales; For binary categorical variables, risk ratios (RR) was used as the outcome report, and the corresponding 95% confidence intervals (CI) were given for all outcomes, p < 0.05 was considered statistically significant. The I2 test was used to determine the level of heterogeneity. If I2 = 0, it was considered that there was no heterogeneity. When I2 > 50%, significant heterogeneity is considered. The results are summarized using the random effects model. When I2 < 50%, the fixed effects model is applied. Finally, we conducted a sensitivity analysis to ensure the reliability of the results. For publication bias, we used Stata for Egger’s test, p < 0.05 was considered to have significant publication bias.




3 Results


3.1 Literature search and study characteristics

Through literature retrieval, we included a total of 1,121 relevant literatures in PubMed (n = 233), Web of Science (n = 184), and Embase (n = 704). The process flow chart of literature retrieval and selection is shown in Figure 1. Literature management was conducted using Endnote X9 software. After deleting 251 duplicate articles, two researchers reviewed the titles and abstracts of the remaining 870 articles. After excluding articles irrelevant to the research topic, non-clinical and non-English ones, there were 19 remaining articles. Finally, a detailed full-text reading was conducted on these 19 articles, and a total of six studies were included in our review. We extracted the relevant characteristic data, including research methods, participant information, intervention measures, outcome indicators, etc. The summary of the relevant materials included in the study is shown in Table 1. A total of 4,628 patients (1,489 with metformin and 3,139 without) were included in the combined analysis. Of these articles, two were prospective cohort studies (13, 14), two were retrospective cohort studies (15, 16), and two were randomized controlled trial studies (17, 18).

[image: Flowchart illustrating the identification and selection process for studies in a review. From 1,121 records initially identified across PubMed, Embase, and Web of Science, 251 duplicates were removed. After screening 870 records, 851 were excluded for various reasons such as irrelevance or non-English language. Nineteen reports were sought for retrieval, but five were not retrieved. Fourteen reports were assessed for eligibility, resulting in eight exclusions. Ultimately, six studies were included in the review.]

FIGURE 1
 PRISMA flow diagram of study selection process.



TABLE 1 Data collection.


	Study
	Region
	Study design
	Mean follow-up
	Age (year)
	Sex (male)
	BMI
	Sample size (n)
	Pain scores
	Joint replacement



	Metformin
	No-metformin
	Metformin
	No-metformin
	Metformin
	No-metformin
	Metformin
	No-metformin
	Metformin
	No-metformin
	Metformin
	No-metformin

 

 	Aiad et al. (17) 	Egypt 	RCT 	12 weeks 	51.00 ± 5.752 	52.28 ± 6.100 	3 	3 	36.40 ± 5.555 	38.49 ± 5.934 	25 	25 	−4.32 ± 1.8246 	−1.72 ± 1.7929 	NA 	NA


 	Alimoradi et al. (18) 	Iran 	RCT 	4 months 	49.3 ± 9.3 	47.2 ± 9.0 	10 	14 	29.1 ± 3.1 	29.0 ± 3.8 	44 	44 	−15.9 ± 18.9517 	1.3 ± 19 	NA 	NA


 	Wang et al. (21) 	USA 	Prospective 	6 years 	62.3 ± 7.7 	61.7 ± 8.5 	15 	270 	34.9 ± 3.8 	33.9 ± 3.1 	56 	762 	−0.9 ± 4.1998 	−0.6 ± 3.7997 	3 	88


 	Halabitska et al. (14) 	Ukraine 	Prospective 	3 months 	48 ± 14.074 	47 ± 13.148 	19 	15 	28.02 ± 2.8148 	29.87 ± 2.8963 	34 	26 	−1 ± 1.4815 	−1 ± 1.9333 	NA 	NA


 	Lu et al. (15) 	CN Taiwan 	Retrospective 	10 years 	70.17 ± 10.85 	70.74 ± 10.56 	415 	830 	NA 	NA 	968 	1936 	NA 	NA 	124 	314


 	Chen et al. (16) 	China 	Retrospective 	19 years 	72.7 ± 10.1 	72.7 ± 10.7 	83 	80 	25.8 ± 4.3 	25.8 ± 4.4 	362 	346 	1.6 ± 1.9 	2.1 ± 1.7 	20 	72




 



3.2 Quality assessment

Two RCTS were evaluated using the Jadad scale, the modified Jadad score range for qualified studies is from 4 to 7, and both scores were within the range, the detailed scoring criteria are presented in Table 2. The remaining four articles were evaluated using the NOS scale. Studies with a score of 7–9 were considered of high quality. Two literatures are regarded as high-quality studies. It is presented in Table 3.


TABLE 2 The modified Jadad’s scores scale for RCTS.


	Modified jadad’s scores scale for randomized controlled trials



	Study
	Randomization
	Concealment
	Blinded
	With or drop-out
	Total

 

 	Aiad et al. (17) 	2 	1 	 	2 	1 	6


 	Alimoradi et al. (18) 	1 	1 	 	2 	1 	5




 


TABLE 3 The NOS scale for cohort study.


	Author
	Study quality of included studies based on the Newcastle-Ottawa scale
	Quality score



	Study quality of cohort studies



	Selection
	Comparability
	Outcome



	Representativeness of the exposed cohort
	Selection of the non-exposed cohort
	Ascertainment of exposure
	Demonstration that outcome of interest was not present at start of study
	Comparability of cohorts on the basis of the design or analysis
	Assessment of outcome
	Was follow-up long enough for outcomes to occur
	Adequacy of follow up of cohorts

 

 	Wang et al. 	* 	* 	* 	* 	** 	* 	* 	* 	9


 	Halabitska et al. 	* 	* 	* 	* 	* 	* 	* 	 	6


 	Lu et al. 	* 	* 	* 	* 	* 	* 	 	* 	6


 	Chen et al. 	* 	* 	* 	* 	* 	* 	* 	* 	8





Each * is worth one point. Except for “Comparability”, which can be scored up to 2 points, the remaining items can each be scored up to 1 point. The total score ranges from 0 to 9, with a higher score indicating a higher quality of the research.
 



3.3 Effect on knee pain

A total of five studies were included in the analysis, involving 1724 patients (521 cases using metformin and 1,203 cases not). The heterogeneity test indicated significant heterogeneity among the studies (I2 = 83%). Therefore, the random effects model was used to calculate the SMD and 95% confidence interval. The aggregated results showed that under conventional treatment, compared with the group without metformin treatment, the knee pain score of patients treated with metformin was significantly reduced. It decreased by 0.84 in the metformin group and by 0.11 in the non-metformin group (SMD: −0.47; 95% CI: −0.84, −0.11; p = 0.01). The specific situation is shown in Figure 2A.

[image: Panel A shows a forest plot comparing Metformin and control groups across five studies, illustrating a standardized mean difference and confidence intervals. The overall effect indicates a negative mean difference favoring Metformin. Panel B is a funnel plot displaying Egger’s test result as 0.373, assessing publication bias with scattered data points.]

FIGURE 2
 (A) The effect of metformin-use on knee pain. (B) Funnel plot and Egger’s test for the knee pain.


Although only five studies were included, we still plotted the funnel plot and conducted Egger’s test. The subjective assessment of the funnel plot revealed a mild publication bias. However, Egger’s test indicated no statistical significance (Figure 2B for details).



3.4 Effect on total knee arthroplasty

A total of three studies were included in the analysis, involving 4,430 patients (1,386 patients used metformin and 3,044 patients non-use). The risk ratio (RR) and 95% confidence interval were calculated using the fixed-effect model. The aggregated results suggested that the risk of TKA after metformin treatment was significantly reduced (RR = 0.65; 95% CI: 0.54, 0.77; p < 0.00001), and the specific situation is shown in Figure 3A. However, the heterogeneity in the study was significant (I2 = 89%). Therefore, the three studies were analyzed, respectively. When the study of Lu et al. (15) was not included, the heterogeneity decreased to zero, and the results were also statistically significant, as shown in Figure 3B.

[image: Forest plots comparing metformin and control groups in two analyses. Chart A: Three studies show a risk ratio of 0.65 with 95% confidence interval of 0.54 to 0.77; heterogeneity is significant at 89%. Chart B: Same studies show a risk ratio of 0.29 with 95% confidence interval of 0.19 to 0.45; heterogeneity is 0%. Both plots depict risk ratios with fixed-effect models using weights, indicating favorable outcomes for metformin.]

FIGURE 3
 (A) Effect on total knee arthroplasty. (B) The forest plot after removing one study.




3.5 The influence of follow-up time on the knee pain

We believe that a follow-up period of more than 5 years is long enough. Therefore, we conducted a subgroup analysis to compare the effect of metformin on pain in terms of usage duration. The aggregated results showed that the metformin use group was able to reduce the pain score more during the long follow-up period. The results were statistically significant and the heterogeneity was also lower (SMD: −0.21; 95% CI: −0.39, −0.03; p = 0.02, I2 = 37%), and in terms of short-term pain management, the results were not statistically significant (SMD: −0.76; 95% CI: −1.52, 0.01; p = 0.05, I2 = 85%), as shown in Figure 4.

[image: Forest plot showing the standardized mean difference in studies comparing metformin and control groups. Results are divided into long and short follow-up periods. For long follow-up, the subtotal mean difference is -0.21 with a confidence interval of -0.39 to -0.03. For short follow-up, it's -0.76 with a confidence interval of -1.52 to 0.01. The overall effect shows a total mean difference of -0.47 with a 95% confidence interval of -0.84 to -0.11, indicating significant heterogeneity and overall effect. Squares and diamonds depict individual study weights and confidence intervals.]

FIGURE 4
 Follow-up time on the knee pain.




3.6 The influence of research type on the results

Two RCT experiments were analyzed, and the results were statistically significant with moderate heterogeneity (SMD: −1.11; 95% CI: −1.60, −0.61; p < 0.0001, I2 = 43%). In the two prospective studies, the results did not suggest statistical significance (SMD: −0.06; 95% CI: −0.30, 0.18; p = 0.62, I2 = 0%), subgroup difference test: χ2 = 13.84, df = 2 (p = 0.0010), I2 = 85.6%, suggesting that the inhibitory effect of metformin on pain varies in different types of studies, which may be related to the experimental design protocol. Moreover, cohort studies are not as strict in controlling variables as RCTS. The details are shown in Figure 5.

[image: Forest plot displaying the standardized mean difference between Metformin and control groups across various studies. RCT shows significant effects favoring Metformin with a mean difference of -1.11. Prospective and retrospective studies show negligible mean differences of -0.06 and -0.28, respectively. The overall effect size is -0.47 with a confidence interval from -0.84 to -0.11. Heterogeneity is evident with I-squared values up to 86 percent.]

FIGURE 5
 Research type on the results.





4 Discussion

Metformin, as one of the most common hypoglycemic drugs. It has been shown to mitigate inflammation by metformin attenuates the migration of M1 macrophages to the chondrocytes in vitro, and diminishes the infiltration of M1 macrophages in OA synovial tissues, thereby potentially reducing joint inflammation associated with OA progression (19). Another study shows that metformin can promote autophagy in cells and enhance normal mitochondrial function, eliminate aging-related proteins and damaged organelles, improve the function of T cells, reduce the release of inflammatory factors (such as Th17-related cytokines), and delay age-related inflammation (20). Furthermore, in animal experiments, metformin in the mouse OA model enhances the mitochondrial autophagy mediated by PINK1/Parkin by activating SIRT3. This process clears damaged mitochondria, reduces oxidative stress and inflammation, and thereby protects chondrocytes (21). Therefore, supported by a variety of preclinical studies, in order to determine its clinical efficacy, we performed the latest systematic review and pooled analysis of 6 comparative studies including 4,628 patients, and our results revealed several important findings.

First, due to the different pain score scales in the outcome indicators, we used SMD for analysis and because of the excessive heterogeneity, a random effects model was adopted. The analysis results of knee joint pain showed that the pain score of the metformin use group decreased significantly compared with the control group. However, this might be due to the selection bias caused by the fact that all the people included in the study were overweight (BMI ≥ 25). Although there is no definite conclusion on the effect of metformin on body weight to date, many studies have still found that metformin can moderately reduce body weight, especially among the diabetic population, metformin is believed to have a positive impact on weight loss (22, 23). In addition, Obese people have a higher risk of KOA. Some studies have shown that weight loss may help prevent the occurrence of symptomatic diseases and relieve existing symptoms (24, 25). This can prove that due to the weight loss effect of metformin on overweight people, the incidence of KOA has been reduced. There is currently no data to support whether metformin can play the same role in people with normal weight.

Second, analyses of the follow-up time of the disease course for patients with KOA can prove that the pain-suppressing effect produced by metformin in long-term application is better than that in short-term use. This might be because patients who use it for a long time lose weight more significantly, and due to the patients’ self-management and treatment, the progression of arthritis can be delayed. However, after comprehensive analysis, the heterogeneity of the results is too high. So, we conducted subgroup analyses for different research types, the results suggest that RCTS studies have moderate heterogeneity (I2 = 43%), while the heterogeneity of prospective studies is 0. Considering comprehensively, the difference in research types and the length of the follow-up period may be the main source of heterogeneity.

Third, some studies suggest that in the diabetic population, the use of metformin can reduce the risk of developing OA and decrease the possibility of knee replacement (6, 26). Therefore, we considered whether it could also play a role in the general population and conducted a summary analysis. An analysis was conducted on 4,430 patients in three studies that included the outcome measure of TKA. The results suggested that the use of metformin could reduce the risk of joint replacement (RR = 0.65; 95% CI: 0.54, 0.77; p < 0.00001; I2 = 89%). By conducting a detailed analysis of these three studies one by one, it can be found that when the study of Lu 2018 (15) was excluded, the heterogeneity was significantly reduced (Figure 3B) (I2 = 0), this study can explain most of the sources of heterogeneity. An analysis of this article reveals that the included population encompasses not only KOA but also hip arthritis. Therefore, it can also explain why there is high heterogeneity.

Our study provided evidence-based medicine evidence through meta-analysis that compared the knee pain and TKA occurring of metformin use and non-use in patients with OA. However, we must acknowledge several limitations of the present study. Primarily, there were only six studies included in our pooled analysis, and among them, there are only two RCTS. Most studies included in retrospective or prospective cohort items were included without proper confounders control. Furthermore, significant heterogeneity was observed in outcomes. Although we have attempted to explain the source of heterogeneity, we still cannot determine its true source. As a result, considering the potential influence of such uncontrolled confounders, the results should be interpreted with caution. Secondly, although we intended to include the entire population in the analysis, we found that all the study subjects were individuals with high BMI. This limits the generalizability of the research results.

Despite these limitations, our study has several notable advantages. We completed the latest meta-analysis, confirming the efficacy of metformin in KOA, especially significantly reducing knee pain levels in overweight and obese patients with a high BMI. However, due to the lack of high-quality articles included, the application of this meta-analysis has been affected. Therefore, in order to further determine the therapeutic effect of metformin on KOA, more strictly designed, large-scale, long-term follow-up randomized controlled trials are needed.



5 Conclusion

Overall, the latest systematic review and meta-analysis indicate that metformin has potential therapeutic effects in KOA, offering benefits in pain relief, improved joint function, and potentially slowing the progression of the disease, especially among those with a high BMI population. However, researchers also pointed out that the current clinical evidence is insufficient, and more high-quality, large-sample, and long-follow-up clinical studies are needed to confirm these findings and better understand the optimal dose and treatment duration. Furthermore, the potential mechanisms by which metformin plays a role in KOA require further research to guide the development of more targeted and effective treatment strategies.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

XG: Writing – review & editing, Writing – original draft. HX: Writing – original draft. YL: Writing – review & editing, Software. JH: Methodology, Writing – review & editing. HT: Writing – original draft, Data curation. LM: Writing – original draft. YX: Writing – review & editing, Writing – original draft. YT: Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported in part by the following grants: the National Natural Science Foundation of China (Grant No. 82470923) to YT, the Applied Basic Research Program of Liaoning Province (Grant No. 2022JH2/101500050) to YT, the Basic Scientific Research Projects of Liaoning Provincial Department of Education (Grant No. LJKMZ20221164) to YT, the 345 Talent Project of Shengjing Hospital of China Medical University to YT.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1652732/full#supplementary-material



References
	 1. Katz,JN, Arant,KR, and Loeser,RF. Diagnosis and treatment of hip and knee osteoarthritis: a review. JAMA. (2021) 325:568–78. doi: 10.1001/jama.2020.22171 
	 2. Jevsevar,DS, Brown,GA, Jones,DL, Matzkin,EG, Manner,PA, Mooar,P , et al. The American Academy of Orthopaedic surgeons evidence-based guideline on: treatment of osteoarthritis of the knee, 2nd edition. J Bone Joint Surg Am. (2013) 95:1885–6. doi: 10.2106/00004623-201310160-00010 
	 3. Chen,S, Gan,D, Lin,S, Zhong,Y, Chen,M, Zou,X , et al. Metformin in aging and aging-related diseases: clinical applications and relevant mechanisms. Theranostics. (2022) 12:2722–40. doi: 10.7150/thno.71360 
	 4. Feng,X, Pan,J, Li,J, Zeng,C, Qi,W, Shao,Y , et al. Metformin attenuates cartilage degeneration in an experimental osteoarthritis model by regulating AMPK/mTOR. Aging. (2020) 12:1087–103. doi: 10.18632/aging.102635 
	 5. Na,HS, Kwon,JY, Lee,SY, Lee,SH, Lee,AR, Woo,JS , et al. Metformin attenuates monosodium-iodoacetate-induced osteoarthritis via regulation of pain mediators and the autophagy-lysosomal pathway. Cells. (2021) 10:681. doi: 10.3390/cells10030681 
	 6. Baker,MC, Sheth,K, Liu,Y, Lu,D, Lu,R, and Robinson,WH. Development of osteoarthritis in adults with type 2 diabetes treated with metformin vs a sulfonylurea. JAMA Netw Open. (2023) 6:e233646. doi: 10.1001/jamanetworkopen.2023.3646 
	 7. Lim,Y, Wang,Y, Estee,M, Abidi,J, Udaya Kumar,M, Hussain,SM , et al. Metformin as a potential disease-modifying drug in osteoarthritis: a systematic review of pre-clinical and human studies. Ann Rheum Dis. (2022) 81:888. doi: 10.1136/annrheumdis-2022-eular.2205
	 8. Page,MJ, McKenzie,JE, Bossuyt,PM, Boutron,I, Hoffmann,TC, Mulrow,CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71
	 9. Hozo,SP, Djulbegovic,B, and Hozo,I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5:13. doi: 10.1186/1471-2288-5-13 
	 10. Wan,X, Wang,W, Liu,J, and Tong,T. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol. (2014) 14:135. doi: 10.1186/1471-2288-14-135 
	 11. Stang,A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–5. doi: 10.1007/s10654-010-9491-z 
	 12. Lunny,C, Thirugnanasampanthar,SS, Kanji,S, Ferri,N, Pieper,D, Whitelaw,S , et al. How can clinicians choose between conflicting and discordant systematic reviews? A replication study of the Jadad algorithm. BMC Med Res Methodol. (2022) 22:276. doi: 10.1186/s12874-022-01750-2 
	 13. Wang,Y, Hussain,SM, Wluka,AE, Lim,YZ, Abram,F, Pelletier,JP , et al. Association between metformin use and disease progression in obese people with knee osteoarthritis: data from the osteoarthritis initiative - a prospective cohort study. Arthritis Res Ther. (2019) 21:127. doi: 10.1186/s13075-019-1915-x 
	 14. Halabitska,I, Petakh,P, and Kamyshnyi,O. Metformin as a disease-modifying therapy in osteoarthritis: bridging metabolism and joint health. Front Pharmacol. (2025) 16:1567544. doi: 10.3389/fphar.2025.1567544 
	 15. Lu,CH, Chung,CH, Lee,CH, Hsieh,CH, Hung,YJ, Lin,FH , et al. Combination COX-2 inhibitor and metformin attenuate rate of joint replacement in osteoarthritis with diabetes: a nationwide, retrospective, matched-cohort study in Taiwan. PLoS One. (2018) 13:e0191242. doi: 10.1371/journal.pone.0191242
	 16. Chen,S, Ruan,G, Zeng,M, Chen,T, Cao,P, Zhang,Y , et al. Association between metformin use and risk of Total knee arthroplasty and degree of knee pain in knee osteoarthritis patients with diabetes and/or obesity: a retrospective study. J Clin Med. (2022) 11:4796. doi: 10.3390/jcm11164796
	 17. Aiad,AAE, El-Haggar,SM, El-Barbary,AM, and El-Afify,DR. Metformin as adjuvant therapy in obese knee osteoarthritis patients. Inflammopharmacology. (2024) 32:2349–59. doi: 10.1007/s10787-024-01495-y 
	 18. Alimoradi,N, Tahami,M, Firouzabadi,N, Haem,E, and Ramezani,A. Metformin attenuates symptoms of osteoarthritis: role of genetic diversity of Bcl 2 and CXCL16 in OA. Arthritis Res Ther. (2023) 25:35. doi: 10.1186/s13075-023-03025-7 
	 19. Zheng,M, Zhu,Y, Wei,K, Pu,H, Peng,R, Xiao,J , et al. Metformin attenuates the inflammatory response via the regulation of synovial M1 macrophage in osteoarthritis. Int J Mol Sci. (2023) 24:5355. doi: 10.3390/ijms24065355
	 20. Bharath,LP, Agrawal,M, McCambridge,G, Nicholas,DA, Hasturk,H, Liu,J , et al. Metformin enhances autophagy and normalizes mitochondrial function to alleviate aging-associated inflammation. Cell Metab. (2020) 32:44–55.e6. doi: 10.1016/j.cmet.2020.04.015 
	 21. Wang,C, Yang,Y, Zhang,Y, Liu,J, Yao,Z, and Zhang,C. Protective effects of metformin against osteoarthritis through upregulation of SIRT3-mediated PINK1/Parkin-dependent mitophagy in primary chondrocytes. Biosci Trends. (2019) 12:605–12. doi: 10.5582/bst.2018.01263 
	 22. Stumvoll,M, Nurjhan,N, Perriello,G, Dailey,G, and Gerich,JE. Metabolic effects of metformin in non-insulin-dependent diabetes mellitus. N Engl J Med. (1995) 333:550–4. doi: 10.1056/NEJM199508313330903 
	 23. Sirtori,CR, Castiglione,S, and Pavanello,C. Metformin: from diabetes to cancer to prolongation of life. Pharmacol Res. (2024) 208:107367. doi: 10.1016/j.phrs.2024.107367 
	 24. Felson,DT. Relation of obesity and of vocational and avocational risk factors to osteoarthritis. J Rheumatol. (2005) 32:1133–5.
	 25. Collins,AT, Kulvaranon,ML, Cutcliffe,HC, Utturkar,GM, Smith,WAR, Spritzer,CE , et al. Obesity alters the in vivo mechanical response and biochemical properties of cartilage as measured by MRI. Arthritis Res Ther. (2018) 20:232. doi: 10.1186/s13075-018-1727-4 
	 26. Lai,FTT, Yip,BHK, Hunter,DJ, Rabago,DP, Mallen,CD, Yeoh,EK , et al. Metformin use and the risk of total knee replacement among diabetic patients: a propensity-score-matched retrospective cohort study. Sci Rep. (2022) 12:11571. doi: 10.1038/s41598-022-15871-7 


Copyright
 © 2025 Guo, Xie, Liu, Hou, Tan, Miao, Xu and Tian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1652732-g005.jpg
Std. Mean Difference

IV, Random, 95% C1

Metfors Control Std. Mean Difference
Study or Subaroup __ Mean SD Total Mean  SD Total Weight IV,Random, 95% Cl
344RCT
Alimoradi 2023 <158 189517 44 13 19 44 192%  -080(134,-046]
Aiad 2024 -432 18246 25 -172 17929 25 148%  -1.41(204,-079]
Subtotal (95% C1) 69 69 34.1%  -1.11[-1.60,-061]

Heterogeneity: Tau®= 0.06; Chi*=1.75, df=1 (P = 0.19), F= 43%
Testfor overall effect Z= 4.37 (P < 0.0001)

3.1.2 Prospective

Wang 2019 09 41998 56 -06 37997 762 231%
Halabitska 2025 A 14815 34 -1 19333 26 17.5%
Subtotal (95% CI) 90 788 40.6%
Heterogeneity: Tau®= 0.00; Chi*= 0.07, df=1 (P = 0.79); F= 0%

Testfor overall effect Z= 0.50 (P = 0.62)

3.1.3 Retrospective

Chen 2022 16 19 362 21 17 346 254%
Subtotal (95% CI) 362 346 254%
Heterogeneity: Not applicable

Testfor overall effect: Z= 3.66 (P = 0.0002)

Total (95% CI) 521 1203 100.0%
Heterogeneity: Tau®= 0.13; Chi*= 23.30, df= 4 (P = 0.0001); = 83%
Testfor overall effect Z= 252 (P = 0.01)
Testfor subaroun differences’ Chi*= 13 84 df= 2

0010Y = 85 A%

-0.08(0.35,0.19)
0.00 (051, 0.51)
-0.06[-0.30, 0.18]

-0.28[0.42,-0.13)

-028[-0.42,-0.13]

047[-0.84,-0.11]

-

Metformin - Control

-
>
-
——
-2 -1 0 1





OPS/images/fmed-12-1652732-g003.jpg
A

Metformin Control Risk Ratio Risk Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen 2022 20 362 72 346 250% 027[017,043 — *
Lu2018 124 968 314 1936 71.0%  0.79[0.65,0.96) E
Wang 2018 3 56 88 762 41% 046([0.151.42) —
Total (95% CI) 1386 3044 100.0%  0.65[0.54,0.77] >
Total events. 147 474
Heterogeneity: Chi*= 18.08, df= 2 (P = 0.0001); F=89% 02 05 1 3
Test for overall effect: Z= 4.94 (P < 0.00001) Metformin  Control
B
Metformin Control Risk Ratio Risk Ratio
udy or Subgrou otal Tot: i M-H, Fixed, 95% CI| M-H, Fixed, 95% CI
Chen 2022 20 362 72 346 859%  0.27([0.17,043] _._
Lu2018 124 968 314 1936 00%  0.79(0.65,0.96]
Wang 2018 3 56 88 762 141% 046([015142) — [
Total (95% CI) 418 1108 100.0%  0.29[0.19, 0.45] -
Total events. 3 160
Heterogeneity: Chi*= 082, df=1 (P = 0.37), F= 0% 02 05 1 3

Testfor overall effect: Z= 5.53 (P < 0.00001)

Metformin Control





OPS/images/fmed-12-1652732-g004.jpg
Metformin Control

oL M Tots
4.1.1 Long follow-up period
Chen 2022 16 19 32 21 17 36 254%
Wang 2019 -09 41998 56 -06 37997 762 231%
Subtotal (95% CI) 418 1108 48.4%
Heterogeneity: Taw?= 0.01; ChP= 158, df= 1 (P = 0.21); F= 37%
Testfor overall effect 2= 2.27 (P = 0.02)
4.1.2 Short follow-up period
Aiad 2024 437 18246 25 172 17920 25 149%
Alimoradi 2023 4159 189517 44 13 19 44 192%
Halabitska 2025 -1 14815 34 -1 1.9333 26 175%
Subtotal (95% CI) 103 95 516%
Heterogeneity: Taw"= 0.39; Chi*= 13.02, df= 2 (P = 0.001); = 85%
Testfor overall effect Z= 1.94 (P = 0.05)
Total (95% CI) 521 100.0%

Heterogeneity: Ta
Testfor overall effect Z=2.52 (P = 0.01)
Test for subaroun differences: Chi*=1.85. df=1 (P=0.17). I

=4 (P=0.0001);

Std. Mean Difference
IV, Random, 9!

-0.2810.42,-0.13]
-0.08 £0.35, 0.19)
-0.21[-0.39, -0.03]

“1.41[2.04,-0.79)
-0.90 [1.34,-0.46]

0.00-051,051]
0.76[-1.52,0.01]

-0.47[:0.84,-0.11]

Std. Mean Difference

d 1
o
g
-
2 R 0 1

Metformin  Control





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effect of metformin in clinical studies on knee osteoarthritis: an updated systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Search strategy



		2.2 Inclusion and exclusion criteria



		2.3 Data extraction



		2.4 Quality assessment



		2.5 Statistical analysis









		3 Results



		3.1 Literature search and study characteristics



		3.2 Quality assessment



		3.3 Effect on knee pain



		3.4 Effect on total knee arthroplasty



		3.5 The influence of follow-up time on the knee pain



		3.6 The influence of research type on the results









		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fmed-12-1652732-g001.jpg
Records identified from:

1. Pubmed (n =233)
2. Embase (n =704)
3. Web of Science (n=184)

Records removed before screening:

Duplicate records removed (n = 251)

Records excluded after review of titles and/or

abstracts with reasons (n=851):
1. Not related to the topic
Records screened 2. Replies and comments
(n =870) 3. Reviews, meta-analyses and Case reports
4. Non-clinical studies
5. Non-English studies
Reports sought for retrieval Reports not retrieved(n =5 ):
(n=19) 1. Studies without sufficient data (n=4)
2. Studies with hip OA (n=1)
Reports assessed for eligibility
(n=14)

Reports excluded (n=8):
1. Participants without OA (n =5 )
2. Metformin is not an exposure (n = 2)
3. Same data from the same author (n = 1)

Studies included in review
(n=6)






OPS/images/fmed-12-1652732-g002.jpg
A

Metformin control Std. Mean Difference Std. Mean Difference

_Study or Subgroup _Mean ___SD Total Mean __SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Wang 2019 09 41998 56 -06 37997 762 231%  -0.08[0.35,0.19] —

Halabitska 2025 A 14815 34 -1 19333 26 175% 0.00 (051, 0.51) =

Chen 2022 16 19 362 21 17 346 254%  -0.28(042,-013) il

Alimoradi 2023 159 189517 44 13 19 44 192%  -090[1.34,-0.46] =

Aad 2024 432 18246 25 -1.72 17929 25 149%  -1.41[204,-0.79 —

Total (95% CI) 521 1203 100.0%  -0.47[-084,-0.1]

Heterogeneity. Tau*= 0.13; Chi*= 23.30, df= 4 (P = 0.0001); F= 83%
Testfor overall effect Z= 252 (P = 0.01)

SEENO)

o;

01

0z

03

o

Egger's test=0.373

swo

os-

MetforminControl





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

The effect of metformin in clinical
studies on knee osteoarthritis: an
updated systematic review and
meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






