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Background: Diabetic kidney disease (DKD) combined with hyperuricemia (HUA) constitutes a pathological state of vicious cycle, where diabetic microvascular complications affect the kidneys and interact with persistent hyperuricemia. This condition significantly accelerates the progression of renal failure and increases all-cause mortality.

Objective: This study aims to systematically evaluate the clinical efficacy and safety of febuxostat in treating patients with DKD and HUA via a meta-analysis, thereby providing evidence-based guidance for optimizing clinical medication.

Methods: Following the PICOS principle, we systematically searched for randomized controlled trials (RCTs) on febuxostat for treating DKD combined with HUA, covering the period from the establishment of each database to June 26, 2025. Studies meeting the inclusion criteria were selected, and a meta-analysis was performed using Review Manager 5.4 software.

Results: A total of 17 RCTs were included, involving 1,300 patients (treatment group n=647, control group n = 653). The results of the meta-analysis showed that the overall effective rate of the febuxostat treatment group was significantly higher than that of the control group (RR = 1.24, 95%CI: 1.17–1.32; Z = 7.17, P < 0.001). In addition, febuxostat significantly reduced serum uric acid (SUA), urinary albumin-to-creatinine ratio (UACR), serum creatinine (Scr), and blood urea nitrogen (BUN) levels, and improved the estimated glomerular filtration rate (eGFR) (P < 0.001 for all indicators).

Conclusion: This meta-analysis indicates that febuxostat, when used to treat patients with DKD and HUA, can significantly enhance overall clinical effectiveness and effectively improve key renal function indicators—including SUA, UACR, Scr, BUN, and eGFR. The results of this study showed that when febuxostat is used to treat patients with diabetic nephropathy complicated by hyperuricemia, it achieves a higher overall clinical response rate. It can significantly reduce the levels of SUA, UACR, Scr, and BUN in patients, while improving the eGFR. Additionally, the incidence of adverse reactions associated with febuxostat is lower, suggesting that this drug exhibits favorable clinical safety.

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

With the continuous rise in the global prevalence of diabetes, DKD has become one of the most severe and common microvascular complications of diabetes and is the leading cause of end-stage renal disease (ESRD) (1). The pathophysiological mechanisms of DKD are complex, involving multiple factors such as hemodynamic changes, metabolic disorders, oxidative stress, inflammatory responses, and fibrosis (2). Effectively delaying the progression of DKD and reducing the risk of ESRD and cardiovascular complications are important challenges currently faced in clinical practice (3).

In recent years, an increasing number of clinical and basic studies have suggested that HUA plays a significant role in the occurrence and development of DKD (4). Elevated blood uric acid levels are not only closely related to insulin resistance and metabolic syndrome and are considered an important risk factor for the development of diabetes; more importantly, uric acid, as an important endogenous “damage-associated molecular pattern” (DAMP), can induce renal tubular epithelial cell damage, activate the local renin-angiotensin system (RAS) in the kidneys, promote oxidative stress and the release of pro-inflammatory factors (such as IL-1β, TNF-α), and exacerbate renal inflammatory infiltration and tissue fibrosis (5). A large amount of epidemiological evidence has shown that elevated serum uric acid levels are an independent risk factor for renal function decline and adverse renal outcomes in patients with DKD. Therefore, actively intervening in HUA may provide a new target for DKD management (6).

Febuxostat, a selective xanthine oxidase inhibitor, has gained increasing clinical application due to its strong efficacy in lowering uric acid levels and better tolerability in patients with impaired renal function compared to allopurinol (especially because of its non-renal-dependent excretion) (7). Basic research has shown that in addition to effectively reducing uric acid, febuxostat also has potential anti-inflammatory, antioxidant, and endothelial function-improving effects. Some clinical studies have observed that febuxostat can slow the decline in renal function and reduce proteinuria in patients with DKD and HUA, suggesting its possible renal-protective effects. However, the existing clinical evidence mainly comes from individual RCTs, and the results are not entirely consistent (8). While some studies have observed significant renal benefits, others have suggested that it is controversial or has no obvious advantages in terms of renal function impact (9). This heterogeneity in study results stems from a variety of factors, including differences in sample size, baseline characteristics of the study subjects (such as DKD stage, baseline uric acid levels, concomitant medications), duration of treatment, and evaluation indicators of therapeutic effects.

In order to evaluate more comprehensively and objectively the exact efficacy and safety of febuxostat treatment for patients with hyperuricemia complicated with diabetic nephropathy, especially its impact on key indicators such as renal function, such as estimated glomerular filtration rate eGFR, serum creatinine, proteinuria such as urinary albumin/creatinine ratio UACR, and adverse renal events, there is an urgent need to conduct systematic integration and quantitative analysis of the existing RCTs (10). To this end, this study plans to strictly screen and include relevant high-quality randomized controlled trials through the methods of “Systematic Review” and “meta-analysis”, aiming to explore the following core issues: ① Efficacy evaluation: To evaluate the efficacy of febuxostat treatment in delaying the deterioration of renal function (eGFR decline rate, creatinine level) in patients with hyperuricemia complicated with diabetic nephropathy compared with placebo or other active control drugs (such as allopurinol); Clarify its effect on reducing proteinuria (UACR). ② Safety considerations: Evaluate the safety and tolerability of febuxostat treatment in this specific population, with a focus on analyzing the incidence of adverse reactions related to deterioration of renal function. ③ Evidence integration: Integrate the best existing evidence and assess its extent of supporting the therapeutic value of febuxostat in the management of such patients. The findings of this study will provide clinicians with a higher-level evidence-based medical basis for formulating individualized uric acid-lowering treatment plans for patients with diabetic nephropathy complicated with hyperuricemia.



2 Data and methods

This study has been registered with PROSPERO (International Prospective Register of Systematic Reviews) with the study number CRD420251081616. This meta-analysis was conducted strictly in accordance with the PRISMA guidelines. A comprehensive search was performed in Pubmed, Mediline, Web of Science, Embase, Chinese Biomedical Literature Database (CBM), China National Knowledge Infrastructure (CNKI), Chinese Science Journal Database (VIP), and Wanfang Database up to June 26, 2025. The specific search strategies are shown in Supplementary material 1. There were no language restrictions. The retrieved literature was manually screened to identify potentially eligible studies.


2.1 Inclusion criteria
 
2.1.1 Research design

Included in publicly published RCTs. There are no restrictions on the language of publication, country, time or trial stage.



2.1.2 Research subjects

Inclusion criteria:

Type 2 diabetes mellitus (T2DM): meets the diagnostic criteria of the “Chinese Guidelines for the Prevention and T2DM (2020 Edition)”. DKD: meets the diagnostic criteria of the “Clinical Guidelines for the Prevention and Treatment of Diabetic Kidney Diseases in China”. Hyperuricemia (HUA): diagnosed based on relevant clinical diagnostic criteria. Selected patients: clearly diagnosed with DKD combined with HUA(DKD+HUA). Age: no limit. Gender and race: no restrictions. Disease staging: The DKD staging is limited to 3–4 stages and eGFR≥30 mL·min−1·(1.73 m2)−1.



2.1.3 Intervention measures

Treatment group: On the basis of conventional basic treatment, combined with oral Febuxostat at a dose of 40 mg/day for a course of 6 months.

Control group: Only received the same conventional basic treatment as the treatment group, with a treatment course of 6 months.



2.1.4 Outcome indicators

Main indicators: Total effective rate, incidence of adverse reactions.

Secondary indicators: Serum uric acid (SUA), urine albumin-to-creatinine ratio (UACR), serum creatinine (Scr), estimated glomerular filtration rate (eGFR), blood urea nitrogen (BUN).




2.2 Exclusion criteria

RCTs that meet any of the following conditions will be excluded: ① The study design does not conform to the RCT criteria or the clinical efficacy evaluation criteria. ② Repeatedly published research. ③ Intervention measures include traditional Chinese medicine, acupuncture or other drugs used in combination with febuxostat (only for the comparison of basic treatment + febuxostat vs. basic treatment). ④ No relevant outcome measures of concern in this study were reported. ⑤ The full text cannot be obtained. ⑥ The data contains obvious errors, omissions or incompleteness.



2.3 Search strategy

Databases: A systematic search was conducted in PubMed, Mediline, Embase, Web of Science, Sinomed, China National Knowledge Infrastructure (CNKI), WANFANG DATA, and VIP. The search spanned from the inception of each database to June 26, 2025. There were no restrictions on the year of publication or language.

Search Terms: The search strategy combined subject headings (MeSH/Emtree) with free-text terms. Core search terms included: Diabetic Nephropathies, Diabetic Kidney Disease, Hyperuricemia, Gout, Febuxostat, Uloric (the trade name of Febuxostat, randomized controlled trial, etc.). The search queries were constructed using Boolean logic operators (AND, OR, NOT) to combine these terms.



2.4 Data extraction

Literature Management: EndNote X21 (Clarivate Analytics, USA) was used to manage the search results and remove duplicate articles. Screening Process: Two researchers (Minghao Lin and Hui Zhang) independently screened the literature. Initially, articles were excluded based on titles and abstracts if they were clearly irrelevant (such as reviews, animal experiments, non-RCT studies). Subsequently, the full texts of the remaining articles were obtained and read to determine the final included studies. Disagreements during the screening process were resolved through discussion or consultation with a third researcher (Yujuan Fu). Data Extraction: A standardized data extraction form was designed using Microsoft Excel (Microsoft, USA). The two aforementioned researchers independently extracted the following information from the included studies.

Basic Study Information: First author, year of publication. Characteristics of Study Participants: Sample size of each group, gender distribution, mean age/age range, disease duration. Details of Interventions: Specific treatment regimens for the treatment and control groups (medication, dosage, duration). Outcome Data: Overall efficacy rate (the criteria for judging the efficacy of DKD referred to “The Standardization of Syndrome Differentiation and Efficacy Evaluation Scheme for Diabetic Nephropathy and Its Research”. Significant effect: UACR decreased by ≥50% compared to before treatment; Effective: UACR decreased by 30% to < 50% compared to before treatment; Ineffective: UACR did not meet the above standards or increased instead). Incidence of adverse reactions. Serum uric acid (SUA). Urinary albumin-to-creatinine ratio (UACR). Serum creatinine (Scr). Estimated glomerular filtration rate (eGFR). Blood urea nitrogen (BUN).

Disagreement Resolution: Inconsistencies during the data extraction process were resolved through double-checking the original articles or consulting a third researcher to reach a consensus.



2.5 Quality assessment of literature

The risk of bias in the included studies was assessed using the Cochrane Risk of Bias 2.0 tool (RoB 2.0). The assessment covered the following core domains: random sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of outcome assessment (detection bias); completeness of outcome data (attrition bias); selective reporting (reporting bias). Other potential sources of bias: each study was independently rated as “low risk,” “high risk,” or “unclear risk.” Two researchers (Minghao Lin and Hui Zhang) independently completed the assessment, with disagreements resolved through arbitration by a third researcher (Yujuan Fu).



2.6 Assessment of heterogeneity

Inter-study heterogeneity was quantified using the I2 statistic and the Cochrane Q test (significance level α = 0.10): low heterogeneity (fixed-effect model applicable): I2 ≤ 50% and P > 0.10; high heterogeneity (random-effects model applicable): I2 > 50% or P ≤ 0.10.



2.7 Statistical analysis

All analyses were conducted using RevMan 5.4 (Cochrane Collaboration). For dichotomous variables (such as overall efficacy rate and incidence of adverse reactions), the risk ratio (RR) and 95% confidence interval (CI) were calculated. For continuous variables (such as SUA and Scr), the weighted mean difference (WMD) or standardized mean difference (SMD) and 95% CI were calculated (depending on the consistency of the measurement scales). The combined effect size was tested using the Z-test (P < 0.05 was considered statistically significant). The model selection was based on the heterogeneity results from Section 2.6, choosing either a fixed-effect or random-effects model.



2.8 Assessment of publication bias

When the number of included studies was ≥10: funnel plots were used for visual assessment of small-study effects. If significant bias was detected, the trim-and-fill method was used to correct the combined effect size.




3 Meta-analysis results


3.1 Literature search

A total of 17 RCTs (11–26) were finally included (total sample size n = 1,300; 647 in the treatment group and 653 in the control group). All studies used febuxostat as the intervention drug. The literature search process is shown in Figure 1, and the basic information of the included studies is presented in Table 1.


[image: Flowchart depicting the identification and screening process for studies via databases and registers. Initially, 136 records are identified from various databases. Then, 76 duplicates and 12 ineligible records are removed. Out of 48 screened records, 15 are excluded. 33 reports are sought for retrieval, 7 are not retrieved. 26 reports are assessed for eligibility, with 9 excluded for reasons such as title mismatch and incomplete data. Finally, 17 studies are included in the review.]
FIGURE 1
 Flow diagram.


TABLE 1 Basic study information.


	ID
	Author
	Sample size
	Sex (M/F)
	Age (ẋ ±s)
	Age range
	Time (ẋ ±s)Year
	Intervention measure
	dosage/per
	Course



	
	
	T
	C
	T
	C
	T
	C
	T
	C
	T
	C
	T
	C
	T
	





	1
	Wei Qiaoyan 2021
	32
	32
	15/17
	14/18
	52.9 ± 8.5
	52.4 ± 8.4
	-
	-
	7.4 ± 2.3
	7.8 ± 2.5
	RT+FEB
	RT
	40 mg
	24w



	2
	Ma Yanlu 2023
	30
	30
	16/14
	15/15
	46.1 ± 6.0
	45.2 ± 6.0
	29–64
	30–63
	-
	-
	RT+FEB
	RT
	40 mg
	24w



	3
	Liu Dan 2018
	30
	30
	18/12
	17/13
	46.3 ± 8.4
	49.6 ± 7.8
	–
	–
	5.8 ± 3.2
	5.2 ± 2.4
	RT+FEB
	RT
	40 mg
	24w



	4
	Li Yanli 2020
	40
	40
	25/15
	29/11
	55.10 ± 0.18
	52.12 ± 0.21
	32–72
	23–75
	-
	-
	RT+FEB
	RT
	40mg
	24w



	5
	Zhu Qizhi 2022
	30
	30
	17/13
	16/14
	56.2 ± 9.6
	56.1 ± 9.5
	35–66
	34–65
	-
	-
	RT+FEB
	RT
	40 mg
	24w



	6
	Miao Yan 2019
	54
	58
	29/25
	29/29
	57.2 ± 10.2
	56.3 ± 9.7
	32–70
	34–67
	8.6 ± 1.8
	9.1 ± 1.5
	RT+FEB
	RT
	40 mg
	24w



	7
	Huang Wen 2020
	18
	20
	16/2
	17/3
	58.73 ± 11.50
	-
	–
	–
	11.78 ± 5.71
	12.10 ± 5.69
	RT+FEB
	RT
	40 mg
	24w



	8
	Sun Xin 2019
	16
	16
	9/7
	10/6
	51.3 ± 10.5
	51.4 ± 10.6
	36–69
	37–70
	2.5 ± 1.3
	2.4 ± 1.1
	RT+FEB
	RT
	40 mg
	24w



	9
	Sun Yanchun 2023
	100
	100
	52/48
	54/46
	54.95 ± 1.68
	54.37 ± 1.46
	46–65
	45–63
	4.09 ± 1.15
	4.37 ± 1.28
	RT+FEB
	RT
	40 mg
	24w



	10
	Wei Beibei 2020
	45
	45
	24/21
	23/22
	49.89 ± 7.58
	49.67 ± 7.65
	35–74
	33–72
	9.12 ± 1.41
	8.62 ± 1.34
	RT+FEB
	RT
	40 mg
	24w



	11
	Meng Xiangxue 2020
	48
	48
	44/4
	46/2
	64.56 ± 3.70
	64.40 ± 3.71
	–
	–
	7.19 ± 1.48
	7.15 ± 1.29
	RT+FEB
	RT
	40 mg
	24w



	12
	Zhao Haitao 2022
	40
	40
	18/22
	17/23
	57.68 ± 6.87
	57.57 ± 5.74
	32–71
	32–72
	16.34 ± 6.37
	16.46 ± 6.51
	RT+FEB
	RT
	40 mg
	24w



	13
	Zhong Zhenhui 2019
	25
	25
	16/9
	15/10
	54.0 ± 15.0
	56.5 ± 15.5
	39–72
	41–72
	5.5 ± 2.5
	6.0 ± 2.0
	RT+FEB
	RT
	40 mg
	24w



	14
	Zuo Weihui 2022
	45
	45
	26/19
	25/20
	43.64 ± 5.02
	43.23 ± 5.63
	42–70
	43–68
	5.41 ± 1.72
	5.28 ± 1.69
	RT+FEB
	RT
	40 mg
	24w



	15
	Fang Zhiqun 2020
	25
	25
	15/10
	17/8
	48.02 ± 11.33
	47.52 ± 12.31
	24–84
	23–81
	-
	-
	RT+FEB
	RT
	40 mg
	24w



	16
	Jing Xiaona 2020
	44
	44
	22/22
	21/23
	56.51 ± 5.35
	55.50 ± 5.40
	42–71
	41–70
	9.01 ± 2.05
	8.01 ± 2.01
	RT+FEB
	RT
	40 mg
	24w



	17
	Ding Zhengqing 2019
	25
	25
	15/10
	14/11
	54.2 ± 3.58
	53.4 ± 3.65
	44–67
	42–49
	-
	-
	RT+FEB
	RT
	40 mg
	24w



There were 17 studies that were included in this meta-analysis.

T, Treatment (group); C, Control (group); RT, Routine treatment (group); FEB, Febuxostat (group).





3.2 Quality assessment of literature

Assessed using the Cochrane RoB 2.0 tool. Random sequence generation: All 17 studies used a random number table method (low risk); Allocation concealment: Only 1 study explicitly described the method (low risk), while the rest did not mention it (unclear risk); Blinding of outcome assessors: None of the studies reported this (unclear risk); Completeness of outcome data: 12 studies had no dropouts/withdrawals (low risk); Selective reporting: 12 studies fully reported the pre-specified outcomes (low risk); Other biases: 12 studies did not explicitly state (low risk). As is shown in Figures 2, 3.


[image: Bar chart showing bias risk assessment across eight categories. It uses green for low risk, yellow for unclear risk, and red for high risk. Most categories show green or yellow, with no red. Labels: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other biases.]
FIGURE 2
 Risk of bias graph.



[image: A table assessing biases in various studies from 2018 to 2023. Rows show authors and years, while columns indicate types of bias: selection, performance, detection, attrition, reporting, and other. Green circles with plus signs indicate low risk, yellow circles with question marks indicate unclear risk. Most cells display green circles, suggesting low bias.]
FIGURE 3
 Risk of bias summary.




3.3 Meta-analysis
 
3.3.1 Heterogeneity analysis

Heterogeneity of efficacy rate was tested among the ten selected studies. The test results showed that the I2statistic was 0%, and the P-value of the Q test was 1.00, which is significantly higher than the threshold of 0.1. This indicates that there was no significant statistical heterogeneity among the selected studies. Therefore, it was appropriate to use a fixed-effect model for analysis. The combined results of these ten studies showed a RR=1.24, with 95%CI [1.17, 1.32], which was statistically significant. The Z statistic was 7.17, with a P-value of 0.00001, < 0.05, indicating that febuxostat treatment for DKD+HUA was significantly more effective than the control group. For detailed information, please refer to the forest plot in the Appendix. For detailed information, please refer to the forest plot in the Appendix (Figure 4). Heterogeneity of adverse reactions was assessed among the five selected studies. The results indicated that the I2statistic was 0%, and the P-value of the Q test was 0.69. This suggests that there was no significant statistical heterogeneity among the included studies. Therefore, it was appropriate to use a fixed-effect model for analysis. The combined data from these five studies yielded a summary RR=0.33, with 95% CI[0.19,0.58], which was statistically significant. The specific manifestations of adverse reactions in the studies included rash, diarrhea, fever, renal function abnormalities, and liver function abnormalities. For detailed information, please refer to the accompanying forest plot. For detailed information, please refer to the forest plot in the Appendix (Figure 5). A comprehensive assessment of SUA was conducted across 12 articles. During the heterogeneity analysis, the I2value was as high as 80%, significantly exceeding the critical value of 50%, and the p-value of the Q test was < 0.01. This indicates that there was significant statistical heterogeneity among the included studies. Given this, it is particularly necessary to further explore the sources of heterogeneity. Through sensitivity analysis, we found that the studies Zuo et al. (15) and Wen et al. (11) contributed significantly to the heterogeneity. After excluding these two studies, the heterogeneity among the remaining 10 articles was significantly reduced, with an I2value of 0% and a p-value of 0.65, which exceeded the significance level of 0.1. Based on this result, this study decided to use a fixed-effect model for the meta-analysis. The combined effect size from these 10 studies was MD = −64.31, with a 95% CI [−68.71, −59.91], which was statistically significant (Z = 28.63, P < 0.00001). For detailed information, please refer to the forest plot in the Appendix (Figure 6). A comprehensive assessment of the UACR was conducted across seven studies. During the heterogeneity analysis, the I2statistic reached 83%, significantly exceeding the critical value of 50%, and the p-value of the Q test was < 0.01, indicating significant statistical heterogeneity among the included studies. Given this, it is necessary to further explore the sources of heterogeneity. Through sensitivity analysis, we found that the study published by Meng et al. (25) in 2020 contributed significantly to the heterogeneity. After excluding this study, the heterogeneity analysis of the remaining 6 studies showed that the I2value decreased to 18%, with a p-value of 0.30, which is higher than the significance level of 0.1. Based on this result, this study decided to use a fixed-effect model for the meta-analysis. The combined data from these 6 studies yielded a MD = −72.08, with a 95%CI [−78.20, −65.96], which was statistically significant. The Z value was 23.09, with P < 0.00001, indicating that febuxostat treatment for DKD+HUA was more effective in reducing UACR than the control group. For detailed information, please refer to the forest plot in the Appendix (Figure 7). A comprehensive assessment of Scr levels was conducted across 10 articles. During the heterogeneity analysis, the I2statistic was 64%, indicating moderate heterogeneity among the studies. Therefore, a random-effects model was chosen for the meta-analysis. The combined data from these 10 studies yielded a MD = −19.24, with a 95%CI [−20.87, −17.61], which was statistically significant (Z = 23.07, P < 0.00001). This indicates that febuxostat treatment for DKD+HUA is more effective in reducing Scr levels compared to the control group. For detailed information, please refer to the forest plot in the Appendix (Figure 8). An assessment of the eGFR data was conducted across the four included studies. During the heterogeneity analysis, the I2statistic was 30%, indicating low heterogeneity among the studies. Therefore, a fixed-effect model was chosen for the meta-analysis. The combined data from these 4 studies yielded a MD = 11.51, with a 95% CI [9.38, 13.64], which was statistically significant. The Z value was 10.57, with a P < 0.00001, indicating that febuxostat treatment for DKD+HUA is significantly more effective in improving eGFR compared to the control group. For detailed information, please refer to the forest plot in the Appendix (Figure 9). A comprehensive assessment of BUN levels was conducted across five relevant articles. During the heterogeneity analysis, the I2statistic was 0%, indicating homogeneity among the included studies. Therefore, a fixed-effect model was chosen for the meta-analysis. The combined data from these five studies yielded a MD = −2.21, with a 95% CI [−2.26, −2.16], which was statistically significant. The Z value was 82.49, with a P < 0.00001, indicating that febuxostat treatment for DKD+HUA is significantly more effective in reducing BUN levels compared to the control group. For detailed information, please refer to the forest plot in the Appendix (Figure 10).


[image: Forest plot illustrating the risk ratio of various studies. Each study is listed with its experimental and control events, total sample size, weight, and risk ratio with confidence intervals. The diamond shape at the bottom represents the overall effect estimate, showing a risk ratio of 1.24 with a confidence interval of 1.17 to 1.32. Heterogeneity is indicated by a Chi-square of 4.53 and I-squared of zero percent. The plot shows a significant overall effect with a Z-value of 7.17 and a P-value of less than 0.00001.]
FIGURE 4
 Forest plot of efficacy rate.



[image: Funnel plot showing standard error of log relative risk versus relative risk. Points are distributed within a symmetrical triangular area, suggesting symmetrical variance with most points near the top center.]
FIGURE 5
 Forest plot of adverse reactions.



[image: Forest plot displaying the meta-analysis of five studies comparing experimental and control groups. Each study is represented with its risk ratio and confidence interval. The overall effect is shown as a diamond shape, indicating a risk ratio of 0.33 with a 95% confidence interval of 0.19 to 0.58, favoring the experimental group. Heterogeneity is low with I² = 0%.]
FIGURE 6
 Forest plot of SUA.



[image: Forest plot displaying a meta-analysis comparing experimental and control groups across ten studies. Each study shows mean differences with confidence intervals, depicted as horizontal lines with squares on a central line. The summary effect size is indicated by a diamond shape, with an overall mean difference of -64.31. Heterogeneity is minimal with I² = 0%.]
FIGURE 7
 Forest plot of UACR.



[image: Funnel plot displaying standard error of the mean difference (SE(MD)) against mean difference (MD). Open circles represent individual studies, with a symmetrical funnel shape formed by dashed lines converging at the top. No significant publication bias is evident.]
FIGURE 8
 Forest plot of Scr.



[image: Forest plot showing a meta-analysis of six studies comparing experimental and control groups. The plot displays mean differences with 95% confidence intervals. Each horizontal line represents a study, with a diamond at the bottom summarizing the overall effect size. The mean difference columns show negative values, indicating a favor toward the experimental group. Heterogeneity is low, with an I-squared of 18 percent. The test for overall effect is statistically significant with a Z-score of 23.09 (P < 0.00001).]
FIGURE 9
 Funnel plot of eGFR.



[image: Forest plot showing the mean differences between experimental and control groups across ten studies. Each study is represented by a square, with size indicating weight, and horizontal lines showing confidence intervals. Most results favor the experimental group, with a total mean difference of -19.41. The overall effect is statistically significant.]
FIGURE 10
 Funnel plot of BUN.




3.3.2 Assessment of publication bias

To assess potential publication bias in this study, a funnel plot of efficacy Rate was used as an analytical tool. The symmetry of the funnel plot is a key indicator for judging the presence of publication bias. By observing the funnel plot presented, it can be clearly seen that the included studies in this research show good symmetry on the funnel plot. Based on this, it can be concluded that there is no publication bias in the literature of this study. For detailed information, please refer to the funnel plot in the Appendix (Figure 11). Observing the funnel plot of SUA, it can be seen that it basically shows a symmetrical distribution. Based on this, it can be inferred that there is no publication bias in the included studies of this research. For detailed information, please refer to the funnel plot in the Appendix (Figure 12). By observing the funnel plot of Scr shown in the figure below, it can be seen that it basically shows a symmetrical distribution. Based on this, it can be judged that there is no significant publication bias in the included studies of this research. For detailed information, please refer to the funnel plot in the Appendix (Figure 13).


[image: Funnel plot depicting standard error of mean difference (SE(MD)) against mean difference (MD). The plot features scattered circular data points within two dashed triangular boundaries, indicating potential publication bias. The vertical axis ranges from zero to twenty, and the horizontal axis spans from negative one hundred to one hundred.]
FIGURE 11
 Funnel plot of efficacy rate.



[image: Forest plot showing the mean difference between experimental and control groups for four studies. Each study lists its mean, standard deviation, and total for both groups. Summary results show a mean difference of 11.51, with a confidence interval of 9.38 to 13.64. The diamond shape indicates the overall effect on the plot, favoring the experimental group. Heterogeneity is low, with an I² of 30%.]
FIGURE 12
 Forest plot of SUA.



[image: Forest plot showing a meta-analysis of five studies comparing experimental and control groups. Each study lists mean differences with 95% confidence intervals, indicated by markers on the plot. The overall mean difference is -2.21, favoring the experimental group over the control. Heterogeneity test shows Chi-squared equals 2.05 with no significant variation among studies (I-squared equals 0 percent). The test for overall effect is significant with a Z-score of 82.49.]
FIGURE 13
 Funnel plot of Scr.






4 Discussion

This systematic review and meta-analysis integrated 17 randomized controlled trials involving 1,300 patients with hyperuricemia and diabetic kidney disease to explore the impact of febuxostat on this patient population. The results demonstrated that febuxostat significantly reduced serum uric acid levels and improved renal function-related indicators, such as lowering serum creatinine and increasing the eGFR, while also reducing proteinuria. These findings indicate that febuxostat plays a significant role in renal protection in the treatment of hyperuricemia and diabetic kidney disease, offering a new option and robust evidence-based support for clinical therapy. Compared with previous studies, this review not only focused on the control of serum uric acid by febuxostat but also emphasized the assessment of its impact on key indicators of diabetic kidney disease, such as renal function and proteinuria. Previous research has mostly concentrated on patients with gout or isolated hyperuricemia, with relatively few studies on the specific population of hyperuricemia combined with diabetic kidney disease. This review fills this gap, providing clinicians with more targeted references when treating patients with hyperuricemia and diabetic kidney disease.

Hyperuricemia is a common comorbidity of diabetic kidney disease, and the two conditions interact with each other to form a vicious cycle (27). Hyperuricemia can lead to renal damage through various mechanisms, such as the deposition of urate crystals, oxidative stress, and inflammatory responses, thereby accelerating the progression of DKD (28). Conversely, the impaired renal excretory function in patients with diabetic kidney disease can further elevate serum uric acid levels. Therefore, effectively controlling serum uric acid levels is crucial for slowing the progression of diabetic kidney disease.

At present, the commonly used uric acid–lowering drugs in clinical practice include allopurinol and benzbromarone. However, the application of these drugs in patients with hyperuricemia and diabetic kidney disease has certain limitations. Allopurinol may cause severe allergic reactions, especially in Asian populations; benzbromarone may increase the renal burden and is restricted for use in patients with renal insufficiency. Febuxostat, as a novel uric acid–lowering drug, reduces serum uric acid levels by inhibiting the activity of xanthine oxidase and has good safety and tolerability (29). However, there are currently few studies on the application of febuxostat in patients with hyperuricemia and diabetic kidney disease, and its exact efficacy and safety still need to be further clarified (30).

Based on the above background, the results of this paper have important clinical significance. Febuxostat reduces uric acid production from the source by precisely inhibiting xanthine oxidase, significantly lowering the level of SUA (31). This effect directly alleviates the multiple damages of hyperuricemia to the kidneys: ① It reduces the deposition of urate crystals, alleviates the inflammatory response and oxidative stress of the kidneys, thereby reducing UACR (32); ② Repair the endothelial function of renal vessels, improve renal blood flow and microcirculation, and increase eGFR; ③ Inhibit the process of renal interstitial fibrosis, reduce the metabolic burden on the kidneys, and promote the excretion of Scr and BUN. In patients with diabetic nephropathy complicated with hyperuricemia, febuxostat can not only effectively control uric acid and delay the progression of kidney disease, but also help restore or stabilize renal function through multiple pathways of kidney protection (anti-inflammation, anti-fibrosis, improved blood flow and antioxidation) (33). The total effective rate of its treatment is significant, which can reduce the risk of gout attacks and improve the quality of life and survival rate of patients. In addition, the drug has good safety. When used properly, the risks of liver, kidney and cardiovascular diseases are controllable, which is conducive to patients' long-term adherence to treatment and is a key choice for comprehensive management. This provides clinicians with a new and more effective treatment option when treating patients with hyperuricemia and diabetic nephropathy. Furthermore, the results of this paper also provide a direction for future clinical research and drug development, which is conducive to further exploring the application value of febuxostat in this field. This study has certain limitations. For instance, the follow-up duration of some included studies is limited, which may fail to capture very long-term cardiovascular events. Additionally, due to the constraints of original data, a more in-depth subgroup analysis based on whether patients have comorbid heart failure could not be conducted. However, studies have confirmed that febuxostat even exhibits cardioprotective and cerebroprotective effects in patients with comorbid diabetes and chronic kidney disease (34). The current controversy regarding its cardiovascular safety may stem from the heterogeneity of study populations; for example, in patients with chronic heart failure, this drug has been shown to pose potential risks (35). Furthermore, the dosage of the drug is also a key factor. The latest evidence indicates that low-dose febuxostat can not only effectively lower uric acid but also improve vascular function with good safety (36). Therefore, the cardioprotective and cerebroprotective effects of febuxostat should be comprehensively evaluated based on patients' specific comorbidities (such as whether they have comorbid heart failure) and the treatment dosage.



5 Conclusion

This thesis, through systematic review and meta-analysis, addresses the efficacy and safety of febuxostat in patients with hyperuricemia and diabetic kidney disease. The results indicate that febuxostat significantly reduces serum uric acid levels, improves renal function, and decreases proteinuria, demonstrating substantial renal–protective effects. Despite certain limitations, this study provides clinicians with important reference information when treating patients with hyperuricemia and diabetic kidney disease, aiding in guiding clinical practice and enhancing therapeutic outcomes. Future research should focus on conducting large-scale, high-quality clinical studies to clarify the long-term efficacy and safety of febuxostat, thereby offering more reliable evidence for the treatment of this disease.



6 Limitation

Although this study comprehensively assessed the application of febuxostat in hyperuricemia and diabetic kidney disease through systematic review and meta-analysis, several limitations remain. First, the sample sizes of the included studies were relatively small, and the quality of some studies could be improved, potentially introducing bias. Second, the follow-up periods of the studies were relatively short, which may not be sufficient for evaluating the long-term efficacy and safety of febuxostat. Additionally, this study was based on published literature, which may be subject to publication bias. Lastly, differences in patient baseline characteristics, treatment regimens, and evaluation indicators across studies may affect the accuracy and reliability of the results. Clearly specify the distribution ranges of eGFR included in the study and the exclusion criteria; Objectively present the combined effect size differences among different eGFR subgroups (Parazacco spilurus subsp. spilurus), highlighting the limitations of evidence for weakened protective effects when eGFR < 30; Explain the differences between this study and clinical routine medication populations (Homo sapiens) (Parazacco spilurus subsp. spilurus), as well as the necessity of conducting future RCTs targeting end-stage renal disease patients to strengthen the evidence chain. The findings of this study only reflect the impact of febuxostat on short-term surrogate markers of renal injury and cannot represent its effects on long-term renal outcomes (such as ESKD, mortality). Future large-sample RCTs with follow-up periods ≥1 year are needed, using hard endpoints as the core evaluation indicators, to further validate its clinical value.
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