
1

Vol.:(0123456789)

Scientific Reports |         (2024) 14:7457  | https://doi.org/10.1038/s41598-024-57813-5

www.nature.com/scientificreports

Serum uric acid level is associated 
with glomerular ischemic 
lesions in patients with primary 
membranous nephropathy: 
an analytical, cross‑sectional study
Yamin Yu 1, Juan Zheng 2, Jie Li 3, Xiuzhen Li 3, Zewei Liu 3, Ruiheng Yang 3, Hong Hong 3 & 
Junjun Zhang 1*

To investigate the relationship between serum uric acid level and glomerular ischemic lesions (GIL) in 
patients with primary membranous nephropathy (PMN) and identify relevant risk factors. A total of 
201 patients with PMN but normal renal function confirmed by renal biopsy executed in the Liaocheng 
People’s Hospital, China, during January 2020‑January 2023 were analyzed retrospectively. The 
enrolled patients were divided into a hyperuricemia group and a normal serum uric acid group (control 
group) according to their serum uric acid levels. Then, the participants were further divided into a 
non‑GIL group or a GIL group based on the patient’s renal biopsy results. The two groups’ clinical and 
pathological data and meaningful indicators for differences were analyzed by binary logistic regression 
analysis. Additionally, the serum uric acid level prediction value on GIL was investigated using receiver 
operating characteristic (ROC) curves. Compared with the control group, the hyperuricemia group 
exhibited high serum uric acid, the prevalence of GIL, serum albumin, the prevalence of hypertension, 
and low‑density lipoprotein cholesterol (LDL) levels (P < 0.05). Compared with the non‑GIL group, 
the GIL group exhibited were older, had enhanced serum uric acid, serum albumin, and an increased 
prevalence of tubular atrophy/interstitial fibrosis (TA/IF), arteriolosclerosis, and low eGFR levels 
(P < 0.05). The binary logistic regression analysis revealed that the serum uric acid and the TA/IF are 
independent risk factors of GIL (P < 0.05). The AUC of ROC of GIL of PMN patients, predicted based on 
the serum uric acid concentration, was 0.736 (P < 0.05), wherein the threshold = 426.5 μmol/L and the 
Youden’s index = 0.41. Serum uric acid concentration and the TA/IF are independent risk factors of GIL 
in patients with PMN, and the former exhibits prediction value on GIL in patients with PMN.

Membranous nephropathy (MN) is a group of diseases characterized by the deposition of immune complexes 
under epithelial cells on the outer side of the glomerular basement membrane (GBM), with diffuse thickening 
of  GBM1. MN can be divided into primary and secondary forms, and those with unknown causes are referred to 
as primary membranous nephropathy (PMN). PMN is a common primary nephrotic syndrome observed in the 
middle-aged and elderly. Recently, there has been a significant increase in MN cases in younger patients in China, 
with approximately 30% of these progressing to end-stage renal disease after several  years2,3. Renal ischemia plays 
an essential role in the development of chronic renal disease. Specifically, research has shown that long-term 
hypoxia–ischemia leads to atrophy of the nephron, decline of glomerular filtration function, and aggravation 
of renal  injury4. It is widely known that hyperuricemia is closely related to cardiovascular and cerebrovascular 
 diseases5,6. However, whether hyperuricemia aggravates ischemic renal disease remains unknown. The previous 
studies have demonstrated a significantly higher incidence of glomerular ischemic lesions in IgA nephropathy 
patients with hyperuricemia compared to those with normal uric acid levels, and there is an independent cor-
relation between the elevation of serum uric acid levels and the development of glomerular ischemic disease. 
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These findings suggest that hyperuricemia may contribute to the occurrence of glomerular ischemic lesions in 
IgA  nephropathy7. However, the impact of uric acid levels on the occurrence of ischemic lesions in primary 
membranous nephropathy has been scarcely investigated. Since hyperuricemia is usually secondary to chronic 
renal insufficiency, only patients with typical glomerular filtration rates were assessed in the current study to avoid 
confounding factors. This study aimed to assess the clinical and pathological data of PMN patients to investigate 
the relationship between the level of serum uric acid and glomerular ischemic lesions (GIL) in patients with 
PMN with normal renal function.

Subjects and method
Subjects and inclusion criteria
From January 2020 to January 2023, 265 cases of MN who received renal biopsies in Liaocheng People’s Hospital 
were assessed. The inclusion criteria were: (a) a renal biopsy diagnosis confirming typical PMN; (b) glomerular 
filtration rate (eGFR) > 90ml/(min.1.73m2) at the time of renal biopsy; and (c) availability of complete clinical, 
pathological, and laboratory data. The exclusion criteria were as follows: (a) individuals with a glomerulus count 
of less than 10 in renal tissues under light microscopy in the selected samples; (b) biopsy-confirmed cases of 
atypical MN; (c) those with secondary MN, such as MN caused by infections (e.g., hepatitis B virus and hepatitis 
C virus), malignancies (e.g., solid tumors and multiple myeloma), drugs (non-steroidal anti-inflammatory drugs), 
or autoimmune diseases (systemic lupus erythematosus); (d) patients who had taken medications affecting uric 
acid metabolism within the past month: uric acid-lowering drugs including febuxostat, allopurinol, and ben-
zbromarone; diuretics including furosemide, bumetanide, hydrochlorothiazide, and torasemide; immunosup-
pressants including cyclosporine, tacrolimus, glucocorticoids; quinolone antibiotics including ofloxacin and 
moxifloxacin; acarbose; SGLT-2 inhibitors such as empagliflozin and canagliflozin; fenofibrate; atorvastatin; 
losartan; (e) individuals with an eGFR less than 90 mL/(min.1.73m2); (f) individuals with MN combined with 
other pathological types; (g) along with patients having incomplete clinicopathological data. Based on these 
exclusion criteria, 64 patients were excluded, resulting in 201 cases of PMN being assessed. The study protocol 
was approved by the Ethics Committee of Liaocheng People’s Hospital. All methods were carried out in accord-
ance with relevant guidelines and regulations (e.g. Helsinki guidelines).

Methods
Clinical data
Clinical data and laboratory indicators were collected from patients during a renal biopsy, including age, sex, 
serum creatinine (Scr), glomerular filtration rate (eGFR), serum uric acid level (UA), hemoglobin (Hb), red 
blood cell (RBC) count, white blood cell (WBC) count, platelet (PLT) count, total cholesterol (TC), triglyceride 
(TG), low-density lipoprotein (LDL), serum albumin (Alb), urinary RBC, and 24 h urine protein quantitation, 
serum anti-PLA2R antibody (anti-PLA2R).

Grouping
Next, the participants were divided into the normal serum uric acid group (control group) and the hyperurice-
mia group according to the serum uric acid level. The diagnostic criteria of hyperuricemia was > 420 μmol/L for 
male, and > 357 μmol/L for females. Next, the renal biopsy results divided the patients into the non-glomerular 
ischemic lesion (GIL) or GIL groups. The evaluation criteria for GIL encompassed the identification of glomeru-
lar ischemic sclerosis, ischemic atrophy, or ischemic shrinkage through renal biopsy analysis.

Statistical analysis
Statistical analysis was conducted using IBM SPSS Statistics for Windows, version 27.0 (IBMCorp., Armonk, N.Y., 
USA, www. ibm. com/ spss). All continuous data were assessed for normality using the Kolmogorov–Smirnov test. 
Normally distributed data between the two groups were compared by t-test and expressed as mean ± SD ( x ± s). 
Non-normally distributed data were compared using the Mann–Whitney U test, and the data were expressed 
as a median and interquartile range [M (Q1, Q3)]. Categorical variables were expressed as frequency or per-
centage and were compared using the χ2 test. Binary Logistic regression analysis investigated the independent 
risk factors contributing to GIL. Receiver operating characteristic (ROC) curves were used to investigate the 
sensitivity and specificity of PMN patients’ GIL serum uric acid levels. A P-value of < 0.05 was used to indicate 
statistical significance.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Liaocheng People’s Hospital. Since this was a retrospec-
tive study and all data was anonymous, informed consent was waived by the Ethics Committee of Liaocheng 
People’s Hospital.

Results
Comparison of clinical data between the control and the hyperuricemia groups
There were 146 cases in the control group, constituting 89 males and 57 females, aged an average of 48.97 ± 11.57 
years (14–73 years). The average serum uric acid level was 326.57 ± 59.19 μmol/L. There were 55 cases in the 
hyperuricemia group, of which 37 were males, and 18 were females, and the age ranged from 26 to 71, averaging 
50.09 ± 9.79 years. The serum uric acid level was 459.16 ± 41.15 μmol/L. In this study, the prevalence of hyper-
uricemia was 27.4% (55/201), and the sex, age, hemoglobin, serum creatinine, eGFR, proteinuria (g/24 h), total 
cholesterol, and triglyceride of the two groups were similar. In contrast, the serum uric acid level, the prevalence 
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of GIL, serum albumin, the prevalence of hypertension, and LDL of the hyperuricemia group were significantly 
higher than those of the control group (P < 0.05) (Table 1).

Comparison of pathological data of the GIL group and the non‑GIL group
There were 125 cases in the non-GIL group, consisting of 73 males and 52 females. The age range varied from 
14 to 70 years, averaging 47.74 ± 11.39 years. Conversely, the GIL group included 76 cases comprising 53 males 
and 23 females. The age range in this group spanned 24 to 73 years, and the average age was 51.80 ± 10.19 years. 
In this study, the prevalence of GIL was 37.8% (76/201). Anti-PLA2R antibodies were detected in 70.15% of the 
patients included in this study. Herein, sex, hemoglobin, white blood cell count, platelet count, serum creatinine, 
TC, TG, LDL, urinary RBC, proteinuria (g/24 h), anti-PLA2R, the prevalence of hypertension, prevalence of 
glomerular sclerosis, prevalence of segmental glomerulosclerosis, and prevalence of arteriolar hyalinosis were 
similar between the two groups. However, in the GIL group age, serum uric acid level, serum albumin, the preva-
lence of renal tubular atrophy/interstitial fibrosis, and prevalence of arteriolosclerosis was significantly higher 
in the GIL group than the non-GIL group (P < 0.05). Additionally, the eGFR was significantly lower in the GIL 
group than in the non-GIL group (P < 0.05) (Table 2).

Analysis of risk factors for glomerular ischemic lesions
Based on the univariate analysis, the binary logistic regression analysis was conducted on the six variables (i.e., 
age, serum uric acid level, eGFR, serum albumin, TA/IF, and the presence of arteriolosclerosis) with significance 
in the univariate analysis. The results showed that the serum uric acid level and TA/IF were independent risk 
factors in GIL (P < 0.05) (Table 3).

Serum uric acid level predicts GIL
Finally, the effect of serum uric acid level on the GIL of PMN patients was determined by diagnostic ROC curves. 
The results showed that the AUC of serum uric acid level predicting GIL of PMN patients was 0.736 (P < 0.05) 
(Fig. 1). Its critical value and Youden’s index were 426.5 μmol/L and 0.41, respectively. Moreover, the sensitivity 
of predicting GIL was 47.4%, and the specificity was 93.6%, suggesting that serum uric acid levels greater than 
426.5 μmol/L showed an essential value in predicting GIL.

Discussion
Recently, the number of MN patients in China has significantly increased, with a younger onset age and some 
patients gradually progressing to end-stage kidney disease after only several  years2. Exploring the risk factors of 
MN onset and timely intervention is crucial; however, there are limited studies on MN with GIL. Most research 
on ischemic renal diseases focuses on ischemic nephropathy caused by renal artery stenosis. The pathogenesis 
of ischemic renal diseases may be related to the decrease in renal blood perfusion exceeding the threshold 
of self-compensation, causing corresponding renal tubular damage, shrinkage of glomerular capillary loops, 
glomerulosclerosis, and gradual renal  atrophy8. Our study found that the prevalence of GIL in MN was not 

Table 1.  Comparison of clinical data between the control group and the hyperuricemia group [n (%), x ± s, M 
(Q1, Q3)].

Clinical factor Control Group (n = 146) Hyperuricemia Group (n = 55) t/χ2/Z P-value

Sex

 M 89 (61.0) 37 (67.3) 0.681 0.409

 F 57 (39.0) 18 (32.7)

Age (years old) 48.97 ± 11.57 50.09 ± 9.79 − 0.636 0.526

Serum uric acid level (μmol/L) 326.57 ± 59.19 459.16 ± 41.15 − 17.92  < 0.001

Glomerular ischemic lesion

 Yes 38 (26.0) 38 (69.1)
31.51  < 0.001

 No 108 (74.0) 17 (30.9)

Hemoglobin (g/L) 135.70 ± 15.95 136.08 ± 15.66 − 0.150 0.081

Serum albumin (g/L) 23.71 ± 5.48 26.49 ± 5.40 − 3.215 0.002

Serum creatinine (μmol/L) 65.62 ± 13.87 67.82 ± 12.91 − 1.021 0.308

eGFR [ mL/(min.1.73m2)] 107.32 ± 10.49 105.20 ± 9.36 1.309 0.192

Proteinuria (g/24 h) 5.437 (3.465, 7.954) 5.092 (3.125, 7.543) − 0.937 0.349

Hypertension

Yes 59 (40.7) 33 (60.0) 5.986 0.014

No 86 (59.3) 22 (40.0)

TC (mmol/L) 6.93 (5.65, 8.67) 7.76 (6.22, 9.40) − 1.844 0.065

TG (mmol/L) 1.95 (1.49, 2.62) 2.1 (1.43, 2.97) − 0.976 0.329

LDL (mmol/L) 4.57 (3.51, 5.76) 5.29 (3.72, 6.78) − 2.262 0.024
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low (37.8%), and there is increasing evidence that glomerular ischemic lesions play an important role in the 
progression of kidney  disease9–11.

Hyperuricemia is a part of metabolic syndrome, and the prevalence shows an increasing trend. The prevalence 
of hyperuricemia in this study was 27.4%, slightly lower than that observed in another single-center study in the 
same province of  China12. This difference might be related to recruiting PMN patients with normal renal func-
tion and excluding patients with secondary hyperuricemia. Epidemiology shows that not only is hyperuricemia 
an independent risk factor for cardiovascular and cerebrovascular events, but it is also a high-risk factor for the 

Table 2.  Clinical and pathological data of the GIL group and the non-GIL group [n (%), x ± s, M (Q1, Q3)].

Item GIL Group (n = 76) Non-GIL Group (n = 125) t/χ2/Z value P-value

Sex

 M 53 (69.7) 73 (58.4)
2.597 0.107

 F 23 (30.3) 52 (41.6)

Age 51.80 ± 10.19 47.74 ± 11.39 2.548 0.012

Hypertension

 Yes 41 (53.9) 51 (40.8)
3.291 0.07

 No 35 (46.1) 74 (59.2)

Serum uric acid level (μmol/L) 403.69 ± 79.64 338.02 ± 70.84 6.007  < 0.001

Serum creatinine (μmol/L) 67.04 ± 13.03 64.36 ± 13.13 1.408 0.161

eGFR [mL/(min.1.73m2)] 104.97 ± 8.83 108.83 ± 10.76 − 2.636 0.009

Hemoglobin (g/L) 135.02 ± 15.28 136.29 ± 16.21 − 0.550 0.583

WBC (×  109/L) 6.37 (5.325, 7.975) 6.34 (5.04, 7.29) − 0.746 0.46

PLT (×  109/L) 242 (211, 290) 251 (209, 300) − 0.018 0.986

Serum albumin (g/L) 25.67 ± 5.39 23.75 ± 5.60 2.362 0.019

Proteinuria (g/24 h) 5.246 (3.094, 7.534) 5.384 (3.501, 8.147) -0.633 0.527

Blood urine (/μL) 27.92 (16.85, 65.225) 35.6 (19.2, 74.4) − 1.2 0.23

TC (mmol/L) 7.24 (6.045, 8.475) 7.17 (5.62, 9.23) − 0.345 0.73

TG (mmol/L) 2.03 (1.485, 2.77) 1.95 (1.44, 2.62) − 0.784 0.433

LDL (mmol/L) 4.97 (3.915, 6.095) 4.63 (3.45, 5.98) − 0.577 0.564

anti-PLA2R(RU/ml) 38.09(17.95,74.14) 31.47(5.33,97.48) − 1.043 0.297

Glomerular sclerosis

 No 51 (67.1) 93 (74.4)
1.238 0.266

 Yes 25 (32.9) 32 (25.6)

Glomerular segmental sclerosis

 No 69 (90.8) 107 (85.6) 1.169 0.28

 Yes 7 (9.2) 18 (14.4)

Renal tubular atrophy/interstitial fibrosis

 No 8 (10.5) 50 (40.0)
20.0  < 0.001

 Yes 68 (89.5) 75 (60.0)

Arteriolar hyalinosis

 No 42(55.3%) 84(67.2%)
2.897 0.09

 Yes 34(44.7%) 41(32.8%)

Arteriolosclerosis

 No 53(69.7%) 105(84.0%)
5.718 0.017

 Yes 23(30.3%) 20(16.0%)

Table 3.  Binary Logistic regression analysis of risk factors of GIL.

Item B-value SD Wald Odds ratio 95% CI P-value

Age 0.012 0.020 0.340 1.012 0.932 ~ 1.016 0.560

Serum uric acid level 0.012 0.003 20.490 1.012 1.007 ~ 1.017  < 0.001

eGFR -0.027 0.022 1.555 0.973 0.932 ~ 1.016 0.212

Serum albumin 0.045 0.032 1.907 1.046 0.981 ~ 1.114 0.167

TA/IF 1.632 0.461 12.553 5.116 2.074 ~ 12.620  < 0.001

Arteriolosclerosis 0.322 0.414 0.602 1.379 0.612 ~ 3.108 0.438
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progression of chronic kidney disease (CKD)13,14. Previous studies have demonstrated that serum uric acid serves 
as an independent risk factor for the progression of IgAN, with a more pronounced impact observed among 
females compared to  males15,16. Higher uric acid levels may also contribute to developing global and new renal 
damage in patients with lupus independently of other known risk  factors17,18. Additionally, the latest research 
shows that hyperuricemia contributes to nephrosclerosis with ischemia and  hyperfiltration19. Our study found 
that the prevalence of hypertension and LDL in the hyperuricemia group was significantly higher than those 
in the control group (P < 0.05), which was consistent with previous  studies20,21. Additionally, we noted that the 
serum albumin in the hyperuricemia group was higher than that of the control group, which might be related 
to the richer diet of hyperuricemia patients on the premise that there was no significant difference between the 
two groups in urine protein quantitation. Hyperuricemia can lead to vasoconstriction and endothelial dysfunc-
tion; however, it remains unknown whether hyperuricemia causes GIL. In this study, the prevalence of GIL in 
the hyperuricemia group (69.1%) was significantly higher than in the control group (26.0%), suggesting that 
hyperuricemia might increase the risk of GIL. The prevalence of arteriosclerosis in the GIL was found to be sig-
nificantly higher than that in the non-GIL according to our study findings. However, subsequent binary logistic 
regression analysis revealed that the arteriosclerosis prevalence did not emerge as an independent risk factor for 
glomerular ischemia. Although we rigorously selected PMN patients with normal renal function, the estimated 
glomerular filtration rate (eGFR) of the GIL group, as determined by univariate analysis, was significantly lower 
compared to that in the non-GIL group. However, subsequent multivariate logistic regression analysis revealed 
that the association between eGFR and GIL in this study was not statistically significant, suggesting that the 
decline in eGFR did not substantially impact the statistical outcomes of this investigation. The aforementioned 
findings may be attributed to the inclusion of patients with normal renal function (eGFR > 90ml/(min.1.73m2), 
thereby minimizing the impact of eGFR in this study.

The accumulation of uric acid in the kidney stimulates the degranulation of mast cells and the release of 
renin to promote the production of Ang II, leading to renal oxidative stress, mitochondrial structural damage, 
and microvascular system  damage22. The presence of hyperuricemia is associated with the activation of both 
plasma renin and intra-kidney angiotensin activities, leading to renal vasoconstriction and potentially inducing 
ischemia in the  kidney23. Furthermore, hyperuricemia causes oxidative stress and inflammation, which leads to 
the impairment of nitric oxide (NO) synthase (NOS) and consequent local vasoconstriction, ultimately leading 
to glomerular  ischemia24. As mechanisms of CKD progression due to hyperuricemia, endothelial dysfunction 
induced by uric acid and activation of the Nod-like receptor protein 3 (NLRP3) inflammasome induced by 
urate crystals have been a focus of  research25,26. Recently, ROS/NLRP3 inflammasome-mediated endothelial 
cell pyroptosis has been reported as the critical mechanism underlying the relationship between hyperuricemia 
and  atherosclerosis27. Previous studies have shown that uric acid can induce the loss of glycocalyx in endothelial 
cells, which may be one of the mechanisms of endothelial dysfunction and kidney  diseases28. The absence of the 
glycocalyx is the earliest sign of endothelial damage, leading to increased vascular permeability and a higher 
risk of intravascular thrombosis, resulting in microcirculation dysfunction, organ ischemia, and organ  injury29. 
Recent studies have demonstrated a consistent association between hyperuricemia and renal damage, which is 
frequently attributed to the presence of insulin resistance (IR). In the context of hyperuricemia, elevated levels 
of uric acid significantly disrupt insulin signaling pathways, thereby diminishing insulin-induced eNOS activa-
tion and expression as well as NO synthesis in endothelial cells. Consequently, this cascade culminates in the 
development of endothelial cell IR, ultimately leading to impaired NO-dependent vasodilation and endothelial 
dysfunction that exacerbate renal  ischemia30.

In the current study, we found that TA/IF was closely related to GIL. A conventional perspective on kidney 
diseases emphasizes the glomerular origin of disease progression, which initiates as glomerulosclerosis and sub-
sequently induces hypoxia in the tubular segments. This leads to further tubular atrophy and interstitial  fibrosis31. 
The latest evidence suggests that tubular interstitial damage may also contribute to an increased extent of glo-
merular  damage32. Tubular interstitial fibrosis can induce tubule-to-glomerulus injury through the mechanism 
of tubuloglomerular crosstalk, thereby accelerating the progression of renal  disease33. In human posttransplant 
kidneys, a follow-up of the development of glomerulosclerosis identified both interstitial fibrosis and tubu-
lar atrophy as independent predictors of subsequent  glomerulosclerosis34. We conducted additional statistical 

Figure 1.  ROC curve highlighting the predictive effect of serum uric acid level on GIL in primary MN patients.
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analysis and categorized the study participants into two groups, namely the IF group and non-IF group, based 
on the results of kidney biopsy. Binary logistic regression analysis was performed on five variables that showed 
significant associations in univariate analysis: age, serum uric acid level, eGFR, serum albumin, and presence of 
arteriolosclerosis. The findings demonstrated that serum uric acid level remained an independent risk factor for 
GIL in the TA/IF group, while both serum uric acid level and eGFR were identified as independent risk factors 
for GIL in the non-TA/IF group. These results provide additional evidence supporting the role of uric acid in 
glomerular ischemia (refer to supplementary materials Tables S1-S2).

This study had several limitations. First, serum uric acid level was only measured once, without long-term 
follow-up data, resulting in some selective biases. Second, unintentional biases may have been introduced due to 
the cross-sectional retrospective design of this study in combination with a relatively small sample size. Multi-
center, large sample, and RCT studies are required for further validation.

In summary, this study included 201 cases of PMN. The prevalence of GIL in the hyperuricemia group was 
higher than in the control group. Multivariate logistic regression analysis indicated that serum uric acid level and 
TA/IF off patients were independent risk factors for GIL. According to the ROC curves, the increase of uric acid 
showed predictive values in predicting GIL. When the serum uric acid level was greater than 426.5 μmol/L, the 
prevalence of GIL also increased. Therefore, clinicians and other medical professionals should focus on control-
ling serum uric acid levels in PMN patients. However, selecting the correct treatment to reduce GIL requires 
long-term follow-up and further research.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.

Received: 19 October 2023; Accepted: 21 March 2024

References
 1. Hua, M. R. et al. Membranous nephropathy: Mechanistic insights and therapeutic perspectives. Int. Immunopharmacol. 120, 

110317. https:// doi. org/ 10. 1016/j. intimp. 2023. 110317 (2023).
 2. Hou, J. H. et al. Changes in the spectrum of kidney diseases: An analysis of 40,759 biopsy-proven cases from 2003 to 2014 in China. 

Kidney Dis. 4, 10–19. https:// doi. org/ 10. 1159/ 00048 4717 (2018).
 3. Ronco, P. et al. Membranous nephropathy. Nat. Rev. Dis. Primers. 7, 69. https:// doi. org/ 10. 1038/ s41572- 021- 00303-z (2021).
 4. Brezgunova, A. A. et al. New experimental model of kidney injury: Photothrombosis-induced kidney ischemia. Biochim. Biophys. 

Acta Mol. Basis Dis. 1869, 166622. https:// doi. org/ 10. 1016/j. bbadis. 2022. 166622 (2023).
 5. Tian, X. et al. Temporal relationship between hyperuricemia and hypertension and its impact on future risk of cardiovascular 

disease. Eur. J. Intern. Med. 111, 82–89. https:// doi. org/ 10. 1016/j. ejim. 2023. 02. 023 (2023).
 6. Antelo-Pais, P. et al. Prevalence of hyperuricemia and its association with cardiovascular risk factors and subclinical target organ 

damage. J. Clin. Med. https:// doi. org/ 10. 3390/ jcm12 010050 (2022).
 7. Fang, B. et al. The relationship between serum uric acid levels and glomerular ischemic lesions in patients with Immunoglobin A 

nephropathy-a analytical cross-sectional study. BMC Nephrol. https:// doi. org/ 10. 1186/ s12882- 022- 02880-x (2022).
 8. Simeoni, M. et al. Atherosclerotic-nephropathy: An updated narrative review. J. Nephrol. 34, 125–136. https:// doi. org/ 10. 1007/ 

s40620- 020- 00733-0 (2021).
 9. Kim, S. R. et al. Progressive cellular senescence mediates renal dysfunction in ischemic nephropathy. J. Am. Soc.Nephrol. 32, 

1987–2004. https:// doi. org/ 10. 1681/ ASN. 20200 91373 (2021).
 10. Denic, A. et al. Changes in glomerular volume, sclerosis, and ischemia at 5 years after kidney transplantation: incidence and cor-

relation with late graft failure. J. Am. Soc. Nephrol. 34, 346–358. https:// doi. org/ 10. 1681/ asn. 20220 40418 (2023).
 11. Xiong, L. et al. What happens to the preserved renal parenchyma after clamped partial nephrectomy?. Eur. Urol. 81, 492–500. 

https:// doi. org/ 10. 1016/j. eururo. 2021. 12. 036 (2022).
 12. Liang, D. et al. Clinicopathological characteristics and associated factors of idiopathic membranous nephropathy with hyperurice-

mia: A single-centered cross-sectional study. Int. Urol. Nephrol. https:// doi. org/ 10. 1007/ s11255- 023- 03523-2 (2023).
 13. Nishizawa, H., Maeda, N. & Shimomura, I. Impact of hyperuricemia on chronic kidney disease and atherosclerotic cardiovascular 

disease. Hypertens. Res. 45, 635–640. https:// doi. org/ 10. 1038/ s41440- 021- 00840-w (2022).
 14. Zhang, Y., Song, R., Hua, Y., Su, X. & Wang, L. Cardiovascular and kidney outcomes of uric acid-lowering therapy in patients with 

different kidney functions: Study protocol for a systematic review, pairwise and network meta-analysis. BMJ Open 13, e059096. 
https:// doi. org/ 10. 1136/ bmjop en- 2021- 059096 (2023).

 15. Choi, W. J. et al. The serum uric acid level is related to the more severe renal histopathology of female iga nephropathy patients. 
J. Clin. Med. https:// doi. org/ 10. 3390/ jcm10 091885 (2021).

 16. Oh, T. R. et al. The effects of hyperuricemia on the prognosis of iga nephropathy are more potent in females. J. Clin. Med. https:// 
doi. org/ 10. 3390/ jcm90 10176 (2020).

 17. Elera-Fitzcarrald, C. et al. Serum uric acid is associated with damage in patients with systemic lupus erythematosus. Lupus Sci. 
Med. https:// doi. org/ 10. 1136/ lupus- 2019- 000366 (2020).

 18. Reátegui-Sokolova, C. et al. Serum uric acid levels contribute to new renal damage in systemic lupus erythematosus patients. Clin. 
Rheumatol. 36, 845–852. https:// doi. org/ 10. 1007/ s10067- 017- 3538-4 (2017).

 19. Sofue, T. Hyperuricemia: the third key player for nephrosclerosis with ischemia. Hypertens. Res. 46, 1707–1709. https:// doi. org/ 
10. 1038/ s41440- 023- 01294-y (2023).

 20. Sanchez-Lozada, L. G. et al. Uric acid and hypertension: An update with recommendations. Am. J. Hypertens. 33, 583–594. https:// 
doi. org/ 10. 1093/ ajh/ hpaa0 44 (2020).

 21. Moriyama, K. Low-density lipoprotein subclasses are associated with serum uric acid levels. Clin. Lab. 64, 1137–1144. https:// doi. 
org/ 10. 7754/ Clin. Lab. 2018. 180108 (2018).

 22. Zhang, M. et al. Uric acid accumulation in the kidney triggers mast cell degranulation and aggravates renal oxidative stress. Toxi-
cology 483, 153387. https:// doi. org/ 10. 1016/j. tox. 2022. 153387 (2023).

 23. Ponticelli, C., Podestà, M. A. & Moroni, G. Hyperuricemia as a trigger of immune response in hypertension and chronic kidney 
disease. Kidney Int. 98, 1149–1159. https:// doi. org/ 10. 1016/j. kint. 2020. 05. 056 (2020).

 24. Podkowińska, A. & Formanowicz, D. Chronic kidney disease as oxidative stress- and inflammatory-mediated cardiovascular 
disease. Antioxidants https:// doi. org/ 10. 3390/ antio x9080 752 (2020).

https://doi.org/10.1016/j.intimp.2023.110317
https://doi.org/10.1159/000484717
https://doi.org/10.1038/s41572-021-00303-z
https://doi.org/10.1016/j.bbadis.2022.166622
https://doi.org/10.1016/j.ejim.2023.02.023
https://doi.org/10.3390/jcm12010050
https://doi.org/10.1186/s12882-022-02880-x
https://doi.org/10.1007/s40620-020-00733-0
https://doi.org/10.1007/s40620-020-00733-0
https://doi.org/10.1681/ASN.2020091373
https://doi.org/10.1681/asn.2022040418
https://doi.org/10.1016/j.eururo.2021.12.036
https://doi.org/10.1007/s11255-023-03523-2
https://doi.org/10.1038/s41440-021-00840-w
https://doi.org/10.1136/bmjopen-2021-059096
https://doi.org/10.3390/jcm10091885
https://doi.org/10.3390/jcm9010176
https://doi.org/10.3390/jcm9010176
https://doi.org/10.1136/lupus-2019-000366
https://doi.org/10.1007/s10067-017-3538-4
https://doi.org/10.1038/s41440-023-01294-y
https://doi.org/10.1038/s41440-023-01294-y
https://doi.org/10.1093/ajh/hpaa044
https://doi.org/10.1093/ajh/hpaa044
https://doi.org/10.7754/Clin.Lab.2018.180108
https://doi.org/10.7754/Clin.Lab.2018.180108
https://doi.org/10.1016/j.tox.2022.153387
https://doi.org/10.1016/j.kint.2020.05.056
https://doi.org/10.3390/antiox9080752


7

Vol.:(0123456789)

Scientific Reports |         (2024) 14:7457  | https://doi.org/10.1038/s41598-024-57813-5

www.nature.com/scientificreports/

 25. Maruhashi, T., Hisatome, I., Kihara, Y. & Higashi, Y. Hyperuricemia and endothelial function: From molecular background to 
clinical perspectives. Atherosclerosis 278, 226–231. https:// doi. org/ 10. 1016/j. ather oscle rosis. 2018. 10. 007 (2018).

 26. Wu, M. et al. Hyperuricemia causes kidney damage by promoting autophagy and NLRP3-mediated inflammation in rats with 
urate oxidase deficiency. Dis. Model Mech. https:// doi. org/ 10. 1242/ dmm. 048041 (2021).

 27. He, B. et al. Hyperuricemia promotes the progression of atherosclerosis by activating endothelial cell pyroptosis via the ROS/
NLRP3 pathway. J. Cell. Physiol. 238, 1808–1822. https:// doi. org/ 10. 1002/ jcp. 31038 (2023).

 28. Ko, J. et al. Uric acid induced the phenotype transition of vascular endothelial cells via induction of oxidative stress and glycocalyx 
shedding. FASEB J. 33, 13334–13345. https:// doi. org/ 10. 1096/ fj. 20190 1148R (2019).

 29. Suzuki, A., Tomita, H. & Okada, H. Form follows function: The endothelial glycocalyx. Transl. Res. 247, 158–167. https:// doi. org/ 
10. 1016/j. trsl. 2022. 03. 014 (2022).

 30. Bahadoran, Z., Mirmiran, P., Kashfi, K. & Ghasemi, A. Hyperuricemia-induced endothelial insulin resistance: the nitric oxide 
connection. Pflügers Arch. —Eur. J. Physiol. 474, 83–98. https:// doi. org/ 10. 1007/ s00424- 021- 02606-2 (2021).

 31. Christensen, E. I. & Verroust, P. J. Interstitial fibrosis: tubular hypothesis versus glomerular hypothesis. Kidney Int. 74, 1233–1236. 
https:// doi. org/ 10. 1038/ ki. 2008. 421 (2008).

 32. Babickova, J., Yang, H.-C. & Fogo, A. B. Adverse effects of acute tubular injury on the glomerulus: Contributing factors and 
mechanisms. Pediatr. Nephrol. https:// doi. org/ 10. 1007/ s00467- 023- 06264-7 (2024).

 33. Lim, B. J. et al. Tubulointerstitial fibrosis can sensitize the kidney to subsequent glomerular injury. Kidney Int. 92, 1395–1403. 
https:// doi. org/ 10. 1016/j. kint. 2017. 04. 010 (2017).

 34. Nankivell, B. J. et al. Evolution and pathophysiology of renal-transplant glomerulosclerosis. Transplantation 78, 461–468. https:// 
doi. org/ 10. 1097/ 01. Tp. 00001 28612. 75163. 26 (2004).

Acknowledgements
The authors would like to thank all the investigators and participants. A special thank you to the the reviewers 
who participated in the review, as well as MJEditor (www. mjedi tor. com) for providing English editing services 
during the preparation of this manuscript.

Author contributions
Y.Y. wrote the manuscript. J.Z. and J.L. performed the statistical analyses and gave critical input to discussion and 
interpretation of the data. X.L., Z.L. and R.Y. collected and interpreted the data. H.H. prepared figures. Y.Y. and 
J.Z. reviewed and revised the manuscript. All authors reviewed the manuscript. The manuscript was approved 
by all authors for publication.

Funding
This research received no specific grant from any funding agency in the public, commercial or not-for-profit 
sectors.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 57813-5.

Correspondence and requests for materials should be addressed to J.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1016/j.atherosclerosis.2018.10.007
https://doi.org/10.1242/dmm.048041
https://doi.org/10.1002/jcp.31038
https://doi.org/10.1096/fj.201901148R
https://doi.org/10.1016/j.trsl.2022.03.014
https://doi.org/10.1016/j.trsl.2022.03.014
https://doi.org/10.1007/s00424-021-02606-2
https://doi.org/10.1038/ki.2008.421
https://doi.org/10.1007/s00467-023-06264-7
https://doi.org/10.1016/j.kint.2017.04.010
https://doi.org/10.1097/01.Tp.0000128612.75163.26
https://doi.org/10.1097/01.Tp.0000128612.75163.26
http://www.mjeditor.com
https://doi.org/10.1038/s41598-024-57813-5
https://doi.org/10.1038/s41598-024-57813-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Serum uric acid level is associated with glomerular ischemic lesions in patients with primary membranous nephropathy: an analytical, cross-sectional study
	Subjects and method
	Subjects and inclusion criteria

	Methods
	Clinical data
	Grouping
	Statistical analysis
	Ethics approval and consent to participate

	Results
	Comparison of clinical data between the control and the hyperuricemia groups
	Comparison of pathological data of the GIL group and the non-GIL group
	Analysis of risk factors for glomerular ischemic lesions
	Serum uric acid level predicts GIL

	Discussion
	References
	Acknowledgements


