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Abstract
Purpose  Accumulating evidence suggests that a relationship exists between serum uric acid (UA) and the progression of 
chronic kidney disease (CKD), but information regarding idiopathic membranous nephropathy (IMN) is limited.
Methods  Patients with renal biopsy-confirmed diagnosis of IMN between 2009 and 2017 were identified. The demographic 
and clinical data recorded at the time of renal biopsy were considered the baseline values. The included cases were separated 
into three groups based on tertiles of the baseline serum UA level, and the relationship between serum UA and poor renal 
outcome was investigated by receiver operating characteristic (ROC) and time-event analyses. The primary endpoint was 
poor renal outcome, which was defined as a decrease in the estimated glomerular filtration rate to 50% of the baseline level 
or progression to end-stage renal disease during the follow-up.
Results  Of 989 cases, 572 eligible patients were included. During a median of 18 months of follow-up, 45 (7.9%) patients 
progressed to the primary endpoint. Both baseline serum UA and time-averaged UA levels could be used for discrimination 
of renal outcomes, but the difference was not significant (p value = 0.6). Our Cox regression analysis further demonstrated 
that baseline serum UA was an independent predictor of poor renal outcome in IMN patients, and subgroup analysis revealed 
a gender difference in the predictive effect of serum UA.
Conclusions  Our study demonstrated that baseline serum UA was an independent predictor of poor renal outcome in patients 
with IMN, and a gender difference in the predictive effect was observed in our cohort.
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Abbreviations
UA	� Uric acid
CI	� Confidence interval
HR	� Hazard ratio
MN	� Membranous nephropathy
ESRD	� End-stage renal disease
CKD	� Chronic kidney disease
BP	� Blood pressure

eGFR	� Estimated glomerular filtration rate
SD	� Standard deviation
Scr	� Serum creatinine
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure

Introduction

Idiopathic membranous nephropathy (IMN) is an organ-
specific autoimmune disease that is a common cause of 
nephrotic syndrome in adults [1]. The deposition of auto-
immune complexes on the glomerular basement membrane 
(GBM) is an apparent characteristic of IMN, and the M-type 
phospholipase A2 receptor (PLA2R) and thrombospondin 
type 1 domain-containing 7A (THSD7A) have been con-
firmed as the target antigens on the GBM [2, 3]. Thus, the 
inflammatory pathways that are activated in the glomerulus 
might cause renal injury and result in disease progression 
[4].
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Although IMN is considered a “benign disease”, 30–40% 
of patients with IMN, particularly patients with persistent 
proteinuria and/or impaired renal function, are likely to pro-
gress to end-stage renal disease (ESRD) within 5–15 years 
[5–7]. An increased serum creatinine level and severe 24-h 
proteinuria at the time of renal biopsy have been considered 
independent risk factors for poor renal outcomes in patients 
with IMN [8]. Furthermore, gender, blood pressure, and age 
are also associated with renal outcomes [9, 10]. However, 
few studies have investigated the role of serum uric acid 
(UA) levels in the progression of renal disease in IMN.

Based on accumulating evidence, serum UA is closely 
associated with inflammation [11, 12]. Recent studies have 
reported a relationship between high serum UA concentra-
tions and increased risks of cardiovascular events and mor-
tality, which may be attributed to UA-induced inflammation 
[13, 14]. Furthermore, a high serum UA level is an inde-
pendent risk factor for renal progression in patients with 
chronic kidney disease (CKD) [15]. Therefore, our study was 
designed to investigate the relationships between serum UA 
and renal outcomes in patients with IMN.

Materials and methods

Patients with a biopsy-proven diagnosis of membranous 
nephropathy (MN) between January 2009 and June 2017 
who were followed up at the outpatient service of the First 
Affiliated Hospital of Wenzhou Medical University were 
identified and retrospectively reviewed. The inclusion crite-
ria were as follows: (1) renal biopsy-confirmed diagnosis of 
IMN; (2) CKD stage 1–3 at the time of renal biopsy; and (3) 
follow-up of at least 6 months. The exclusion criteria were as 
follows: (1) secondary causes of MN, such as systemic lupus 
erythematosus or hepatitis B-related MN; (2) malignant 
tumors at the time of renal biopsy or during follow-up; (3) 
donor kidney biopsy specimens; and (4) missing important 
data, including age, gender, serum UA and serum creatinine 
at the time of renal biopsy.

Collection and conversion of clinical data

All clinical data were collected from the hospital informa-
tion system of the First Affiliated Hospital of Wenzhou 
Medical University, and the protocol for data collection 
and masking patient-identifiable information was approved 
by the Ethics Committee of the First Affiliated Hospital of 
Wenzhou Medical University. Demographic data (age and 
gender) and systolic and diastolic blood pressure (SBP and 
DBP, respectively) were collected at the time of renal biopsy. 
Laboratory data, such as the serum creatinine, serum albu-
min, serum UA, and 24-h proteinuria levels, were collected 
at the time of renal biopsy and during follow-up. Mean 

arterial pressure (MAP) was calculated as one-third of the 
SBP plus two-thirds of the DBP. Time-averaged UA levels 
were calculated from the area under the curve of follow-up 
measurements divided by the length of the follow-up time. 
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the CKD Epidemiology Collaboration equation 
[16]. The missing values for laboratory data at the time of 
follow-up were imputed using linear imputation.

The use of diuretic and UA-lowering agents at the begin-
ning of the follow-up period was recorded, and the immu-
nosuppressant treatment strategies were recorded during the 
follow-up. Patients receiving different immunosuppressant 
treatments other than glucocorticoids were divided into the 
following four groups: (1) no, defined as no treatment with 
immunosuppressants; (2) CTX, defined as treatment with 
cyclophosphamide; (3) CNI, defined as treatment with tac-
rolimus or cyclosporine; (4) others, defined as treatment 
with other immunosuppressants, including leflunomide, 
mycophenolate mofetil, and tripterygium glycosides, or a 
switch in the immunosuppressant therapeutic strategy dur-
ing follow-up.

The included cases were divided into three groups 
according to the tertiles of the baseline serum UA levels 
to investigate the relationship between baseline serum UA 
levels and other characteristics of IMN patients.

Definitions

Hypertension is defined as an SBP higher than 140 mmHg 
or a DBP higher than 90  mmHg. CKD was classified 
according to the Kidney Disease: Improving Global Out-
comes (KDIGO) criteria [17]: Stage 1 is defined by kidney 
damage (proteinuria or hematuria) with a normal eGFR 
(eGFR ≥ 90 ml/min/1.73 m2); stage 2 is defined as kidney 
damage and a slightly decreased eGFR (eGFR 60–89 ml/
min/1.73 m2); stage 3 as an eGFR of 30–59 ml/min/1.73 m2; 
stage 4 as an eGFR of 15–29 ml/min/1.73 m2; and stage 5 
as an eGFR < 15 ml/min/1.73 m2 (or dialysis). Nephrotic 
syndrome is defined as a serum albumin level < 30  g/l 
and 24-h proteinuria ≥ 3.5 g or a urine protein/creatinine 
ratio ≥ 3.5 g/g. The primary endpoint is poor renal outcome, 
which is defined as a decrease in the eGFR to 50% of the 
baseline level or progression to ESRD during follow-up. 
Renal survival is defined as the absence of the primary end-
point event during follow-up.

Statistical analysis

The numerical data were presented as the means (stand-
ard deviations (SD)) for normally distributed data or the 
medians [interquartile ranges (IQRs)] for skewed data, and 
differences between the groups were examined using one-
way analysis of variance (ANOVA) for normally distributed 
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data or the Kruskal–Wallis rank test for skewed data. The 
Shapiro–Wilk test was used to examine the distribution of 
the numerical data. The categorical data were presented 
as counts with percentages (%), and differences between 
the groups were examined using Pearson’s Chi square 
test. Receiver operating characteristic (ROC) analysis was 
performed to assess the roles of baseline serum UA, time-
averaged UA, and their gender subgroups in discriminating 
renal outcomes, and the areas under the ROC curves (AUC) 
were calculated and examined using DeLong’s test [18]. A 
Kaplan–Meier survival analysis was performed to calculate 
the cumulative renal survival rate in the three groups, which 
was examined using the log-rank test. Univariate and mul-
tivariate Cox regression analyses and a subgroup analysis 
stratified by gender were performed to further investigate 
the relationships between baseline serum UA and poor renal 
outcome. All reported p values are two-tailed, and p val-
ues less than 0.05 were considered to indicate a statistically 
significant difference. R (version 3.5.2, R Core Team) was 
used to perform the analyses and create the figures [19–21].

Results

In total, 989 cases with renal biopsy-proven MN were 
enrolled in the study. One case of missing age and serum 
UA information at the time of renal biopsy and 268 (17.1%) 
cases with follow-up durations less than 6 months were 
removed. Then, the histories of the selected cases were 
reviewed, and one case that did not meet the inclusion cri-
teria and 147 (14.9%) cases that met the exclusion criteria 
were removed. Finally, 572 (57.8%) eligible patients were 
included in the study (Fig. 1). In our cohort, the ratio of 
males to females was 1.2:1; 412 (72%) patients presented 
nephrotic syndrome, and 241 (42.1%) patients presented 
hypertension at the time of the renal biopsy. The median age 
at the time of renal biopsy was 51.3 years (IQR 41–61 years). 

At the beginning of the follow-up period, approximately 223 
(40.0%) patients received diuretic therapy, and 25 (4.4%) 
patients received UA-lowering agents, including benzbro-
marone, febuxostat or allopurinol. During a median follow-
up of 18 months (IQR 9–33 months), 45 (7.9%) patients 
progressed to the primary endpoint, and 16 (2.8%) patients 
progressed to CKD stages 4–5.

Comparison of the clinical characteristics 
of the included patients stratified according 
to the tertiles of the baseline serum UA

The included patients were divided into the following three 
groups according to the tertiles of the baseline serum UA 
at the time of the renal biopsy: the low, median, and high 
groups, with values ranging from 166 to 335 μmol/l, 335 to 
405 μmol/l, and 405 to 710 μmol/l, respectively. The range 
in the low group was similar to the normal range of serum 
UA levels in women (range from 137 to 362 at our hospital). 
However, the range of the merged low and median group was 
still less than the normal range in men (range from 214 to 
488 at our hospital).

The results of the comparison of the differences in the 
clinical characteristics among the three groups are pre-
sented in Table 1. Significantly lower serum UA levels 
were observed in the women compared to those observed 
in the men (p value < 0.001). A significant association was 
observed between the serum UA level and renal function at 
the time of renal biopsy (relationships with the serum creati-
nine and eGFR levels and CKD stage, all p-values were less 
than 0.001). The proportions of patients with hypertension 
were significantly higher in the median and high groups than 
in the low group (p value = 0.003). In particular, significant 
differences in the means of SBP (p value < 0.001) and MAP 
(p value = 0.009) were observed between the three groups. 
Furthermore, patients with a high serum UA level at the time 
of the renal biopsy exhibited significantly decreased serum 
albumin levels and increased proteinuria. The proportions 
of patients receiving diuretic therapy were slightly higher 
in the median and high groups than in low group at the time 
of renal biopsy, but the differences between the three group 
were not significant (p value = 0.08).

No significant differences in the follow-up time were 
observed (p value = 0.56). The proportions of patients 
receiving glucocorticoids were higher in the median and 
high groups than in the low group, but a significant dif-
ference was not observed in the proportions of patients 
receiving the immunosuppressive agents other than glu-
cocorticoids between the three groups. However, signifi-
cantly higher proportions of patients achieved the primary 
endpoint in the group with a higher serum UA level (2.6% 
in the low group, 8.4% in the median group, and 12.6% 
in the high group, p value = 0.001). Furthermore, two Fig. 1   Flow chart of the patients included in the study
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patients in the low group, but seven and eight patients 
in the median and high group, progressed to CKD stage 
4-5 during follow-up. Although the patients in our cohort 
may have received different treatment regimens during 
follow-up, the correlation between the time-averaged UA 
and baseline serum UA levels was consistently significant 
(p value < 0.001).

The role of baseline serum UA and time‑averaged 
UA in discriminating renal outcomes

The results of our ROC analyses are shown in Fig. 2. The 
AUC values of the baseline serum UA (0.66, 95% confi-
dence interval (CI) 0.58–0.74) and time-averaged UA (0.69, 
95% CI 0.60–0.77) for discriminating renal outcomes were 

Table 1   Clinical characteristics of included patients at the time of renal biopsy and during follow-up

Characteristics Tertiles of UA p value

Low Median High

 At the time of renal biopsy
  Number of patients (n) 191 191 190
  Age (years, median [IQR]) 50.0 [41.0, 58.1] 51.0 [41.0, 61.0] 53.0 [42.2, 63.0] 0.2
  Female (n, %) 139 (72.8) 81 (42.4) 39 (20.5) < 0.001
  Serum albumin (g/l, median [IQR]) 26.7 [21.4, 31.3] 24.3 [20.2, 28.7] 25.5 [21.0, 29.8] 0.02
  Serum fibrinogen (g/l, median [IQR]) 4.4 [3.8, 5.2] 4.8 [4.0, 5.8] 4.8 [4.1, 5.5] 0.02
  Serum creatinine (μmol/l, median [IQR]) 54.1 [48.5, 64.6] 65.7 [55.4, 76.0] 73.2 [62.8, 82.6] < 0.001
  eGFR (ml/min/1.73 m2, median [IQR]) 110.7 [101.4, 119.7] 106.8 [95.0, 117.5] 101.7 [87.7, 114.3] < 0.001

 CKD stage (n, %) < 0.001
  Stage 1 167 (88.4) 152 (80.4) 127 (67.9)
  Stage 2 19 (10.1) 31 (16.4) 53 (28.3)
  Stage 3 3 (1.6) 6 (3.2) 7 (3.7)

 Proteinuria (g/24-h, median [IQR]) 3.7 [1.9, 6.1] 4.9 [2.8, 7.7] 4.8 [2.7, 7.3] 0.002
 Hypertension (n,  %) 70 (36.6) 72 (37.7) 99 (52.1) 0.003
  SBP (mmHg, mean (SD)) 128.9 (20.5) 133.0 (19.8) 137.7 (19.9) < 0.001
  DBP (mmHg, mean (SD)) 79.0 (12.9) 78.2 (11.7) 80.6 (12.2) 0.2
  MAP (mmHg, mean (SD)) 143.4 (20.9) 144.7 (19.4) 149.5 (20.0) 0.009

 Nephrotic syndrome (n, %) 126 (66.0) 141 (73.8) 145 (76.3) 0.06
 Diuretic use (n, %) 62 (32.5) 81 (42.4) 80 (42.1) 0.08
 UA-lowering agent use (n,  %) 2 (1.0) 6 (3.1) 17 (8.9) < 0.001

During follow-up
 Follow-up (months, median [IQR]) 21.0 [12.0, 36.0] 18.0 [10.5, 33.0] 18.0 [9.0, 33.0] 0.6
 Primary endpoint (n,  %) 5 (2.6) 16 (8.4) 24 (12.6) 0.001
 eGFR (ml/min/1.73 m2, median [IQR]) 103.8 (22.5) 92.3 (27.2) 88.6 (31.0) < 0.001
 CKD stage (n, %) < 0.001
  Stage 1 159 (83.2) 128 (67.0) 110 (57.9)
  Stage 2 23 (12.0) 34 (17.8) 41 (21.6)
  Stage 3 7 (3.7) 22 (11.5) 31 (16.3)
  Stage 4 1 (0.5) 7 (3.7) 3 (1.6)
  Stage 5 1 (0.5) 0 (0.0) 5 (2.6)

 Time-averaged UA (μmol/l, mean (SD)) 320.4 (58.9) 380.7 (58.4) 438.6 (68.9) < 0.001
 Glucocorticoids (n, %) 107 (56.0) 121 (63.4) 133 (70.0) 0.02
 Immunosuppressant use (n, %) 0.3
  No 83 (43.5) 77 (40.3) 70 (36.8)
  CTX 17 (8.9) 25 (13.1) 25 (13.2)
  CNI 37 (19.4) 46 (24.1) 52 (27.4)
  Others 54 (28.3) 43 (22.5) 43 (22.6)
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significantly higher than 0.5 (both p values < 0.001), but no 
significant difference was found between baseline serum UA 
and time-averaged UA (p value = 0.6). In particular, our sub-
group analysis showed obviously increased AUC values for 
the baseline serum UA and time-averaged UA in the women 
(0.78, 95% CI 0.65–0.92, and 0.91, 95% CI 0.86–0.97, 
respectively). Furthermore, compared to the men, the AUC 
values for the baseline serum UA and time-averaged UA 
were significantly increased in the women (p values = 0.009 
and < 0.001, respectively), suggesting that a gender differ-
ence exists in serum UA as a predictor of renal outcomes.

Relationship between the baseline serum UA 
and renal outcomes

The Kaplan–Meier survival analysis of our cohort showed 
significantly different cumulative renal survival rates 
between the three groups (log-rank test: p value < 0.001), 
and the renal survival rate decreased rapidly in the groups 
with median and high levels of baseline serum UA, suggest-
ing a significant correlation between baseline serum levels 
and the renal survival rate in IMN patients (Fig. 3). Our 
Cox regression analysis further demonstrated a significant 
association between baseline serum UA and poor renal out-
come (Table 2). For low serum UA levels, the hazard ratio 
(HR) was significantly increased in the groups with median 
(HR 3.39, 95% CI 1.24–9.26, p value = 0.02) and high (HR 
5.73, 95% CI 2.17–15.15, p value < 0.001) levels of base-
line serum UA in the univariate model. Furthermore, the 
multivariate Cox regression models adjusted for the tradi-
tional risk factors of age, gender, the eGFR, 24-h proteinu-
ria, and hypertension and other confounders of treatments 

with immunosuppressants and diuretics demonstrated that 
baseline serum UA was an independent predictor of poor 
renal outcome in patients with IMN. The subgroup analysis 
indicated that baseline serum UA was more strongly associ-
ated with poor renal outcomes in women than in men, and 
the women with higher levels of serum UA may be more 

Fig. 2   The AUC of the baseline serum UA and time-averaged UA 
for identification of poor renal outcome and the subgroup analysis 
stratified by gender. The diamond shapes and short horizontal bars 
represent AUC values and 95% CIs, respectively. The vertical short 
bars with p-values indicate comparisons between two AUC values. 
Patients were separated into men and women for the subgroup analy-
sis

Fig. 3   Kaplan–Meier survival plot of patients stratified by the tertiles 
of the serum UA levels

Table 2   Univariate and multivariate Cox regression analyses of renal 
survival in patients stratified by tertiles of serum UA levels

Model 1: Univariate model of the tertiles of the serum UA levels. 
Model 2: Multivariate Cox model of the tertiles of the serum UA lev-
els adjusted for the traditional risk factors of age, gender, eGFR, 24-h 
proteinuria, and hypertension and other confounders of treatment 
with immunosuppressants and diuretics in the total dataset; gender 
was removed in the subgroup analysis

Parameter Model 1 Model 2

HR [95% CI] p value HR [95% CI] p value

Total
 Low Ref – Ref –
 Median 3.39 [1.24, 9.26] 0.02 2.65 [0.91, 7.70] 0.07
 High 5.73 [2.17, 15.15] < 0.001 3.01 [1.00, 9.07] 0.05

Subgroup
 Male
  Low Ref – Ref –
  Median 3.43 [0.75, 15.64] 0.1 2.70 [0.58, 12.66] 0.2
  High 3.72 [0.85, 16.31] 0.08 2.01 [0.41, 9.86] 0.4

 Female
  Low Ref – Ref –
  Median 2.39 [0.56, 10.18] 0.2 2.13 [0.36, 12.57] 0.4
  High 9.69 [2.55, 36.80] 0.001 5.89 [1.26, 27.65] 0.03
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likely to progress to poor renal outcome, which is consistent 
with the results of the ROC analyses.

Discussion

In our cohort, serum UA levels were significantly increased 
in male patients and positively associated with increased 
24-h proteinuria and blood pressure but inversely associated 
with decreased serum albumin and eGFR levels. These clini-
cal variables are traditional risk factors for IMN and indicate 
more severe clinical manifestations in IMN [8–10]. Accord-
ing to the ROC analyses, serum UA can be used to determine 
the renal prognosis in patients with IMN. Furthermore, our 
Cox regression analysis suggested that patients with a higher 
baseline serum UA level had a significantly increased HR 
for a poor renal outcome. Moreover, our subgroup analysis 
revealed a strong significant correlation between the serum 
UA level and poor renal outcome in the women.

UA is a product of purine metabolism generated during 
the breakdown of adenosine and guanine. The kidney is 
the main organ responsible for the excretion of serum UA 
and eliminates approximately two-thirds of serum UA [22]; 
in addition, a significant relationship exists between renal 
function and the serum UA level. However, the role of UA 
in the progression of CKD is unclear. Researchers debate 
whether hyperuricemia is only a phenomenon resulting from 
the decreasing renal function or a risk factor for renal pro-
gression in patients with CKD [23–25]. However, based on 
accumulating evidence, hyperuricemia is a risk factor for 
CKD progression [26–28]. In animal models, an increase 
in the UA level has been reported to induce oxidative stress 
and endothelial dysfunction, resulting in the development of 
hypertension and reduced renal blood flow [29, 30]. Other 
studies have reported an association between UA levels and 
activation of the renin-angiotensin system, causing glomeru-
lar hypertrophy [31], and UA induces systemic and local 
inflammation, promoting endothelial dysfunction, cell prolif-
eration, and inflammatory factor release [11, 12]. Our study 
showed that the serum UA level was significantly associated 
with the serum fibrinogen level, which is also considered 
both an inflammatory factor and a risk factor for CKD pro-
gression [32]. Moreover, in our cohort, the serum UA level 
was significantly associated with the traditional risk factors 
for IMN. The patients with a high serum UA level exhibited 
severe proteinuria and a low eGFR level commonly in com-
bination with hypertension at the onset of disease.

The ROC and time-event analyses further confirmed the 
significant relationship between the serum UA and poor 
renal outcome. Both the baseline serum UA and time-aver-
aged UA levels can be used to determine renal outcomes, and 
the difference in their predictive abilities was not significant, 
although a slight increase in the AUC of the time-averaged 

UA was noted. Considering the significant relationship 
between baseline serum UA and time-averaged UA, base-
line serum UA may be superior to the time-averaged UA 
level as a predictor because it is an easier and earlier param-
eter. Furthermore, the Kaplan–Meier survival analysis indi-
cated a significant tendency for patients with an increased 
baseline serum UA to have a decreased cumulated survival 
rate. The multivariate Cox regression analyses adjusted for 
the traditional risk factors and confounders of treatments 
demonstrated that the baseline serum UA is an independent 
predictor of a poor renal outcome in IMN.

Our subgroup analysis suggested a gender difference in 
the predictive effect of the serum UA. Kawabe et al. indi-
cated that an increased level of serum UA was associated 
with major cardiovascular adverse events more strongly in 
women than in men with acute coronary syndrome [33]. 
Other studies, such as the Framingham Heart Study, also 
demonstrated that serum UA was a predictor of coronary 
heart disease in women but not in men [34]. These findings 
are consistent with our findings, which may be attributed 
to the common risk factors of cardiovascular disease and 
glomerular disease.

Hyperuricemia is usually defined as a serum UA 
level > 6.8 mg/dl (404 µmol/l) [35], which is consistent 
with our high group. However, in our cohort, patients in the 
median group (ranging from 335 to 405) had an increased 
HR for a poor renal outcome. Uchida et  al. also found 
that the serum UA target should be less than 6.0 mg/dl 
(356 µmol/l) to reduce the progressive risk of ESRD [36]. 
Thus, additional prospective studies are needed to confirm 
whether a lower serum UA level is a protective factor for 
renal outcomes in patients with IMN.

A few confounders may affect the serum UA levels dur-
ing therapies, which could bias the statistics. Diuretics and 
dehydration can increase the serum UA level. Furthermore, 
some immunosuppressive agents, such as tacrolimus and 
cyclosporine, can increase the serum UA levels during 
therapy by increasing UA re-absorption and/or decreasing 
UA secretion [35]. In our cohort, although the proportion of 
patients receiving diuretics in the median and high baseline 
serum UA groups was slightly higher than that in the low 
group, the differences were not statistically significant (p 
value = 0.08), and a significant difference was not observed 
among our patients receiving different immunosuppressive 
agents (p = 0.3).

Our study has several limitations. First, the observa-
tional design of the study identifies associations only and 
not causal relationships. Although serum UA levels were 
an independent predictor of renal outcomes in patients with 
IMN in the present study, further studies are needed to deter-
mine the causal association and the effects of UA-lowering 
therapy on the progression of changes in renal function in 
patients with IMN. Second, obvious variations in both the 
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follow-up time and the treatment strategy were observed, 
which may affect the robustness of our results.

Although it is difficult to confirm the role of serum UA 
in the progression of kidney function in IMN, our study 
demonstrated that the baseline serum UA is an independ-
ent predictor of poor renal outcome in patients with IMN. 
Moreover, a gender difference exists for serum UA as a pre-
dictor of renal outcomes, and female patients with higher 
levels of serum UA are more likely to progress to a poor 
renal outcome. Therefore, the serum UA levels of patients 
with IMN warrant more attention.
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