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[Abstract] Objective To investigate the risk factors for idiopathic membranous nephropathy (IMN) complicated
by acute kidney injury (AKI) based on propensity score matching (PSM). Methods A total of 310 IMN patients
admitted between January 2020 and March 2025 were retrospectively enrolled and divided into an AKI group (n = 80) and
a non-AKI group (n = 230). Patients in the non-AKI group were matched with those in the AKI group at a 1:1 ratio using
PSM, resulting in 80 matched pairs. The general data of the patients were collected. The primary outcome measures
included serum creatinine, estimated glomerular filtration rate (eGFR), uric acid, P-selectin, and urinary kidney injury
molecule-1 (KIM-1) levels. Logistic regression analysis was performed to identify factors associated with risks for IMN
complicated by AKI, and a nomogram prediction model was subsequently established. Results  After PSM, all 5 primary
outcome measures differed significantly between the AKI and non-AKI groups (all P < 0.05). According to multivariate
logistic regression analysis, 4 outcome measures, including serum creatinine, eGFR, serum uric acid, and serum P-selectin,
were all identified as factors influencing the occurrence of AKI in patients with IMN (all P < 0.05). A combined prediction
model (a nomogram model) incorporating these 4 variables yielded an area under the curve (AUC) of the receiver
operating characteristic curve (ROC) of 0.945 (95% CI: 0.909-0.981). The calibration curve demonstrated a good fit
between the predicted and the ideal curves. Findings from the Hosmer-Lemeshow goodness-of-fit test supported adequate
calibration of the model (y* = 7.366, P = 0.498). Shapley additive explanations (SHAP) importance ranking analysis
showed that serum P-selectin was an important influencing factor for AKI in patients with IMN, and the importance of
serum uric acid, eGFR, and serum creatinine was secondary. Conclusion  Serum creatinine, eGFR, blood uric acid, and
serum P-selectin are independent influencing factors for patients with acute kidney injury, and they have certain

predictive value.
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Table 1 Comparison of clinical characteristics before and after propensity score matching of the two groups
Before Matching After Matching
Clinical features . -
Acute kidney injury  Non-acute kidney N P Acute kidney injury ~ Non-acute kidney it p
group (1 = 80) injury group (n = 230) group (n = 80) injury group (n = 80)
Agelyr., Xxs 68.78 £7.91 66.92  6.48 2.084 0.038 68.78 £7.91 68.31+7.82 0.378 0.706
BMI/(kg/mz), XEs 24.88 +3.64 2595+3.73 2.224 0.027 24.88 £ 3.64 24.59+3.48 0.515 0.607
History of diabetes/case (%) 0.008 0.931 0.108 0.742
Yes 30 (37.50) 85 (36.96) 30 (37.50) 28 (35.00)
No 50 (62.50) 145 (63.04) 50 (62.50) 52 (65.00)
History of coronary heart 0.145 0.704 0.098 0.755
disease/case (%)
Yes 5(6.25) 10 (4.35) 5(6.25) 6 (7.50)
No 75 (93.75) 220 (95.65) 75 (93.75) 74 (92.50)
History of hypertension/case (%) 0.386 0.535 0.245 0.620
Yes 53 (66.25) 154 (66.96) 53 (66.25) 50 (62.50)
No 27 (33.75) 76 (33.04) 27 (33.75) 30 (37.50)

BMI: body mass index.

T3 VEBC IR SR B O 4 AN lE 2ot B i s A i 2k
255, T B2 IR 2 E 9 A G R 8 (Spearman's rank
correlation coefficient) X [a] 4 143 DT L J5 114 19 2H L4k
BT L, IEAT R R PR B s G 0T 2t B 0
AP AT, Ok ) B FE AR A T 2 E SR Z MR I R T3
LR () P<0. 1% BRI B E s g A 2 18 R logisticlnl I 53475
o R M R B 5 0T 2 Pk 43 1 9 A IR AR A

P<0.05HZERAGI#E L,
2 #R

2.1 FELEFIERF
AP B WL ULE . eGFR ., MLRER . 1135
P-¥EEE | FRKIM-1 53 & S 4 L, 2R EHF S

2 X (3P<0.05) , WLF%2,

*2 MARENTEFEBIERLL

Table 2 Comparison of the main outcome indicators between the two groups of patients

Baseline data Acute kidney injury group (n = 80) Non-acute kidney injury group (n = 80) X/t P

Serum creatinine/(umol/L), X+ s 94.66 £ 11.84 71.28 £9.44 13.810 <0.001
eGFR/(mL/min-1.73 m’z),)‘c +5 83.42 £ 11.09 113.54 £ 13.96 15.110 <0.001
Blood uric acid/(umol/L), X+ s 429.68 + 36.97 342.55+24.11 17.657 <0.001
Serum P-selectin/(ug/L), X+ s 17.71 £2.30 10.72 £2.11 20.321 <0.001
KIM-1/(ng/mL),X £ s 1.83£0.23 0.90 £0.18 28.481 <0.001

eGFR: estimated glomerular filtration rate; KIM-1: kidney injury molecule-1.
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Table 3 Comparison of secondary outcome indicators between the two groups of patients
Indicator Acute kidney injury group (1 = 80) Non-acute kidney injury group (n = 80) Xt P
Sex Male 66 (82.50) 47 (58.75) 10.876  0.001
Female 14 (17.50) 33 (41.25)
Pathological staging Phase I 50 (62.50) 47 (58.75) 1.402 0.705
Phase IT 18 (22.50) 24 (30.00)
Phase Ill 6 (7.50) 7 (8.75)
Phase IV 6 (7.50) 4 (5.00)
Hemoglobin/(g/L) 102.77 £ 17.41 105.07 £ 15.68 0.878 0.381
White blood cell count/(x10° L™") 7.46 +1.08 7.80 +1.13 11.946  0.054
Total blood cholesterol/(pmol/L) 7.71£2.02 7.52 £ 1.49 0.677 0.499
Blood albumin/(g/L) 23.89 £5.74 2431 +£4.36 0.521 0.603
Blood triglycerides/(umol/L) 2.02£0.57 1.99 +0.64 0.313 0.755
D-dimer/(mg/L) 0.79 £ 0.35 0.72£0.34 1.283 0.201
The positive rate of PLA2R in the kidneys 57 (71.25) 66 (82.50) 2.848 0.092
RAS blocker Use 51 (63.75) 55 (68.75) 0.447  0.504
Not used 29 (36.25) 25 (31.25)
PLAZ2R: phospholipase A2 receptor. RAS: renin-angiotensin system. Data are presented as case (%) or X+ 5.
R4 FEUEEHEERSIIMEERGHERZSN
Table4 Univariate analysis of acute kidney injury in patients with idiopathic membranous nephropathy
95% CI
Factor B SE OR
Lower limit Upper limit
Sex 1.904 0.372 <0.001 6.714 3.240 13.912
Serum creatinine 0.189 0.029 <0.001 1.208 1.143 1.278
eGFR —0.209 0.034 <0.001 0.811 0.759 0.867
Blood uric acid 0.091 0.016 <0.001 1.096 1.062 1.130
Serum P-selectin 1.084 0.360 0.003 2.957 1.461 5.982
KIM-1 1.148 0.823 0.163 3.164 0.628 15.831

eGFR: estimated glomerular filtration rate; KIM-1: kidney injury molecule-1. : partial regression coefficient; SE: standard error; OR: odds ratio; CI:

confidence interval.
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Table 5 Multivariate analysis of acute kidney injury in patients with idiopathic membranous nephropathy
95% CI
Factor B Wald SE p OR
Lower limit Upper limit
Sex 1.463 3.167 0.822 0.075 4.321 0.862 21.654
Serum creatinine 0.185 5.971 0.076 0.015 1.203 1.037 1.396
eGFR —0.220 6.759 0.085 0.009 0.802 0.680 0.947
Blood uric acid 0.104 5.555 0.044 0.018 1.110 1.018 1.210
Serum P-selectin 1.383 24.986 0.277 <0.001 3.988 2318 6.859
Constant —33.814 15.747 4.611 0.032 0.000 - -
eGFR: estimated glomerular filtration rate. f: partial regression coefficient; SE: standard error; OR: odds ratio; CI: confidence interval.
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