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[ Abstract] Objective To investigate the influencing factors of arteriovenous fistula
(AVF) maturation failure in hemodialysis patients, and to construct a risk prediction model for

AVF maturation failure based on machine learning algorithms. Methods Patients who underwent
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initial AVF formation at Kaifeng People's Hospital from January 2021 to January 2025 were selected as the
study subjects. Relevant medical records were collected, and patients were divided into a normal group and a
maturation failure group based on whether maturation failure occurred within 12 weeks after AVF formation.
The patients were then split into training and validation sets in a 7 : 3 ratio. Logistic regression, extreme
gradient boosting (XGBoost), random forest (RF), and gradient boosting machine (GBM) algorithms were
used to identify factors influencing AVF maturation failure. A predictive nomogram, calibration curve, and
receiver operating characteristic curve were plotted. Results A total of 260 patients undergoing initial AVF
formation were included, with 143 in the normal group and 117 in the maturation failure group, 182 in the
training set and 78 in the validation set. Multivariate Logistic regression results indicated that age and ALB were
independent influencing factors. The XGBoost, RF, and GBM algorithms identified 20, 21, and 19 risk factors
for AVF maturation failure, respectively. Age, ALB, GLU, and Hb were common variables across all models. The
nomogram model constructed based on these variables demonstrated high predictive accuracy the AUCs of the
training set and validation set were 0.881[95%CI (0.829, 0.933)] and 0.912 [95%CI (0.838, 0.986)], respectively.
Conclusion Age, ALB, Hb, and GLU are the key factors affecting AVF maturation failure in hemodialysis

patients. The risk prediction model developed using these indicators exhibits excellent predictive performance

and may assist clinicians in selecting vascular access strategies and preventing complications.
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Table 1. Comparison of general information of patients [M (P.,s, Ps)]

ARt EH2L (n=143) AR B (n=117) HZCH P
AR (%) 52.00 (41.00, 56.50) 67.00 (60.00, 72.00) -10.625 <0.001
P 8.964 0.003

5 107 (74.83) 67 (57.26)

i© 36 (25.17) 50 (42.74)
FRAEIRIE 11.330 <0.001

G 85 (59.44) 45 (38.46)

B 58 (40.56) 72 (61.54)
ISz O M AR 5.032 0.025

G 37 (25.87) 17 (14.53)

H 106 (74.13) 100 (85.47)
DBP ( mmHg) * 9327 +16.17 84.93 + 14.73 4306 <0.001
NEUT# ( x 10°/L) 430 (345, 5.85) 4.80 (3.50, 7.10) -2.103 0.036
LYM# ( x 10”/L) 1.02 (0.72, 1.32) 0.87 (0.60, 1.16) -2.804 0.005
MON# ( x 10°/L) 0.33 (0.27, 0.51) 0.39 (0.31, 0.55) -1.983 0.048
L£OS# ( x 10°/1.) 0.11 (0.05, 0.22) 0.09 (0.03, 0.20) -2.008 0.045
CRP (mg/L) 437 (1.50, 17.00) 12.55 (4.53, 34.03) -3.877 <0.001
PT (s) 11.60 (11.00, 12.25) 12.00 (1130, 12.70) -2.141 0.032
INR 0.94 (0.90, 1.00) 0.97 (0.91, 1.03) -1.985 0.047
D-D (mg/L) 1.35 (0.78, 2.85) 1.85 (1.35, 4.13) -3.522 <0.001
FDP (mg/L) 4.15 (270, 7.85) 530 (3.85, 11.30) -3.682 <0.001
ALB (gL) * 37.75 +6.01 35.13 +5.54 3.614 <0.001
PA (mgL) " 302.44 + 106.20 242.38 + 83.84 3.983 <0.001
UREA ( mmol/L) 25.52 (19.00, 33.46) 2252 (16.72, 27.90) -2.547 0.011
Cr (umol/L) 811.00 (608.00, 1078.50) 557.00 (398.00, 738.00) -6.346 <0.001
UA (pmol/L) 413.50 (325.50, 515.50) 350.50 (261.50, 433.25) -2.840 0.004
B2-MG (mg/L) 24.16 (17.97, 31.09) 21.61 (15.26, 27.66) -2.318 0.020
GLU (' mmol/L) 5.94 (499, 7.85) 746 (5.92, 11.31) -4.174 <0.001
P ( mmol/L) 1.92 (1.61, 2.29) 1.64 (1.28, 2.11) -3.133 0.002
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Table 2. Analysis of influencing factors for AVF maturation failure

R k75 LA EANE N
ORfH (95%CI ) PlE OR{H (95%CI ) Pl
ERE (%) HE 1.170 (1.121, 1.231) <0.001 1.104 (1.038, 1.186) 0.004

JC 0 Ref. Ref.
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FE RO I M A

Jc 0 Ref. Ref.

B 2766 (1.318, 6.170) 0.009 0.633 (0.133, 2.830) 0.550
DBP ( mmHg) $E 0.972 (0.952, 0.991) 0.005 0.975 (0.935, 1.014) 0.223
Hb (g/L) ol 0.987 (0.974, 0.999) 0.048 0.991 (0.962, 1.021) 0.558
ALB (g/L) Bl 0.899 (0.849, 0.949) <0.001 0.885 (0.778, 0.994) 0.046
PA (mg/L) HE 0.991 (0.986, 0.996) <0.001 0.999 (0.991, 1.008) 0.900
Cr (pmol/L,) Bl 0.998 (0.997, 0.999 ) <0.001 0.999 (0.997, 1.001) 0.390
UA ( pmol/L) HH 0.998 (0.995, 0.999 ) 0.023 1.001 (0.996, 1.005) 0.772
GLU ( mmol/L) HE 1.110 (1.027, 1.210) 0.012 1.179 (0.947, 1.526) 0.171
P (mmol/L) ol 0.497 (0.293, 0.813) 0.007 1.699 (0.483, 6.524) 0.418
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Figure 1. Construction of prediction model for AVF maturation failure
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