1032 Chin J Pharmacoepidemiol, Sep. 2025, Vol. 34, No.9

-+

S RE - R

ETHNRFINZFEEEATERRXINESE
R EZESH

HEFE" L, MW, mER

1. AR EREAFELEFR (WEHH/ K 014040)
2. NEHEHBRARERG A (FfmiEss 010017)

[{#HE) BH HWITEFRE LT HERMCEM B (VA-AKD) MERHE.
FiE BEPECE RS AR KR ER 2021 4 1 H—2024 4F 6 A #1852 02444
Be B E IR TERE, Giit VA-AKL KA K259 Wil (TDM) 180, LASSO [A1 9 i
TTRHIERE S, AL 10 000 K, FERUGECH, BEPLIHI 75% MIZAEA, R8T
TR G P AR, R R UTE 2 kAR b HH B R oo AR TE FH TR R 25 Kk
PEFEIE 8+ 2 YL A N ZRBE A4, ST Logistic [T BEALARAK . s R T1 ek K
SR 4 AHLESF T BRI eI A v F AR T AR RO TR £ v fff 2 e A2 i E AR
FEAERNZE R IR (AUC) o F /NG A SRR Y S gt A T nT ik, 25 Jhagh
A 305 B T B R AR, Ho 49 6] (16.07% ) % VA-AKIL, LASSO [FIH53#7
PEFE 7 ANERAEAS B 4 DHLAS 2R IR, J5r 0k R BEAIL R AR IR A by JXURS: TR AR Y,
AUC 185 091, F5HEEH 0.89, MERIZE N 0.88, HHIZ % 0.98, F1{EH K 0.93. A K)HH
W EAAEHEA AR 25 IR UK. C R (CRP) K. FEFIZKF . PRI |
ODINREAR S . MZGAREERTE] . 452570, 4518 FIZY R UEFKF . PRI | 254 R
WA, DIIREARA . HEMKF. CRP K. A2 ERHE VA-AKI ERH .
BEALAR MBI 0 247 B VA-AKT & AR XS RRLRE R, "IN BAE R E T B RS A
S

[c51R]) ThER; 2B, BEERE; GRHEE; Pl
[FhE5FES] RI78.1 [ SCHEKERIBAD ] A

Risk factors of vancomycin-related acute kidney injury in elderly patients based
on machine learning

GUO Xinyu'?, DAI Libo®, YANG Hongxin®

1. Baotou Medical College, Inner Mongolia University of Science and Technology, Baotou 014040, Inner
Mongolia Autonomous Region, China

2. Department of Pharmacy, People's Hospital of Inner Mongolia Autonomous Region, Hohhot 010017,
China

Corresponding author: YANG Hongxin, Email: ny1882@163.com
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vancomycin at the Inner Mongolia Autonomous Region People's Hospital from January 2021 to June 2024 were
retrospectively collected. The incidence of VA-AKI and the situation of treatment drug monitoring (TDM)
were statistically analyzed. LASSO regression was used for feature selection, and this process was repeated
10,000 times. In each iteration, 75% of the training samples were randomly selected, and the frequency of
each feature being selected was counted. Finally, the features with higher frequency in multiple iterations were
selected for model training. The data were divided into training set and test set at an 8:2 ratio. Four machine
learning prediction models, including Logistic regression, random forest, extreme gradient boosting (XGBoost),
and support vector machine (SVM), were established. The accuracy and area under the receiver operating
characteristic curve (AUC) of the above prediction models were calculated in the test set. The minimum depth
distribution was used to visualize the importance of the characteristics of the model. Results A total of 305
elderly patients receiving vancomycin were included, among which 49 cases (16.07%) developed VA-AKI. LASSO
regression analysis selected 7 characteristic variables to build 4 machine learning models, and finally selected
the random forest model as the risk prediction model. The random forest model has an AUC value of 0.91, an
accuracy of 0.89, an accuracy of 0.88, a recall rate of 0.98, and an F1 value of 0.93. The predictor importance
ranking was in order of post-treatment creatinine level, C-reactive protein (CRP), albumin(Alb), respiratory
failure, cardiac insufficiency, trough concentration time, and dose. Conclusion Post-treatment creatinine level,
respiratory weakness, trough concentration time, cardiac insufficiency, Alb, CRP, and dosage were the risk factors
for VA-AKI. The random forest model is the most effective in predicting the risk of VA-AKI in elderly patients,

providing a reference for rational use of vancomycin in elderly patients.
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Table 1. Basic characteristic of included patients [M (P,s, Ps), X 5, 1 (%)]

i H Bt (n=305) EVA-AKIZL (=256 ) VA-AKIZ (n=49) 1z P

Fl (%) 72 (67, 80) 72 (67, 80) 74 (66.5, 82.5) -0.607 0.544
PE5 0.353 0.552

% 175 (57.4) 145 (56.6) 30 (61.2)
& 130 (42.6) 111 (43.4) 19 (38.8)

CCl 6 (4, 8) 6(4,7) 8 (6, 11) -4411  <0.001
BIFHER 98 (32.1) 76 (29.7) 22 (44.9) 4363 0.037
RN K= 202 (66.2) 165 (64.5) 37 (75.5) 2.248 0.134
A I I A B 146 (47.9) 121 (47.3) 25 (51.0) 0.232 0.630
G HEE 71 (23.3) 48 (18.8) 23 (46.9) 18298  <0.001
BIFMB RGN 93 (30.5) 73 (28.5) 20 (40.8) 2.936 0.087
BIFH LRGN 56 (18.4) 46 (18.0) 10 (20.4) 0.163 0.686
G IR 60 (19.7) 51 (19.9) 9(184) 0.063 0.802
BT s 94 (30.8) 64 (25.0) 30 (61.2) 25312 <0.001
BIFLIIREA S 82 (26.9) 54 (21.1) 28 (57.1) 27.190  <0.001
BIF LT RE v 16 (5.2) 8(3.1) 8 (16.3) 11.886  <0.001
AEICU 195 (63.9) 160 (62.5) 35 (71.4) 1.422 0.233
30 dNFAR 138 (45.2) 121 (47.3) 17 (34.7) 2.624 0.105
MU S 197 (64.6) 158 (61.7) 39 (79.6) 5.744 0.017
O RS 211 (69.2) 172 (67.2) 39 (79.6) 2.968 0.085
O SIRE 247 (81.0) 203 (79.3) 44 (89.8) 2.944 0.086
HEEE 226 (74.1) 186 (72.7) 40 (81.6) 1.727 0.189
LRI 73 (23.9) 58 (22.7) 15 (30.6) 1.430 0.232
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Wi Bt (n=305) JEVA-AKIZ (n=256) VA-AKIZ] (n=49) rarA P
FHZJEA 15.161 0.002

Jiiti & 89 (29.2) 71 (27.7) 18 (36.7)

WAVR R Gl 25 (8.2) 20 (7.8) 5(10.2)

Y e EL] 51 (16.7) 36 (14.1) 15 (30.6)

HoAty 140 (45.9) 129 (50.4) 11 (22.4)
S I AR bR AR TR 0.405 0.525

J 103 (33.8) 88 (34.4) 15 (30.6)

H 195 (63.9) 161 (62.9) 34 (69.4)
HiFRaik 7.300 0.199

J 110 (36.1) 95 (37.1) 15 (30.6)

PRAAER 68 (22.3) 59 (23.0) 9 (18.4)

GV O ERTA 33 (10.8) 29 (11.3) 4(82)

B 2 AN BRI 16 (5.2) 13 (5.1) 3(6.1)

INGTE NG 16 (5.2) 10 (3.9) 6 (12.2)

oAb 62 (203) 50 (19.5) 12 (24.5)
it (mg) 500 (500, 1000) 500 (500, 1000) 500 (500, 1000 ) -0.607 0.874
525k (h) 12 (8, 12) 12 (8, 12) 12(8, 12) -0.311 0.756
#ERE (h) 1(1, 1) 1(1, 1) 1(1, 1) -1.836 0.066
Hil&E (mg) 1500 (1000, 2000) 1500 (1000, 2000) 1500 (1000, 2000) -0.118 0.906
FHZIREL (d) 7.10 (4.83, 11.98) 8.00 (5.00, 12.10) 5.30 (3.00, 8.95) -3.589  <0.001
PR 65 (21.3) 58 (22.7) 7 (143) 1.750 0.186
I 255 BERT ] (h) 11.50 (7.50, 11.50) 11.50 (7.50, 11.50) 11.50 (7.50, 11.50) -0.680 0.497
MU (ng - mL™) 17.72 (11.59, 25.90) 17.03 (11.07, 24.69) 20.65 (15.04, 29.38) -2.265 0.024
FAZ515SCr (pmol « L) 60.41 (44.81, 90.32) 57.40 (43.95, 80.40) 108.30 (61.28, 226.15)  -5383  <0.001
JRZH (mmol - L) 9.19 (5.63, 14.37) 8.48 (540, 12.92) 12.64 (9.01, 22.70) -4.228  <0.001
JRER (pmol + L) 175.69 (122.05, 249.37) 169.00 ( 121.00, 236.00)  194.49 (124.50, 298.89)  -1.698 0.090
FEAE R (ng » mL™) 0.50 (0.20, 2.20) 0.42 (0.20, 1.91) 1.87 (0.22, 11.00) 3228  <0.001
WM (U- 1) 27.95 (13.10, 48.50) 2820 (1228, 52.75) 2530 (17.35, 39.05) -0.186  0.853
RAG WM (U - L) 33.12 (21.80, 52.09) 32.75 (21.40, 50.02) 34.90 (23.65, 59.11) -0.916 0.360
BAELTZE (pmol « L) 13.17 (821, 20.78) 13.40 (8.30, 20.96) 12.10 (7.05, 18.80) -1.048 0.295
BHEMRLIE (pmol - L) 6.50 (3.70, 11.72) 6.70 (3.80, 11.76) 5.25 (3.38, 11.66) -1.042 0.297
HEH (g- L) 32.1+4.53 32.0+4.52 32.7+4.57 -0.995 0.321
BIEA (g L) 60.3 +8.13 60.4 + 8.39 59.8 +6.74 0.505 0.614
FEE (x10° - 1) 10.47 (7.43, 14.83) 10.12 (7.32, 14.67) 11.73 (8.27, 15.89) -1.435 0.151
sk A AL ( x 107 - L) 8.49 (5.84, 12.74) 8.07 (5.66, 12.72) 9.77 (6.96, 13.71) -1.726 0.084
WRELANMEL ( x 107 - L) 0.95 (0.63, 1.41) 0.97 (0.64, 1.44) 0.95 (0.52, 1.28) -0.540 0.589
MrsEA (g- L) 96.00 (82.00, 114.00)  96.00 ( 82.00, 114.25) 95.00 (82.50, 110.50) -0.385 0.700
AR (x 107 - L) 3.15 (2.74, 3.66) 3.14 (2.73, 3.69) 3.16 (2.80, 3.61) -0.309 0.757
Ik (L. L) 0.29 (0.25, 0.34) 0.29 (0.25, 0.34) 0.29 (0.25, 0.34) -0.228 0.819
M/ (%107 - 17 191.00 (98.00, 286.00)  200.50 (102.00, 294.75)  166.00 (95.50, 245.00) -1.594 0.111
CRP (mg - L™) 52.00 (2234, 102.91)  51.44 (21.83, 102.91) 6239 (27.18, 104.46)  -0.694 0.488
FAZy)ESCr (pmol « L) 63.33 (47.92, 103.03)  59.33 (45.55, 81.40) 208.80 (107.15, 389.47) -7.507  <0.001
T HIRER bR 117 (38.4) 100 (39.1) 17 (34.7) 0.355 0.551
L NIIR=RT LY 129 (42.3) 110 (43.0) 19 (38.8) 0.320 0.572
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Table 2. Evaluation of the effect of each model in
predicting VA-AKI in elderly patients

To Y AR HER % FEACIE S FUA
Logistic 0.62 0.87 0.50 0.56
LR 0.89 0.88 0.98 0.93
XGBoost 0.60 0.90 0.75 0.67
SVM 0.90 0.85 0.92 0.91

(El 5-A), SVM BRI AUCTH M 0.90 (& 5-D ),
REHLARMAL T A AUC {E s (091, & 5-C) .
AR XGBoost B[RRI dw i, (HIEH ROC
2 KGR B A YN QN BEMLARARASE AR, Fe 2K BEAIL
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