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[ Abstract ] Objective To explore the influencing factors of antimicrobial drug-induced thrombocy-
topenia and construct a predictive model based on machine learning (ML). Methods Patients who received
antimicrobial therapy at Qingbaijiang District People's Hospital in Chengdu from January 2020 to December
2022 were selected as study subjects. Antimicrobial drug-induced thrombocytopenia was set as the outcome
variable. Independent risk factors for antimicrobial-induced thrombocytopenia were identified using least
absolute shrinkage and selection operator regression and multivariate Logistic regression (LR) analysis.
Synthetic Minority Over-sampling Technique-Nominal Continuous was applied for oversampling, and 5
different ML models were constructed based on feature variables to identify the optimal model. The
performance of the predictive model for antimicrobial-induced thrombocytopenia was evaluated using area
under the receiver operating characteristic curve (AUC), calibration curves, the Hosmer-Lemeshow test, and
decision curve analysis (DCA). The Delong test was used to compare differences in AUC among models, and
the integrated discrimination improvement index (IDI) and net reclassification improvement index (NRI) were
calculated with conventional LR as the reference model. The best predictive model was comprehensively
selected. The contribution and impact of key features on model predictions were interpreted using SHapley
Additive exPlanations (SHAP). Results A total of 701 patients were included, among whom 41 (5.85%)
developed antibiotic-induced thrombocytopenia. Multivariate LR analysis revealed that elevated total bilirubin
(TBIL) [OR=1.285, 95%CI (1.118, 1.477)] was an independent risk factor for antibiotic-induced
thrombocytopenia, while elevated albumin (ALB) [OR=0.954, 95%CI (0.912, 0.998)] and higher creatinine
clearance (CCr) [OR=0.856, 95%CI (0.749, 0.978)] were protective factors (P < 0.05). The eXtreme gradient
boosting (XGBoost) model demonstrated the best predictive performance. Hosmer-Lemeshow test and the
calibration curve of the XGBoost model showed a high consistency between predicted and observed risks. The
DCA curve revealed that the XGBoost model achieved the highest net benefit across the entire threshold range
(0-1.0). Based on bootstrap internal validation, the DeLong test showed statistically significant differences
between the XGBoost model and the LR, random forest, decision tree, and support vector machine models (all
P < 0.05). Compared with LR as the reference, the XGBoost model significantly outperformed other models in
terms of IDI and NRI (all P < 0.05). SHAP analysis indicated that TBIL, ALB, and CCr levels played important
roles in predicting antibiotic-induced thrombocytopenia. Conclusion TBIL levels, ALB levels and CCr levels are
the influencing factors of antimicrobial drug-induced thrombocytopenia. The XGBoost model has a good
predictive performance for predicting platelet reduction caused by antibacterial drugs, providing a reference for

screening high-risk patients with antimicrobial drug-induced thrombocytopenia.

[ Keywords ] Machine learning; Antimicrobial drugs; Thrombocytopenia; Prediction model; Risk

factors; Extreme gradient boosting; SHapley Additive exPlanation
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Table 1. Comparison of clinical data between the two groups of patients [M (P,s, Ps) 1

I RAFEAE R (n=41) KER (n=660) ZI P
() 47.00 (45.00, 49.00) 47.00 (44.00, 49.00) 0.875 0.381
e 4.261 0.039
% 27 (65.85) 325 (49.24)
@ 14 (34.15) 335 (50.76)
RBC (x10"/L) 4.15 (3.64, 4.64) 441 (4.08, 4.81) 2.836 0.005
HCT (%) 38.70 (35.90, 43.15) 40.45 (37.02, 44.18) 1.716 0.086
Hb (g/L) 129.00 (119.00, 143.50) 134.00 (121.00, 147.00) 1.469 0.142
ALP (U/L) 82.00 (66.50, 101.50) 79.00 (67.00, 96.00) -1.145 0.252
TBIL (pmol/L) 18.50 (12.80, 30.05) 12.00 (8.72, 15.80) -4.902 <0.001
ALB (g/L) 39.60 (35.45, 41.05) 41.55 (39.12, 43.80) -4.416 <0.001
Cr (pmol/L) 77.00 (64.00, 97.50) 67.00 (56.00, 77.00) -3.902 <0.001
CCr (mL/min) 90.92 (77.10, 110.44) 115.51 (99.44, 133.24) -5.071 <0.001
BUN (mmol/L) 5.60 (435, 6.75) 4.60 (3.60, 5.60) -3.271 0.001
CysC (mg/L) 0.98 (0.82, 1.14) 0.78 (0.68, 0.90) -5.071 <0.001
PCT (pg/L) 0.06 (0.00, 0.69) 0.00 (0.00, 0.05) -4.286 <0.001
PT (s) 13.40 (12.10, 15.65) 12.10 (11.30, 13.20) -3.976 <0.001
APTT (s) 32.70 (30.50, 41.70) 30.50 (28.00, 33.60) -4.241 <0.001
DDD (/d) 5.75 (2.46, 8.88) 7.00 (4.00, 10.00) -1.709 0.087
sz
B- eI 37 (90.24) 516 (78.18) 3.372 0.066
NS 1 (2.44) 3 (045) - 0.215"*
P RITES 13 (31.71) 230 (34.85) 0.168 0.682
TR e 0 (0.00) 3 (0.45) - 0.839"
NN RS 3 (7.32) 33 (5.00) 0.083 0.774
T 3 (7.32) 23 (3.48) 0.696 0.404
FItEE RIS 0 (0.00) 1 (0.15) - 1.000%

7E: RBC.Zrmfeit 2 (red blood cell count) ; HCT. £-a i /EAR (hematocrit) ; Hb. f220%% & (hemoglobin); ALP. #2382 8 (alkaline phosphatase ) ;
TBIL. %241 % (total bilirubin); ALB. @%@ (albumin); Cr. JUEF (creatinine); CCr. WUBT/H 4% (creatinine clearance rate); BUN. k% £ (blood urea
nitrogen) ; CysC. A EC ( eystatin C); PCT. 454 7 (procalcitonin) ; PT. %% B /7 BF 18] (prothrombin time) ; APTT. & 4L3% 5% o 7 B AF 1] (activated
partial thromboplastin time); DDD.FRZ B 5% (defined daily dose) ; SHERFAAB AT [n (%) ] kT TR Fisher HibniE ik,
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=2 %R E Logistic B34
Table 2. Multivariate Logistic regression analysis

L2 g s OR (95%C1) P
SES X

TBIL 0251 0.071 12474 1285 (1118, 1.477) <0.001
ALB  -0.047 0.023 4192 0954 (0912, 0.998)  0.041
Cr 0002 0004 0250 1.002 (0.99%, 1.010) 0618
CCr -0.155 0.068 5228 0856 (0.749, 0.978)  0.023
CysC 0019 0022 0732 1.019 (0976, 1.064) 0393

7E: TBIL. %A24t% (total bilirubin); ALB. @%@ (albumin); Cr. JULEF
(creatinine) ; CCr. JLEFiA &% (creatinine clearance rate) ; CysC. W&
C (eystatin C)o

%3 5 MLAER A BRI LB
Table 3. Performance evaluation comparison of 5 ML models

e TWTE AUC (95%CI) REE TS R F1iF453
Bootstrap 46 1F [
LR 0.456 0.889 (0.713, 0.936) 0.944 0.812 0.902 0.929
RF 0.453 0.802 (0.722, 0.893) 0.900 0.730 0.832 0.866
DT 0.472 0.730 (0.658, 0.827) 0.874 0.851 0.867 0.899
XGBoost 0.463 0.906 (0.805, 0.952) 0.935 0.941 0.937 0.952
SVM 0.457 0.716 (0.629, 0.846) 0.799 0.792 0.797 0.842
Bootstrap 5 IF 7
LR 0.452 0.897 (0.730, 0.915) 0.935 0.851 0.908 0.932
RF 0.422 0.783 (0.672, 0.853) 0.846 0.842 0.844 0.881
DT 0.465 0.745 (0.653, 0.867) 0.897 0.842 0.879 0.910
XGBoost 0.473 0.914 (0.835, 0.960) 0.893 0.990 0.924 0.941
SVM 0.438 0.700 (0.647, 0.794) 0.841 0.762 0.816 0.861

7E: RF.FAALAEA (random forest); DT. = %4t (decision tree); LR.AE%iE e (Logistic regression) s XGBoost. #5545 32+ (extreme gradient

boosting) ; SVM. £ 4&F®Z#L (support vector machine) .

A 10 r B 10 [
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El2 ROC #i%k

Figure 2. ROC Curve

7 : ABootstrap B 3ERT ROC ¥ 4% ; B.Bootstrap 32E /G ROC W4,
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Table 4. Performance comparison of 5 ML models
LT AUC (95%CI) P IDI (95%CI) P NRI (95%CI) 1
LR 0.897 (0.730, 0.915)
RF 0.783 (0.672, 0.853) 0.087 -0.027 (-0.045, 0.011) 0.062 -0.204 (-0.365, 0.056) 0.073
DT 0.745 (0.653, 0.867) 0.048 -0.059 (-0.094, -0.033) 0.037 -0.311 (-0.482, -0.200) 0.034
XGBoost 0.914 (0.835, 0.960) <0.001 0.089 (0.042, 0.126) <0.001 0.493 (0.327, 0.579) <0.001
SVM 0.700 (0.647, 0.794) <0.001 -0.124 (-0.131, -0.095) <0.001 -0.516 (-0.684, -0.410) <0.001

7E: RF.FA#LAEA (random forest); DT.# %4t (decision tree); LR.AE%i% 22 (Logistic regression) ; XGBoost. #.3% 4% 42+ (extreme gradient
boosting); SVM. £ # & & #L (support vector machine )
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