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[ ABSTRACT ] Aim To construct and deploy an internally validated model for predicting the risk of carotid athero-
sclerosis (CAS) in physical examination populations on the shinyapps. io web platform, based on screening for the optimal
machine learning algorithm model. Methods Retrospectively collected data from 4 096 subjects who underwent physi-
cal examinations at the Physical Examination Center of the First Hospital of Hebei Medical University from January to De-
cember 2024.  Using simple random sampling, the sample was divided into a training set (3 072 cases) and a validation
set (1 024 cases) in a 3 : 1 ratio.  The distribution of the outcome variable was balanced between the two groups
(45.02% in the training set, 44. 73% in the validation set, P=0.561). General information, physical examination in-
dicators, lifestyle indicators, blood routine indicators, liver and kidney function indicators, and medical history of the sub-
jects were collected. ~ LLASSO regression analysis (with optimal lambda value selected via 10-fold cross-validation) was
used to screen for the best predictive factors, which were then incorporated into various machine learning algorithms ( Logit,
GNB, DT, RF, XGBoost, SVM, KNN, Bagging). Grid search and cross-validation were employed to optimize the hy-
perparameters of each model.  Multiple model ROC curves were plotted to select the algorithm with the best performance.
The SHAP package was used to evaluate the contribution of each predictive factor to the model’s prediction results.  Cali-
bration curves of different machine learning algorithms were plotted for performance comparison, and the accuracy of each
model was calculated. DCA curves were plotted to further validate the performance of the optimal machine learning algo-
rithm.  Finally, the selected optimal machine learning algorithm, XGBoost, was deployed on shinyapps. io. Results
In the training set, LASSO regression analysis identified gender, age, history of diabetes, history of hypertension, history
of coronary heart disease, aspartate aminotransferase, body mass index, waist circumference, large platelet ratio, smoking,
systolic blood pressure, white blood cell count, neutrophil count, atherosclerosis index, and high density lipoprotein cho-
lesterol as factors influencing carotid artery stenosis (CAS).  No multicollinearity was observed among variables (all VIF
values<10). In the training set, XGBoost demonstrated the best performance, with AUC (95% CI) , accuracy, sensitivi-
ty, specificity, Fl-score, negative likelihood ratio (NLR) , and positive likelihood ratio (PLR) for predicting CAS risk be-
ing 0. 870 (0.857 ~0.883, P<0.001), 78.3% , 80.2% , 76.7% , 0.769, 0.258, and 3.446, respectively. In the
validation set, XGBoost also performed best, with AUC (95% CI) , accuracy, sensitivity, specificity, F1-score, NLR, and
PLR of 0.909 (0.890 ~0.928, P<0.001), 82.5% , 82.3% , 82.7% , 0.808, 0.214, and 4. 754, respectively. Ad-
ditionally, XGBoost had the smallest standard deviation in AUC.  SHAP analysis revealed that age contributed the most to
the model’s prediction of CAS risk, followed by systolic blood pressure.  Calibration curves showed that the XGBoost
model had a Brier score of 0.1831, which was comparable to the SVM model with the best calibration performance
(0.1822), and its curve closely aligned with the ideal reference line across the entire probability range.  Considering its
optimal discriminative ability and clinical net benefit, this model exhibited the best overall performance.  Clinical decision
curves indicated that the XGBoost model provided clinical net benefit across a wide range of risk thresholds. In the train-
ing set, a web-based calculator for predicting CAS risk was developed based on the XGBoost model and deployed on shin-
yapps. io.  The optimal cutoff probability for the model’s predicted risk ( determined by maximizing Youden’s index) was
44.11% . Two subjects from the latest physical examination population were selected, and their relevant information was
input into the web-based calculator.  The results showed CAS risk probabilities of 66.33% and 11.41% for the two sub-
jects, both falling within the risk threshold probability range, preliminarily demonstrating the clinical application potential
of this calculator. Conclusions This study incorporated relatively comprehensive indicators for CAS risk and success-
fully developed an accurate, high-performance, practical web-based CAS risk prediction calculator based on the XGBoost
model. Tt should be noted that this study was a cross-sectional design; the constructed model was only for assessing CAS
prevalence risk and lacks the ability for future prediction over time.  Future multi-center, prospective studies are needed
to validate the model’s generalizability and predictive performance.
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model

20 3 ik 95 £ A8 AL ( carotid atherosclerosis, CAS) A R, Hoa e B K e ] P 4R JORE RS, &
ST R A S BRI B IR AR TR T IR IS KB B ko A AR AR B B, B



CN 43-1262/R " [ sl ik hififb 24 7 2026 455

34 B

9 899

AR EEFRR ST R —T0 Meta 237 i
TN, AR CAS BRI 27% , BORBER LLRAE N
7, HLEBR R AR 8 1K T 5,80 % LU AN
R 20 3 ik PR A I JEE B (carotid  intima-media
thickness, CIMT ) 34 fill (1) 52 95 28 &5 3k 92. 7% B4 |
CAS 254t 23 R UTEE 1Y B T 4, PR L 75 &k E
I e A58 A A O e T ) s i) DAL 2 T ol A
TR A ms BHKT CAS &/, DAL FRAE CAS F2EH It &
HE KO 145 5 9% ( cardiovascular disease, CVD) ) &
AR LN,

22 PRI CIMT 2 A7 CAS S AR R 1Y
AEEREAR T 2000 4EE 4 T EFA NI TR
FWHCY % 14 07 (HZEARMERE A
Tl 5N A PR 2 R A, 290 30 ok 223 0 7 K A I F R
B Az H | JCEE 2 CVD BB A 10 oK ; T
HESR EAT 22 WF 5 A AT R AR 6 T4, A I 56 0F
T CAS KA KU Tl A 512 E A i 5% 2 oK i
TP B2 2 S M B X LU U 8 SR AR AR A, T3 CAS
A IS R P AR B SR 2, SRR R N B TRk K
A A TR e i AR, TR L AR 20 48 3R B TR v R

AR SR CAS BUASHER,

H A, XA AT CAS LA 2% > B A5
545 R L AR FEIAAN A Logit ,GNB DT . RF . XG-
Boost .SVM . KNN Bagging 3t 8 FlifJ|#52% >J F 781 Jf Ji2
PEREXT Lb , 7 26 4 BE S5 D0 AL, -4 £ 4 119
P28 R CAS IXUBS: PRI 5385 , by J 5 i R 2 A 1oz
P T H LA

| AR

1.1 WRIFH

P 2024 £ 1 A F 2024 45 12 A AT E R
REFF— BRSO E LR 4096 7k F %
RHE,TEXREH O TREET RS L=
ENLEHRESE MXAHEALER BTHA
AAXE, XKARA L EHRXFERNHATOT L IE,
TEHA AT I0% WFEREEHR, L b
7 10% AW B & & KR LR ARG bk #h 2 Bk,
WAFEIN 4006 Bl ES ABE(EL),

S e
BRI MEE 1986 A
B 2 558
£t 107
i s 21301
&R Z R K >10%E 1 042@
HETR A LA 7L 2 7 0 3 42201 1 e 0O
AR
IGiE & (n=1 024) %% (n=3 072)
SR SIS R %l RALASSO

kvt e iwar s
] sAHIEE Bl A ] B s ML SR
pay s S Al IO i BRROCHE ||  EmEEmE e % 2

AN

E TR MEEXGBoostH 3 T R

15 MRS ERE B shinyapps.io M 4%

B 1. ARMNFUNSHBRTRER

Figure 1. Flowchart of participant inclusion and exclusion
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Table 1. Baseline characteristics of the training and validation sets
Sy Y (n=3 072) ISUFAE (n=1 024) % 'a P
i/ % 57.47+12.12 57.49£11.96 0. 046 0.964
BMI/ (kg/m*) 24.26+3.24 24.153. 12 -0.957 0.339
[ R/ cm 84.42+10.09 84.02+9.72 -1.090 0.276
Wi 45 5/ mmHg 125.93+18.98 125.27+17.55 -1.024 0.325
#71k K/ mmHg 80.12+10.95 79.80+10.71 -0.819 0.413
8%/ (mmol/L) 5.73+1.22 5.77+1.34 0.873 0.382
PRER/ ( umol /L) 332.19+86.01 332.41+88.43 0.072 0.943
WLEFE 4%/ (mL/min) 96.99+26.79 96.98+26. 88 -0. 009 0.993
Him =&/ (mmol/L) 1.55+1.09 1.54+0.98 -0.266 0.79
HDLC/ ( mmol/L) 1.34+0.28 1.35+0.28 0.742 0.458
HEF/ (g/L) 43.63£2.29 43.59+2.36 -0.495 0.62
BREA/ (/L) 29.39+3.33 29.31+3.30 -0. 642 0.521
ALT/(U/L) 21.16+14.86 21.40+14. 63 0.527 0. 648
AST/(U/L) 23.26+8.96 23.43+8.41 0.456 0.599
[a) 2B 4T %/ (mmol /L) 12.78+4.85 13.01+5.03 1.328 0.184
HAZEMEL £/ (mmol/L) 2.35+0.91 2.37+0.99 0.739 0.746
E 45 (x10° L) 6.00x1.57 5.90+1.46 -1.0877 0.061
Kl /MR B % 27.03+7.05 27.33+7. 14 1.181 0.238
R (x10° L) 0.31£0.10 0.3120.10 -0.691 0.49
e B (x10° L) 1.97+0.59 1.97+0. 63 -0.135 0.893
MG E (x10° L) 239.83+57. 64 240.98+74. 00 0.514 0. 608
ML/ 53 A7 FE BE/ % 11.86+1.89 11.94+1.96 1.232 0.218
R AL (x10° 1Y) 3.45+1.07 3.46+1.12 0.066 0.947
S BKRE LS 5L 2.91+0.90 2.92+0.93 0.126 0.9
BH/[ (%) ] 1 453(47.30) 486(47.46) 0.003 0.957
VPRI /[ (% ) ] 215(7.00) 86(8.40) 2.009 0.156
RS/ (B (%) ] 713(23.21) 228(22.27) 0.335 0.563
FE IR ME S/ [ 1) (% ) ] 341(11.10) 127(12.40) 1.161 0.281
SR/ [ (% ) ] 207(6.74) 61(5.96) 0. 644 0.422
WA s/ [ (% ) ] 436(14.19) 94(9.18) 16. 690 <0.001
Yl s/ [ (% ) ] 859(27.96) 287(28.03) <0.001 1
CAS/[ (% ) ] 1383(45.02) 458(44.73) 1.096 0.561
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Figure 2. LASSO regression coefficient plot and cross-validation plot
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% 2. LASSO [)3EE RZH &R E lambda &
Table 2. LASSO regression variable coefficients and

the optimal lambda value

A EE R lambda. 1se
AR 0.081 800 503 0.009 215 17
BMI 0.006 859 051

JEE ] 0. 004 496 147

W & 0.016 049 306

HDLC -0.380 161 630

AST 0.001 644 575

BE:)ir g 0.137 815 023

K/ L 0.002 348 829

FF R 20 B -0.107 149 606

Sk A Ak 4 %L 0.083 475 380

3] 0.247 867 960

BE PRI 0.331 010 738

o I 5 0.183 641 261

JER N 0. 105 503 213

2 A 2 0.585 030 308
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subsample = 0. 8, colsample _ bytree = 0. 8, gamma =
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Table 3. Multicollinearity test of the 15 variables
selected by LASSO regression

A R? VIF

P 0.448 1.811
LB 0.325 1.482
Wi IRI 0.085 1.093
T IR S 0.255 1.342
SO S 0.167 1.200
AST 0.051 1.054
BMI 0.747 3.949
JVEE PRl 0.803 5.081
KL/ LA 0.022 1.023
W2 A S 0.212 1.270
W4 e 0.374 1.598
SE a8 0.596 2.472
R R v 1] IR 0.583 2.400
ki fbde £ 0.349 1.535
HDLC 0.410 1.695
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Figure 3. Comparison of multi-model ROC curves
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Table 4. Performance comparison results of various machine learning models in the training set
St AUC(95% CI) i ES RIGE Fi5 F1 NLR PLR
Logit 0.825(0.810 ~0.840) 0.740 0.792 0.697 0.732 0.299 2.612
GNB 0.784(0.767 ~0.801) 0.717 0.776 0.669 0.712 0.335 2.344
DT 0.847(0.833 ~0.861) 0.765 0.803 0.734 0.755 0.269 3.019
RF 0.818(0.803 ~0.833) 0.741 0.766 0.721 0.727 0.325 2.740
XGBoost 0.870(0.857 ~0.883) 0.783 0.802 0.767 0.769 0.258 3.446
SVM 0.810(0.794 ~0.826) 0.742 0.722 0.758 0.716 0.366 2.983
KNN 0.852(0.838 ~0.866) 0.764 0.790 0.743 0.751 0.283 3.073
Bagging 0.815(0.799 ~0.831) 0.735 0.758 0.716 0.718 0.353 2.820
RS WIEEHEINRF KRB ERER ELER
Table 5. Performance comparison results of various machine learning models in the validation set
St AUC(95% CI) HiTTES RIGSE R 5 F1 NLR PLR
Logit 0.803(0.775 ~0.831) 0.737 0.745 0.731 0.717 0.349 2.772
GNB 0.772(0.743 ~0.801) 0.727 0.688 0.758 0.692 0.412 2.841
DT 0.871(0.848 ~0.894) 0.795 0.710 0.864 0.756 0.336 4.216
RF 0.822(0.795 ~0.849) 0.763 0.718 0.799 0.730 0.353 3.566
XGBoost 0.909(0.890 ~0.928) 0.825 0.823 0.827 0.808 0.214 4.754
SVM 0.805(0.777 ~0.833) 0.742 0.751 0.735 0.723 0.339 2.834
KNN 0.862(0.838 ~0.886) 0.787 0.823 0.758 0.776 0.233 3.401
Bagging 0.880(0.858 ~0.902) 0.786 0.799 0.776 0.783 0.244 3.931

1 BAPEAUSR LE ( negative likelihood ratio, NLR) , 0B #RE3T O, 16 AR T HE BR 90 A9 BE J7 8858 ; BHAE ALK EE (positive likelihood ratio, PLR) ,
A K A 0 i DA B0 AR RE 0 A I PR 3 K NLR<0. 3 PLR>3 /E M AR B PE BE T 232 B4R e, F1 NS B3R5 0 0] 3 5 )8 Ao 35

318NN F1 =2xPrecisionxRecall/ ( Precision+Recall ) , BUEL T FE R 0 ~ 1, BO(E#E =r Ud PR R 255
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Figure 4. Standard deviation chart
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