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Abstract: Objective The clinical symptoms and ultrasound images of gallstone disease (GSD) and gallbladder polyps (GP)
overlap, yet they have distinct prognoses and management strategies. Misdiagnosis can lead to excessive or delayed interven-
tion. This study aims to develop and validate a differential diagnostic model based on multidimensional clinical indicators to en-
hance the differentiation between GSD and GP. Methods We included 371 518 individuals from health check-ups at a hospital
in Kaizhou District, Chongqing, from 2015 to 2020, selecting 24 307 GSD or GP patients. These were split into a training set
(19 445 cases) and an internal validation set (4 862 cases) at an 8:2 ratio. Variables were selected using Lasso regression and
XGBoost algorithm, and a diagnostic model was built with Logistic regression. The model’s calibration, discrimination, and
clinical applicability were evaluated using the calibration curve, the area under the ROC curve (AUC), and decision curve anal-
ysis, respectively. For external validation, 14 341 GSD and GP patients undergoing health checkups during the same period at a
hospital in the Liangjiang New Area, Chongqing, were included to assess the model’s discriminative performance. Results

Women, older individuals, those with high BMI, central obesity, elevated GGT and ALT levels, high blood glucose levels, and
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fatty liver were more likely to be diagnosed with GSD. Individuals with high HDL-C and LDL~C levels were more likely to have
GP. The model demonstrated good calibration and discrimination, with an ROC AUC of 69.4% (95% CI. 67.8%—70.9%). Deci-

sion curve analysis further indicated that the model had good clinical applicability, and external validation further confirmed its

discriminatory performance. An online tool (https://yitingxul29.shinyapps.io/logisticmodel/) was created to aid in differentiating

GSD and GP. Conclusion This study shows that gender, age, BMI, and blood biochemistry indicators are valuable in differenti-

ating GSD and GP. The developed model has good predictive performance and clinical applicability and is expected to assist ra-

diologists in making accurate differential diagnoses of GSD and GP, reduce misdiagnoses, and lower the disease burden.
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Figure 1 Workflow of differential clinical factors exploration, model construction, and validation
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Table 1 Baseline characteristics of subjects

ity 53 1K GSD (%) IR A (%) PRI Pia
PE5 Ll 3 523(47.49) 10 927(64.70) 663.06 <0.001
Lotk 3 896(52.51) 5961(35.30)
B (S <40 1 328(17.90) 4659(27.59) 626.42 <0.001
41~ 60 4 521(60.94) 10 461(61.94)
>60 1570(21.16) 1768(10.47)
BMI(kg/m?) <185 95(1.28) 302(1.79) 447.83 <0.001
18.5~23.9 2 573(34.68) 7 723(45.73)
24 ~27.9 3359(45.28) 7 108(42.09)
=28 1392(18.76) 1755(10.39)
VA& A9 EH 2307(31.10) 8 456(50.07) 751.46 <0.001
P AR 5 112(68.90) 8 432(49.93)
MEK P 1EH 5 660(76.29) 14 604(86.48) 415.88 <0.001
Tt i Az 45 898(12.10) 1350(7.99)
WERR 861(11.61) 934(5.53)
BT PN 4 434(59.77) 12 242(72.49) 386.86 <0.001
Ba 2 985(40.23) 4 646(27.51)
I=g57a) P S 7 118(95.94) 16 161(95.70) 0.72 0.396
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(Z:3%)
izt I3 1K GSD (%) HEERIA (%) CIZAE Py
BE 301(4.06) 727(4.30)
[=IVAS R 4 953(66.76) 2 739(75.43) 195.23 <0.001
A 2 466(33.24) 4149(24.57)
ALT(IU/L) <42.00 6 339(85.44) 14 673(86.88) 9.02 0.003
=42.01 1 080(14.56) 2215(13.12)
AST(IU/L) <42.00 6 926(93.35) 16 082(95.23) 35.36 <0.001
=42.01 493(6.65) 806(4.77)
GGT(IU/L) <50.00 5786(77.99) 13 869(82.12) 56.67 <0.001
=50.01 1633(22.01) 3019(17.88)
JUBT( . mol/LL) <59 2 142(28.87) 3400(20.13) 234.96 <0.001
59.01 ~ 104.00 5 080(68.47) 13 114(77.65)
=104.01 197(2.6) 374(2.21)
it =7 (mmol/L) <04 8(0.11) 13(0.08) 109.08 <0.001
04~1.72 4 426(59.66) 11 250(66.62)
>1.73 2 985(40.23) 5625(33.31)
IR (mmol /L) <3.1 78(1.05) 141(0.83) 33.30 <0.001
3.1-5.6 5462(73.62) 13 009(77.03)
=57 1 879(25.33) 3738(22.13)
HDL~C(mmol/L) <0.9 289(3.90) 594(3.52) 18.71 0.058
0.9~2.0 6 895(92.94) 15 570(92.19)
>2 235(3.17) 724(4.29)
LDL-C(mmol/L) <2.07 1191(16.05) 2 849(16.87) 12.28 0.002
2.07 ~3.10 4 416(59.52) 10 253(60.71)
>3.10 1 812(24.42) 3786(22.42)
ALP(IU/L) <114.00 6 155(82.96) 14 797(87.62) 93.52 <0.001
=114.01 1264(17.04) 2091(12.38)
1ML FK 25 (mmol/1) <8.30 7 164(96.56) 16 401(97.12) 5.15 0.023
=831 255(3.44) 487(2.88)
LR R (pmol/L) <428 6 197(83.53) 13 919(82.42) 4.37 0.036
>428 1222(16.47) 2969(17.58)
R F(g/L) <25 148(1.99) 447(2.65) 28.21 <0.001
25.01 ~ 38.00 7 175(96.71) 16 320(96.64)
>38.01 96(1.29) 121(0.72)
kL <12 296(3.99) 344(2.04) 77.53 <0.001
1.21~2.50 7 123(96.01) 16 542(97.95)
=251 0(0) 2(0.01)
H IR E  (ng/L) <10.50 7 166(96.59) 16 385(97.02) 3.05 0.081
=10.51 253(3.41) 503(2.98)
FE BT (ng/L) <520 7 383(99.51) 16 825(99.63) 1.33 0.248
=521 36(0.49) 63(0.37)
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HL LASSO [EIE 7R B % il o5 BMIKCSE HRu e
J’E 5 HDL-C . H i =5 \AST .GGT . Ik Lt . 5 i A
IS FE AR AR Y BTHR 15 s XGBoost /R B ik +a
Froh, 4ERE 41 ~60 % ALP=114.01 TU/L . LDL-C >
3.1 mmol/LL. . ILDL-C & 2.07 ~ 3.1 mmol/L.. &IMJE . JIg§
Ji I LR 2 = 428.01 pmol/L 2548 hnt 2 1 T 81

Tk, (HEER LR 1.21 ~ 2.50 FCRAME, WWE 3, 454
LASSO [8]155 XGBoost 455 , 5 2435 4 51 A
BMI B LU A9 | il A K7 IR D5 s i .GGT i
M =& AST . ALP HDL-C .LDL-C . IfiL /R iR , 9 A 22 [H]
& logistic [AITAIRIFG HEFMALAY , X AHZE 43 FIH 2
BT R RNZ W

ZINE logistic [PIHFRIZER R, L (OR=2.61,
95%CI: 2.43 ~ 2.79) AEH 41 ~ 60 % (OR=1.30, 95%Cl:
1.21 ~1.41), >60 % (OR=2.53, 95% CI:2.28 ~2.80).
BMI =28 kg/m%(OR=1.53, 95%CI: 1.18 ~ 1.99)  tJ.0» it
J’E (OR=1.23, 95%CI: 1.15 ~ 1.32).GGT =50.01 IU/L
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(OR=1.27, 95% CI: 1.17 ~1.38) ,ALP =114.01 ITU/L
(OR=1.14, 95%CI: 1.05 ~ 1.24) Wi i %
95%CI: 1.22 ~ 1.47) M IRS%E (OR=1.71, 95%CI: 1.53 ~
1.90) IR Wi BF(OR=1.47, 95%CI: 1.36 ~ 1.58) A\ H & i
] F o2 Wi o g 4, i HDL-C >2 mmol/L(OR=

51 (OR=1.34,

0.67, 95% CI: 0.54 ~ 0.84).LDL-C =2.07 mmol/L(OR=
0.84, 95%CI: 0.76 ~ 0.92)(1) F & H it [a] T #1287 W AR
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Figure 3 SHAP analysis of feature contributions in the XGBoost

model
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Figure 4 Nomogram of the predictive model
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Table 2 Multivariable logistic regression analysis

izt 32 1K BREE A1 (%) GP(%) OR {8 (95% CI) PiA

PEHI Bk 3 523(47.49) 10 927(64.70) 2%l
Ltk 3 896(52.51) 5961(35.30) 2.61(2.43 ~ 2.79) <0.001

() <40 1 328(17.90) 4659(27.59) S
41 ~ 60 4521(60.94) 10 461(61.94) 1.30(1.21 ~ 1.41) <0.001
>60 1570(21.16) 1768(10.47) 2.53(2.28 ~ 2.80) <0.001

BMI (kg/m?) <185 95(1.28) 302(1.79) E =
18.5~239 2 573(34.68) 7 723(45.73) 0.92(0.72 ~ 1.17) 0.477
24~279 3 359(45.28) 7 108(42.09) 1.15(0.90 ~ 1.48) 0.264
=28 1392(18.72) 1755(10.39) 1.53(1.18 ~ 1.99) <0.001

IR L] 1EH 2307(31.10) 8 456(50.07) S
AT 5 112(68.90) 8 432(49.93) 1.23(1.15 ~ 1.32) <0.001

GGT (IU/L) <50.00 5786(77.99) 13 869(82.12) e
>50.00 1 633(33.01) 3010(17.88) 1.27(1.17 ~ 1.38) <0.001

HIh =g (mmol/T.) <04 8(0.11) 13(0.08) ZHAA
0.4-1.72 4 426(59.66) 11 250(66.62) 0.52(0.21 ~ 1.28) 0.154
>1.72 2 985(40.23) 5625(33.31) 0.58(0.23 ~ 1.44) 0.238

HDL-C (mmol/L) <09 289(3.90) 594(3.52) 2%l
0.9~2.0 6 895(92.94) 15 570(92.19) 0.98(0.84 ~ 1.14) 0.763
>20 235(3.17) 724(4.29) 0.67(0.54 ~ 0.84) <0.001

LDL~C (mmol/L) <2.07 1 191(16.05) 2 849(16.87) E =
2.07 ~3.10 4416(59.52) 10253(60.71) 0.90(0.83 ~ 0.98) 0.016
>3.10 1812(24.42) 3786(22.42) 0.84(0.76 ~ 0.92) <0.001

AST(IU/L) <42.00 6 926(93.35) 16 082(95.23) =0
>42.00 493(6.65) 806(4.77) 1.12(0.99 ~ 1.28) 0.071

ALP(IU/L) <114.00 6 155(82.96)) 14 797(87.62) E Al
>114.00 1264(17.04) 2091(12.38) 1.14(1.05 ~ 1.24) 0.002

IfiL /K 2 (pmol/L) <428.00 6 197(83.53) 13 919(82.42) 2% (H
>428.00 1222(16.47) 2969(17.58) 1.06(0.97 ~ 1.15) 0.188

IMLHEK P 1EH 5 660(76.29) 14 604(86.48) B
Tt i 3240 898(12.10) 1350(7.99) 1.34(1.22 ~ 1.47) <0.001
B DRI 861(11.61) 934(5.53) 1.71(1.53 ~ 1.90) <0.001

B T FH 4 434(59.77) 12 242(72.49) e
AT 2 985(40.23) 4646(27.51) 1.47(1.36 ~ 1.58) <0.001

To I K 4953(66.76) 2739(75.43) 2% (H
B 2 466(33.24) 4149(24.57) 1.06(0.99 ~ 1.13) 0.121

2.3 BEA WG A ARG IE  TEARE BE VR
1, AR A5 R R, TR TE I ZRAE (N ERYS UEAE M
SRR, REh IS 45 EEXHA L2 LT
AR, R o v af i s, WLl 5A (CLE,
FEX A3 RE SV J7 1T, I ZRAE AR b Tt DU A 28 7Y
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