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[Abstract] Objective To explore the correlation between gallbladder stones and small intestinal bacterial overgrowth
(SIBO). Methods A retrospective analysis was conducted on the clinical data of 393 patients who attended the Department of
Gastroenterology of the Sixth Medical Center of Chinese PLA General Hospital from January 2021 to September 2023. They were
divided into gallbladder stones group (n=190) and control group (n=203) based on the presence of gallbladder stones. Their general
clinical data, laboratory test results, and abdominal symptoms were compared. Multivariate logistic regression was used to analyze the
risk factors for gallbladder stones. Additionally, the total population was divided into SIBO-positive group (n=239) and SIBO-negative
group (n=154), and their clinical characteristics were analyzed by logistic regression to explore the risk factors for SIBO. Results
Univariate analysis revealed that gallbladder stones group had a higher rate of age, body mass index (BMI), fasting plasma glucose

(FPG), glutaminase levels, prevalence of hypertension, diabetes, coronary heart disease, non-alcoholic fatty liver disease, gallbladder
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polyps, and SIBO, as well as a higher prevalence of CH,-positive and H,-positive in SIBO group than control group (P<0.05). In terms
of abdominal symptoms, the incidence of bad breath (48.4% vs. 35.5%), dyspepsia (38.4% vs. 28.6%), abdominal pain (30.5% vs.
14.8%), bloating (42.1% vs. 28.6%), diarrhea (20.5% vs. 7.4%), and more exhaustion (46.8% vs. 34.5%) were significantly higher in

gallbladder stones group than those in control group (P<0.05). Multivariate logistic regression analysis showed that independent
positive determinants for incident gallbladder stones were age, BMI, FPG, total bilirubin (TBIL), coronary heart disease, gallbladder
polyps, and SIBO. Univariate analysis revealed that age, prevalence of gallbladder stones, proportion of single stones, triglycerides
(TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) were significantly higher in SIBO-positive group than
those in SIBO-negative group (P<0.0S). Multivariate logistic regression analysis showed that the risk factors for SIBO were age, coronary
heart disease, and gallbladder stones, while the protective factor for SIBO was high-density lipoprotein cholesterol (HDL-C).
Conclusion There is a significant correlation between gallbladder stones and small SIBO; interventions on related factors of

gallbladder stones and small SIBO may help reduce their incidence.
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Tab.1 Comparision of clinical data between gallbladder stones group and control group
Bzt JMA (n=393) 45404 (n=203) S5414H (n=190) t/¢/Z P
AR (4, xts) 59.9410.7 58.2410.9 61.7£10.2 3244 0.001
PERIN[51(%)] 2.241 0.134
5 143(36.4) 81(39.9) 62(32.6)
& 250(63.6) 122(60.1) 128(67.4)

BMI(kg/m’, x+s) 23.67+3.51 23.14+321 24.25+3.72 3.173 0.002
AR5 (%)] 31(7.9) 13(6.4) 18(9.5) 0.554 0.457
e L (61 (%) ] 130(33.1) 56(27.6) 74(38.9) 5.723 0.017
WE RIS (51 (%)] 41(10.4) 13(6.4) 28(14.7) 7.293 0.007

TR [1](%)] 23(5.9) 6(3.0) 17(8.9) 6.395 0.011
NAELD[f51](%)] 155(39.4) 70(34.5) 85(44.7) 4320 0.038
JIHE 2 A [151] (%) 80(20.4) 30(14.8) 50(26.3) 8.058 0.005
FPG(mmol/L, ¥+s) 5.50+1.03 5.3320.80 5.68+1.21 3.346 0.001
ALB(g/L, %s) 40.62%3.30 40.52%3.16 40.74£3.45 0.646 0.518
TBIL(pmol/L, ¥+s) 13.45+5.37 13.35£5.26 13.55+5.49 0.370 0.712
DBIL(wmol/L, ¥+s) 2.80+1.28 2.7141.34 2.88+1.21 1292 0.197
TBA[pwmol/L, M(Q, Q,)] 3.50(2.15,5.75) 3.30(2.10, 5.60) 3.80(2.20, 5.85) 0.867 0.386
TG(mmol/L, X+s) 1.43%0.82 1.390.73 1.48+0.90 1.138 0.256
TC(mmol/L, %+s) 4.86%1.05 4.81£1.00 4.92%1.10 1.010 0.313
HDL-C(mmol/L, X+s) 1.36+0.34 1.37+0.34 1.35£0.35 0.503 0.615
LDL-C(mmol/L, x+s) 2.78+0.81 2.74+0.84 2.81+0.77 0.822 0.411
ALT(U/L, %+s) 20.08+14.51 19.81+14.67 20.36+14.38 0.370 0.712
AST(U/L, %£s) 21.81+9.84 21.18+7.51 22.49+11.81 1.304 0.193
GGT[U/L, M(Q,, Q,)] 19.40(14.30, 27.35) 18.00(13.50,25.70) 20.30(15.28, 30.70) 2.199 0.028
ALP(U/L, X+s) 75.63£21.19 73.98+21.05 77.39£21.24 1.599 0.111
SIBO BHHE[ 14 (%)] 239(60.8) 111(54.7) 128(67.4) 6.631 0.010
A H, B[ 1(%)] 120(30.5) 59(29.1) 61(32.1) 0.428 0.513
X CH, FHHE[#1(%)] 39(9.9) 19(9.4) 20(10.5) 0.149 0.699
CH, FHE+H, FHPE[ 5] (%) ] 80(20.4) 33(16.3) 47(24.7) 4.354 0.037
H, £ {H (ppm, x+s) 224.84+154.29 206.96+130.57 243.94+174.48 2.367 0.018
CH, &\ fH (ppm, xs) 111.74%47.63 103+26.64 121.19+61.58 3.738 <0.001
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Tab.2 Multivariate logistic regression analysis of risk factors for
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Tab.3 Comparison of clinical data between SIBO-positive group and SIBO-negative group

LD SIBO P4 (n=239) SIBO P (n=154) t/¢/Z P

IR (4, xts) 61.06+10.22 58.05+11.23 2.742 0.006
P (451 (%) ] 1.137 0.286

5 82(34.3) 61(39.6)
& 157(65.7) 93(60.4)

BMI(kg/m?, X+s) 23.7243.34 23.60+3.77 0.335 0.738
WA (4571 (%)) 22(9.2) 9(5.8) 1.456 0.228
fR ML (461 (%) ] 76(31.8) 54(35.1) 0.451 0.502
BHIRE [ 51(%)] 30(12.6) 11(7.1) 2.933 0.087
b [ (%) ] 12(5.0) 11(7.1) 1.729 0.188
NAFLD[#(%)] 98(41.0) 57(37.0) 0.625 0.429
JEAE A (491 (9) ] 48(20.1) 32(20.8) 0.028 0.867
NHAELE A7 [ (%)] 128(53.6) 62(40.3) 6.631 0.010
PR EEAT[1(%)] 52(21.8) 23(14.9) 6.831 0.033
JHA RN (em, ) 0.95+0.82 0.88+0.62 0.571 0.569
FPG(mmol/L, ¥+s) 5.54+1.11 5.42+0.90 1132 0.259
ALB(g/L, X+s) 40.50+3.29 40.8243.32 0.949 0.343
TBIL(wmol/L, %+s) 13.76%5.67 13.25+5.16 0.921 0.358
DBIL(jLmol/L, X+s) 2.82+1.31 2.79+1.26 0.219 0.827
TBA[pwmol/L, M(Q,, Q)] 3.40(2.20, 5.40) 3.70(2.10, 6.00) 0.540 0.590
TG(mmol/L, X+s) 1.58+0.98 1.33+0.67 2.777 0.006
TC(mmol/L, %+s) 5.07+1.08 4.74£1.01 3.081 0.002
HDL-C(mmol/L, X+s) 1.34+0.34 1.40+0.34 1.485 0.138
LDL-C(mmol/L, X+s) 2.90+0.82 2.69+0.78 2.561 0.011
ALT(U/L, Xs) 20.75+17.00 19.64+12.67 0.739 0.460
AST(U/L, %s) 21.85+10.58 21.76+8.58 0.085 0.932
GGT[U/L, M(Q, Q,)] 18.50(14.30, 26.50) 20.55(14.20,29.13) 0.871 0.384
ALP(U/L, %+s) 75.97421.34 75.41+21.13 0.257 0.797
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45 JRUE: B o PR 727
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Yy 2 A R 25 L S O AR L 9 XU P 3
FR LR . Remely 552 & B, MS BBEFFAEALE
RAESLIY , 31X 1T fE -5 B 1 Gk e A 2 A K 240 B %o
ZIHEE W B RN . ARV, Rk
BMI, IR 245 HAE 25 A S7 M 06 o Xt 5 R A
WFFE 45—, U Chen ZEP R 1 MS 55 IH 4 45 11 %5
PIAEE, 4E8 . PEW). BMI. EbE. @555 MS 11G
e R RAFTER 2, AL A 1 B il iy . A
JELE R, HDL-C /K- T & SIBO IR TR &K .
Sihr F, HDL-C /& MS B & E N £ 22—, 1
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Tab.4 Comparison of abdominal symptoms between gallbladder

stones group and control group [1(%)]

i

A4l

a5 (r=190) (r203) £ T

Il ek 92(484)  72(355) 6772 0.009
Y T 22 21(11.1)  17(84) 0.806  0.369
WES L FTIE 68(35.8)  55(27.1) 3451  0.063
HIEA R 73(38.4)  58(28.6)  4.285  0.038
By, IR 56(29.5)  46(22.7) 2371  0.124
J 9 58(30.5)  30(14.8) 14.006 <0.001
Hkz 89(46.8)  70(34.5) 6223 0013
JiE ik 80(42.1)  58(28.6)  7.890  0.005
BHECRYR. R 24(12.6)  20(9.9) 0.763  0.383
HPRJ5E 43(22.6)  39(192)  0.695  0.404
RUSTINNLEAIT 23(12.1)  23(11.3) 0057 0811
{5 47(247)  37(182) 2475  0.116
R S IIE S8 & 26(13.7)  19(9.4) 1.810 0.178
55 39(20.5)  15(7.4) 14291 <0.001
fERREL . SRk, i 46(242)  43(212) 0514 0474

x5  Z KK logistic M3 4T SIBO ALK K R

Tab.S Multivariate logistic regression analysis of risk factors for
SIBO

A B SE  Waldy? OR (95%CI) P

AR 0.030 0011 8208 1.031(1.010~1.052) 0.004
HDL-C -1.107 0350 10.031 0.330(0.167~0.656) 0.002
S 1139 0472 5830 3.123(1.239~7.870) 0.016

Jilik Eara 0.585 0223  6.895 1.795(1.160~2.778)  0.009
SIBO. /Npa i )8 45 1< 5 HDL-C. 2 % 3 i 2 1 I [

HHFsE4EH, SIBOEINE B AL ERHEE, H
Jor T8 A A S HL = ] BE i LA [ 4 AR I R RERY

ARG, SAEgEa AL, 45aH s
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AIRE R R RS2 4 RS B s e, M &
F = ek Z S, T IE R E R AR, MmfE
fRESAER A & A . A4, H KRS MRS IS
HFR LI, HURR H, K F-5107 TG, LDL-C KAtk
{5 %% B2 B8 7K 14 E & B (VLDL-C) /K E SR EAH G, 5
HDL-C K2 A, AR A, HELsa
BERN LA TR £, e H R R AE N A
Wz —, HATHBUIT R # R S X 2R
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