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Abstract: Objective To investigate the association of liver fibrosis scores and inflammation markers with gallstones in patients
with metabolic dysfunction-associated fatty liver disease (MAFLD) , as well as the mediating role of liver fibrosis scores in the
relationship between inflammation markers and gallstones. Methods A total of 14 567 patients who received physical examination
and were diagnosed with MAFLD in Subei People’ s Hospital from January 2014 to June 2023 were entolled in this study, and
according to the results of abdominal color Doppler ultrasound, they were divided into gallstone group with 1 724 patients and non-
gallstone group with 12 843 patients. Related clinical data were collected from all patients, including demographic data, medical
history, family history, physical examination, Color Doppler ultrasound, and biochemical parameters. The biomarkers associated
with metabolic disorders and insulin resistance included triglyceride-glucose index (TyG) , TyG-body mass index (BMI) index,
atherogenic index of plasma (AIP) , and non-high-density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio
(NHHR) ; the biomarkers associated with inflammation and nutritional status included neutrophil-to-lymphocyte ratio (NLR) ,
neutrophil percentage-to-albumin ratio (NPAR) , and monocyte-to-lymphocyte ratio (MLR) ; the biomarkers for assessing liver
fibrosis degree and liver function included albumin-bilirubin (ALBI) score, NAFLD fibrosis score (NFS), fibrosis-4 (FIB-4)
index, and aspartate aminotransferase-to-platelet ratio index (APRI). The independent-samples ¢ test was used for comparison of
normally distributed continuous data between two groups, while the Mann-Whitney U test was used for comparison of non-normally
distributed continuous data between two groups ; the chi-square test was used for comparison of categorical data between two groups.
Multivariate Logistic regression analysis, restricted cubic spline analysis, and mediating effect analysis were used to assess the
association of liver fibrosis markers and inflammation markers with the risk of gallstones. Results The prevalence rate of
gallstones was 11.8% among the MAFLD patients. There were significant differences between the gallstone group and the non-
gallstone group in sex, age, smoking history, diabetes, hypertension, lymphocytes, platelets, glucose, albumin, serum uric
acid, alanine aminotransferase, aspartate aminotransferase, red blood cell, NLR, NPAR, MLR, NFS, FIB-4 index, and ALBI
score (all P<0.05). The multivariate Logistic regression analysis showed that NLR (odds ratio [OR]=1.091, 95% confidence
interval [CI]: 1.028—1.160, P<0.05), NPAR (OR=1.073, 95%CI: 1.042—1.105, P<0.05), MLR (OR=1.142, 95%ClI:
1.057—1.232, P<0.05), NFS (OR=1.239, 95%CI: 1.190—1.291, P<0.05), and FIB-4 index (OR=1.326, 95%CI: 1.241—
1.417, P<0.05) were influencing factors for the prevalence rate of gallstones. The restricted cubic spline analysis showed a
significant non-linear association between NFS/FIB-4 index and the risk of gallstone (non-linear P<0.05). The mediating effect
analysis further showed that the association of NLR, MLR, and NPAR with gallstones was partially mediated by NFS or FIB-4
index, with a mediating effect accounting for 36.79% . 28.09% . 29.67% and 18.31%.17.70.11.57%, respectively. Conclusion

NFS and FIB-4 index have a non-linear association with the prevalence rate of gallstones in MAFLD patients, and they also mediate

the association of NLR, NPAR, and MLR with the risk of gallstone.
Key words: Metabolic Dysfunction-Associated Fatty Liver Disease ; Biomarkers; Gallstones
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Table 1 Comparison of baseline characteristics between gallstone group and non-gallstone group in MAFLD patients

WiH RRZEA 2 (n=1724) EZE A4 (n=12 843) ESNARIE) P1H
P51 (%) ] X=21.371 <0.001
5 1213(70.4) 9778(76.1)
7 511(29.6) 3065(23.9)

AEW () 53.48 +12.88 4755+ 13.14 1=17.877 <0.001
BMI(kg/m?) 26.62+2.91 26.61+3.04 1=0.159 0.872
WA 2 (451 (%) ] 381(22.1) 2238(17.4) X=22.517 <0.001
Wi 41 (%) ] 518(30.0) 2926(22.8) X'=44.421 <0.001
e I (491 (%) 474(27.5) 3010(23.4) X'=13.751 <0.001
WBC( x10%/L) 6.61 +1.58 6.65+1.61 1=—0.873 0.382
NE( x10°/L) 3.97+1.17 3.91+1.20 1=1.955 0.051

L( x10°/L) 2.06 +0.61 2.15+0.62 1=-5.758 <0.001
M( x 10%/L) 0.39+0.12 0.39+0.11 1=0.816 0.414
PLT( x 10°/L) 225.30+61.09 232.46 +59.80 1=—-4.581 <0.001
TC(mmol/L) 4.84+0.99 4.84+0.95 1=0.179 0.858
LDL-C(mmol/L) 3.03+0.82 3.02+0.81 1=0.435 0.663
HDL-C(mmol/L) 1.12+0.25 1.11+0.26 1=1.488 0.137
TG(mmol/L) 1.86(1.39 ~ 2.63) 1.90(1.38 ~ 2.78) 7=-1.574 0.116
Glu(mmol/L) 6.01+1.83 5.73+1.65 1=5.981 <0.001
Alb(g/L) 46.54+2.36 46.95+2.39 1=-6.816 <0.001
TP(g/L) 73.89 +3.88 73.87 +3.81 1=0.166 0.867
SUA(pmol/L) 372.28 +84.43 365.69 + 85.14 1=3.039 0.002
Ser(wmol/L) 83.15+17.13 82.77 +14.61 1=0.891 0.372
ALT(U/L) 24.00(17.00 ~ 35.00) 26.00(18.00 ~ 40.00) 7=-6.354 <0.001
AST(U/L) 21.00(17.00 ~ 26.00) 22.00(18.00 ~ 28.00) 7=-5.105 <0.001
TBil(pmol/L) 11.10(8.60 ~ 14.40) 11.00(8.40 ~ 14.40) Z=1.912 0.056
DBil( pmol/L) 4.00(3.20 ~ 5.00) 3.90(3.10 ~ 5.00) 7=0.458 0.647
RBC( x10"%/L) 4.99 +0.48 5.06 +0.47 1=-5.396 <0.001
TyG 9.82+0.63 9.79 +0.64 1=1.301 0.193
TyG-BMI 261.48 +34.19 260.83 + 35.54 1=0.736 0.462
AIP 0.52(0.14 ~ 0.97) 0.56(0.14 ~ 1.04) Z=1.919 0.055
NHHR 3.38(2.70 ~ 4.16) 3.35(2.70 ~ 4.05) Z=1.275 0.202
NLR 2.05+0.78 1.93+0.81 1=5.994 <0.001
NPAR 12.85+1.73 12,46+ 1.74 1=8.644 <0.001
MLR 0.198 *0.065 0.188 +0.063 1=5.936 <0.001
NFS -2.15(-2.98 ~ -1.21) -2.58(-3.41 ~-1.67) 7=12.939 <0.001
FIB-4 45 %k 1.03(0.74 ~ 1.47) 0.88(0.61 ~1.27) 7Z=11.681 <0.001
APRI 0.24(0.18 ~ 0.32) 0.24(0.19 ~ 0.33) 7=1.597 0.124
ALBIFF43 -3.26+0.21 -3.30+£0.22 1=6.893 <0.001

1 s MAFLD , AR5 AH S )8 5 P 7575 s BMIL, A B35 0 SUA, I JR R s L, IR EL A0 s M, BAA% 401 s NE, FR PR 40 ; PLT, 1M/ s RBC, 2140 i ;
Alb, A8 5 Ser, & WILEF s TG , H it =88 s Glu, #4555 ; LDL-C , {15 2 I8 2 1 I [ 852 HDL-C., 735 %% 3 i 8 1 IH [T 825 TBiL, SUIHAT 28 5 AST, KA %
RIS AT ; ALT, N TR AL B ALBL, 8 A -I0Z0 3 FIB-4, 2R 4EAb-4 s NFS, B VEIE W PE R £F 4 4L P43 s APRI, RACR R & IL 5675
45 10 /W U AL 55 NLR, spothr 41 45 940 B 40 HUED; NPAR, sh Mk 40 1 43 He 15 1 2 1 U AEL s ATP, 10 S kR RERE AL 38 8 TG, Hl =
il - A 2 W 50 NHHR,, A 55 28 B2 N 2 1 A 6 525 700 2 T8 0 2 1 L1 2 LU0 ; MILR, A% 40065 7k EXL 4 i L A5 TP, BB 1 s WBC, A4 5 TC,
JIH [ 2 DBl FTHEAHAT %
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Pfor overall <0.001
Pfor overall <0.001

Pfor non-linear=0.001 Pfornon-linear <0.001
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Figure 1 Restricted cubic spline curves of NFS and FIB-4 associated with gallstones

R2 ZEZELogistic BN HER

Table 2 Multivariate Logistic regression analysis results

o B W2 EE
= OR(95%CI) PAE OR(95%CI) PAE OR(95%CI) P

NLR 1.168(1.104 ~ 1.237) <0.001 1.097(1.037 ~ 1.161) 0.001 1.091(1.028 ~ 1.160) 0.002
NPAR 1.134(1.102 ~ 1.167) <0.001 1.079(1.046 ~ 1.114) <0.001 1.073(1.042 ~ 1.105) <0.001
MLR 1.251(1.162 ~ 1.345) <0.001 1.152(1.065 ~ 1.244) <0.001 1.142(1.057 ~ 1.232) <0.001
ALBIL#-43 1.084(1.059 ~ 1.110) <0.001 1.022(0.992 ~ 1.053) 0.157 1.011(0.986 ~ 1.037) 0.375
NFS 1.279(1.227 ~ 1.334) <0.001 1.260(1.213 ~ 1.308) <0.001 1.239(1.190 ~ 1.291) <0.001
FIB-4 354 1.367(1.281 ~ 1.459) <0.001 1.346(1.252 ~ 1.447) <0.001 1.326(1.241 ~ 1.417) <0.001

1 FIB-4, 7 4 4k-4; NFS, AREAS PEAS W PE PG 2T 4E AL T4 5 ALBI, (2K 1 -IHZT 28 NLR , P vk 240 M 45 6 B 40 HE s NPAR., Hr s 4 i &
I3 HS A R MR, B 40 5 0 R 40 U AEL; OR , FUAELEE 5 95%CT,95% 8 {5 IX ] .

%3 NFS5FIB-435#7E R MEfE 4R 5 BB 45 A LB A9 Fh A iz
Table 3 Mediating effects of NFS and FIB-4 indices on the association between inflammatory markers and gallstones
A SRR AP RN R (95%CT) X BAEBUN - (95%CT) WU (95%CT)  hA 51V (95%CT)  PE
NPAR

NFS 0.001(0.001 ~ 0.002) 0.002(0.002 ~ 0.003)  0.003(0.003 ~0.005) 29.67(21.42 ~41.06) <0.001

FIB-4 8%k 0.000(0.000 ~ 0.001) 0.003(0.003 ~ 0.004)  0.003(0.003 ~0.005) 11.57(7.76 ~ 17.23)  <0.001
NLR

NFS 0.005(0.004 ~ 0.007) 0.008(0.003 ~0.014)  0.013(0.009 ~ 0.021) 36.79(24.91 ~ 66.22) <0.001

FIB-4 5%k 0.003(0.002 ~ 0.004) 0.011(0.007 ~0.020)  0.013(0.009 ~ 0.021) 18.31(11.92 ~30.03) <0.001
MLR

NFS 0.110(0.087 ~ 0.141) 0.285(0.139 ~0.442)  0.395(0.237 ~0.556) 28.09(18.76 ~43.42) <0.001

FIB-4 5%k 0.069(0.050 ~ 0.091) 0.322(0.173 ~0.482)  0.391(0.240 ~ 0.551) 17.70(10.44 ~29.12) <0.001

HNPAR, W PR AR 43 LG5 VR LA s NES, SRR Vg 105 1 BT 21 44637 43 FIB-4, £ i fk-4 s NLR , b 48 -5 96k T 48 7 LU A
MLR , HAZ 405 9k AT LU AR 5 95% €T, 95% B AF X R o 1) H i of =134 [KI 24 b A 8500/ S8 % 100%
Tk, LA eSS IR IRl T A Ak i 35 R T
AEH L A E AR, B 0ddi 37529 L) BE A5 Al 22
JFFRE AL R85 A ARGE £ S o R RS L M R i 2517 HEZS 20, AT T AR T % T MAFLD 3 3
TENFREAL 2 rp , A BB 60 20000, FEIETE 90 T A Ak 9 5 3255 92020 78 MAFLD £82% vp i T
JIELZT 2 70 DL [ ) i A AT, PR T e AR R BESRR YT R AR AR AR AR RS A i st IXURS: EA H I R

3 itig
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