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[Abstract] Objective To investigate the association between Framingham steatosis index (FSI) and

the risk of gallstone disease in order to evaluate its potential as a risk marker and simple screening tool.
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Methods A cross-sectional study was conducted on 5 705 adults subjected from the 2017-2020 cycle of the
US National Health and Nutrition Examination Survey (NHANES).

multivariable logistic regression model was employed to assess the association between FSI (treated as both a

A complex sampling-weighted

continuous variable and in quartiles) and gallstone risk. Restricted cubic spline (RCS) and threshold effect
analyses were utilized to explore nonlinear relationships. Interaction and subgroup analyses were performed to
examine potential effect modifiers, and multiple sensitivity analyses were applied to verify the robustness of
the findings. Results The fully adjusted logistic regression model showed a significant positive association
between FSI and gallstone risk (OR=1. 31, 95%CI: 1.20 to 1.44, P<0.001). Compared with the low FSI
quartile, the high quartile had a significantly increased risk (OR=3. 67, 95%CI: 2.21 to 6.09, P<0.001).
Restricted cubic spline analysis suggested a nonlinear relationship between FSI and gallstone disease (P for
nonlinear=0. 031), with an inflection point at —0.27. Sensitivity analyses confirmed the robustness of the
positive association. Conclusion Elevated FSI levels are significantly positively correlated with the risk of
gallstone disease, suggesting its potential as a convenient metabolic composite indicator in community and
clinical settings for the rapid identification of high-risk individuals. =~ Countermeasures It is
recommended that public health authorities should consider taking FSI into screening program for adult
gallstone risk. Following prospective validation in Chinese populations, its threshold value could be utilized
for rapid community-based risk stratification (high-vs low-risk), thereby optimizing the allocation of screening
resources. Furthermore, comprehensive guidelines targeting body weight, blood lipids, blood pressure, and

blood glucose should be developed and promoted. Strengthening public education and enhancing surveillance

should be conducted to achieve the ultimate goals of early warning, precise intervention, and reduction of

http ://aammt. tmmu. edu. cn

disease burden for high-risk populations.
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Figure 1 Flowchart of participant selection
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Table 1 Baseline characteristics of participants [ M(P,,, P,;), n(%) ]

Overall Non-gallstone group Gallstone group

Variable (n=51705) (n=5106) (n=599) 2IX P
Agelyears 51.00(36. 00,64. 00) 50. 00(35. 00,63. 00) 59. 00(45. 00,70. 00) 11.03 <0. 001
Gender 119. 50 <0. 001
Male 2 814.00(49. 33) 2392.00(46. 85) 422.00(70. 45)
Female 2 891.00(50. 67) 2714.00(53. 15) 177.00(29. 55)
Race 24.12 0. 003
Mexican American 668. 00(11.71) 589.00(11.54) 79.00(13.19)
Non-Hispanic black 1 425.00(24. 98) 1317.00(25.79) 108.00(18. 03)
Non-Hispanic white 2242.00(39. 30) 1963. 00(38. 44) 279.00(46. 58)
Other race 1370.00(24. 01) 1237.00(24.23) 133.00(22. 20)
Education level 1.41 0. 493
Less than high school 888.00(15.57) 789. 00(15. 45) 99.00(16. 53)
High school 1384.00(24.26) 1231.00(24. 11) 153. 00(25. 54)
Some college or above 3433.00(60. 18) 3 086. 00(60. 44) 347.00(57.93)
Martial status 24.25 0. 002
Married/Cohabitating 3364.00(58.97) 2992.00(58. 60) 372.00(62. 10)
Divorced/Widowed/Separated 1276.00(22. 37) 1118.00(21.90) 158. 00(26. 38)
Never married 1065. 00(18. 67) 996. 00(19.51) 69.00(11.52)
PIR 7.35 0.025
<1.3 1 516.00(26. 57) 1365.00(26.73) 151.00(25. 21)
1.3~3.5 2257.00(39. 56) 1990. 00(38. 97) 267.00(44. 57)
>3.5 1932.00(33. 87) 1751.00(34.29) 181.00(30. 22)
FSI -0.94(-2.11,0. 39) -1.04(-2.20,0.29) -0. 18(~1.23,0.94) 12.51 <0. 001
GGT/(U/L) 21.00(15. 00,33. 00) 21.00(15. 00,33. 00) 22.00(15. 00,34. 00) 1. 00 0.315
ALP/(U/L) 73.00(61. 00,89. 00) 73.00(60. 00, 88. 00) 79. 00(65. 00,97. 00) 6.56 <0. 001
HDL-C/(mg/dL) 51.00(42. 00,62. 00) 51.00(42. 00,62. 00) 50. 00(42. 00,60. 00) -0. 87 0.384

HTN 25.00 <0.001

No 2970.00(52. 06) 2716.00(53. 19) 254.00(42. 40)
Yes 2735.00(47.94) 2390. 00(46. 81) 345.00(57. 60)

Diabetes 69. 56 <0. 001
No 4549.00(79.74) 4149.00(81.26) 400. 00(66. 78)
Yes 1 156. 00(20. 26) 957.00(18. 74) 199.00(33.22)

Smoking status 18.28 <0. 001
Current smoker 1093.00(19. 16) 987.00(19.33) 106. 00(17. 70)
Former smoker 1 509. 00(26. 45) 1 307. 00(25. 60) 202.00(33.72)
Never smoked 3103.00(54. 39) 2 812.00(55.07) 291.00(48. 58)

Drinking status 33.41 <0. 001
No 1212.00(21.24) 1 030.00(20. 17) 182.00(30. 38)
Yes 4493.00(78.76) 4.076.00(79. 83) 417.00(69. 62)

PIR: Poverty-to-income ratio; FSI: Framingham steatosis index; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase;

HDL-C: High-density lipoprotein cholesterol; HTN: Hypertension
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Table 2 Results of normality test for continuous variables

Variable D P

Age 4.75 <0. 001
FSI 2.58 <0. 001
HDL-C 6.49 <0. 001
ALP 7.11 <0. 001
GGT 21.09 <0. 001

FSI: Framingham steatosis index; HDL-C: High-density lipoprotein
cholesterol; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl

transferase
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Figure 2 Dose-response relationship between FSI and risk of

gallstone disease
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Table 3 Association between FSI and gallstone disease

Model 1 Model 2 Model 3
Variable
OR(95%CI) P OR(95%CI) P OR(95%CI) P

FSI 1.29(1.24~1.35) <0. 001 1.32(1.22~1.43) <0. 001 1.31(1.20~1. 44) <0.001
Q1 Reference Reference Reference

Q2 1.79(1. 09~2.97) 0. 023 1.58(0.95~2. 64) 0. 080 1.57(0.96~2.58) 0.075
Q3 2.72(1.73~4.26) <0. 001 2.47(1.54~3.98) <0. 001 2.51(1.55~4.06) <0.001
Q4 4.00(2.57~6.23) <0. 001 3.82(2.40~6.07) <0. 001 3.67(2.21~6.09) <0. 001
P for trend 1.56(1.38~1.77) <0.001 1.56(1.36~1.79) <0.001 1.54(1.32~1.81) <0.001

Model 1: Unadjusted; Model 2: Adjusting for age, gender, race, education level, PIR and marital status; Model 3: Additionally

adjusting for GGT, ALP, HDL-C, hypertension, diabetes, smoking status and drinking status. FSI: Framingham steatosis index;

OR: 0Odd ratio; CI: Confidence interval; PIR: Poverty-to-income ratio; GGT: Gamma-glutamyl transferase; ALP: Alkaline

phosphatase; HDL-C: High-density lipoprotein cholesterol
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Table 4 Results of two-segment linear regression model Table 5 Interaction and subgroup analyses of FSI and
Ttem OR(95%CI) P gallstone disease
Model 1: Simple linear model 1.14(1.01~1.29)  0.031 Variable OR(95%CI) P for interoction
Model 2: Two-segment linearregression Agelyears 0.374
Threshold: —0. 27 <65 1.33(1.21~1.48)
FSI <-0. 27 1.48(1.15~1.89)  0.002 =65 1.32(1.08~1.61)
FSI =-0. 27 1.04(0.96~1.13) 0.306 Gender
Log-likelihood ratio test 0.021 Female 1.34(1.20~1. 49) 0.544
OR: Odd Ratio; CI: Confidence interval; FSI: Framingham Male 1.29(1. 08~1.53)
Steatosis Index Race 0.447

2.5 MERHIELE A IRIE

FEh S A EE BE R A (n=750) , FST 5 iH
S5 47 AU =2 18] ) IF () SCHRAS B 1 5 ik . FE R T
P e ALY 1 | FSTS RS A1 2 [RIAFAE (B 35 1E ] 5%
I (OR=1.32,95%CI: 1. 19~1. 47, P<0.001) . 7E 5%
AEWE RS RS ARIR I AR AR 2 v 2 OB ATI AR AR AE
(OR=1.23,95%CI: 1. 11~1.39, P<0.001) , fEif—
3L GGT ALP HDL-C | & ML W RS W AR B AR
EEVR AR R (AR 3 v FST 55 RESE 7 XU =2 8] 1) 1E [f)
X% BR K IH B {8 (OR=1. 14, 95%CI: 1.03~1. 30, P=
0.031).

W FSTLAM i 5oy U5, L QLA &% 7R 5¢E
S H ARG Q3 4 (OR=2. 82,95%CI : 1. 60~5. 06,
P<0.001) 5 Q4 4 (OR=2. 41, 95%CI: 1. 30~4. 56, P=
0. 006) [ A5 £ JRUBS: 357 4 25 3 T Q1 41 (3% 9) .

WA, BRI ST 5 FE 25 4 A 7 FSTS I GE A R
K 2 18] 77 15 i & 1 3F 26 E ¢ & (P for nonlinear=
0.022, LK 3).

A 5T 3 T 4 EAC R AEFEAR , RGITAS FSI S
GSD JRUBS: 14 I, 3 7R PR 22 () 22 B 3 0 1) O IBG .
—2 RCS M7, FSI 5 B 45 40 XU Z [A] 77 7R AR 2k
PR KU AR AE 453 55,24 A FST=—0. 27 , S 4317 56
UE T FSIS GSD XU 22 [8] 1F 1] S A R fee 1 . X eb
BUANAS Sy 2R figt R85 s 1) A BHLATL A 2 1L T 87 1%
WATIR AR R, W /R T FSITEA 3 A i dr vh B
TWELER A A .

3.1 FSITHE A Rt s Ared %

H A 1 T B2 40T FS15 I 45 0 KU 56 & 1 F
I8 AHAT AR Z IR G TR T I i AH AR 48 £ 8
JUE G 105 5 45 5 045 0 B9 & . 0, ZHANG 257 %

.19(0.97~1. 45)
.29(1. 11~1. 49)
.33(1.18~1.49)
.30(1.08~1.56)
Education level 0. 098
.30(1.03~1. 64)
.16(0.96~1.40)

College or above .44(1.29~1.61)
PIR 0.319

Mexican American

—_

Non-Hispanic black

—_

Non-Hispanic white

Other race

—_

Less than high school
High school

—_ =

<1.3 1.14(0.95~1.37)
1.3~3.5 1.29(1. 12~1. 48)
>3.5 1.53(1.31~1.79)

Martial status 0.386
Married/Cohabitating 1.31(1. 17~1. 46)
Divorced/Widowed/

1.24(1.02~1.51)
Separated

Never married .41(1.05~1.88)
BMI 0.733

<24.9 1. 13(0. 69~1. 85)
25.0~29.9 1.25(0. 84~1. 86)
=30.0 1.26(1.06~1.50)

Smoking status 0. 285
.30(1.07~1.58)
.38(1.20~1.59)
.31(1.13~1.53)
Drinking status 0.755
.36(1. 13~1.63)
.30(1. 17~1. 45)

—_

Current smoker

—_

Former smoker

—_

Never smoked

No

—_

Yes

—_

FSI: Framingham steatosis index; OR: Odd ratio; CI: Confidence

interval; PIR: Poverty-to-income ratio; BMI: Body mass index

B, BRI 750 A 25 B AR A i k0 o 45 5
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Table 6 Association between FSI and gallstone disease

Model 1 Model 2 Model 3
Variable
OR(95%CI) P OR(95%CI) P OR(95%CI) P
FSI 5705 1.29(1.24~1.35) <0.001 1.32(1.22~1.43) <0.001 1.31(1.20~1.44) <0.001
Excluding FSI values below the 2nd percentile 5647 1.31(1.23~1.40) <0.001 1.32(1.24~1.40) <0. 001 1.30(1. 18~1.44) <0.001
Excluding FSI values above the 99th percentile 5647 1.30(1.22~1.40) <0. 001 1.30(1.22~1.39) <0.001 1.29(1.16~1.43) <0.001
Q1 1902 Reference Reference Reference
Q2 1901 2.02(1.43~2.85) <0.001 1.85(1.27~2.68) <0.001 1.76(1.09~2.83) <0. 001
Q3 1902 3.26(2.47~4.31) <0.001 3.05(2.26~4.12) <0.001 2.68(1.69~4.24) <0.001

Model 1: Unadjusted; Model 2: Adjusting for age, gender, race, education level, PIR and marital status; Model 3: Additionally adjusting
for GGT, ALP, HDL-C, hypertension, diabetes, smoking status and drinking status. FSI: Framingham steatosis index; OR: Odd ratio;
CI: Confidence interval; PIR: Poverty-to-income ratio, GGT: Gamma-glutamyl transferase, ALP: Alkaline phosphatase; HDL-C: High-

density lipoprotein cholesterol

x7 FBRETE2ESCBEFSISBERZ EHXEK

Table 7 Association between FSI and gallstone disease after excluding values below the 2nd percentile

Model 1 Model 2 Model 3
Variable
OR(95%CI) P OR(95%CI) p OR(95%CI) P

FSI 1.31(1.23~1. 40) <0. 001 1.32(1.24~1.40) <0. 001 1.30(1.18~1.44) <0. 001
Q1 Reference Reference Reference

Q2 1.76(1.04~2.96) 0. 036 1.58(0.93~2.70) 0. 085 1.56(0.75~3.24) 0. 148
Q3 2.85(1.74~4.67) <0. 001 2.64(1.59~4.37) 0. 001 2.63(1.29~5.36) 0.023
Q4 3.94(2.50~6.20) <0.001 3.81(2.42~6.00) <0. 001 3.55(1. 86~6.80) 0. 008
P for trend 1.56(1.38~1.77) <0.001 1.56(1.38~1.77) <0.001 1.53(1.31~1.78) <0. 001

Model 1: Unadjusted; Model 2: Adjusting for age, gender, race, education level, PIR and marital status; Model 3: Additionally adjusting
for GGT, ALP, HDL-C, hypertension, diabetes, smoking status and drinking status. FSI: Framingham steatosis index; OR: Odd ratio;
CI: Confidence interval; PIR: Poverty-to-income ratio; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; HDL-C: High-

density lipoprotein cholesterol

®8 FBRETHEIIBS MBS FSISEER Z EHXEK

Table 8 Association between FSI and gallstone disease after excluding values above the 99th percentile

Model 1 Model 2 Model 3
Variable
OR(95%CI) P OR(95%CI) P OR(95%CI) P

FSI 1.30(1.22~1.40) <0. 001 1.30(1.22~1.39) <0.001 1.29(1. 16~1.43) <0. 001
Q1 Reference Reference Reference

Q2 2.09(1.19~3.68) 0.013 1.86(1.04~3.30) 0. 037 1. 82(0. 82~4. 05) 0. 097
Q3 3.04(1.80~5.14) <0. 001 2.75(1.57~4.82) 0. 002 2.77(1.21~6.32) 0.030
Q4 4.20(2. 64~6. 66) <0.001 3.94(2.47~6.29) <0.001 3.75(1.82~7.71) 0.010
P for trend 1.56(1.37~1.76) <0. 001 1.54(1.36~1.75) <0. 001 1.52(1.27~1.83) 0. 002

Model 1: Unadjusted; Model 2: Adjusting for age, gender, race, education level, PIR and marital status; Model 3: Additionally adjusting
for GGT, ALP, HDL-C, hypertension, diabetes, smoking status and drinking status. FSI: Framingham steatosis index; OR: Odd ratio;
CI: Confidence interval; PIR: Poverty-to-income ratio, GGT: Gamma-glutamyl transferase, ALP: Alkaline phosphatase, HDL-C: High-

density lipoprotein cholesterol

W, JF LM - S S X SEUE I R SRR T S S e AT O S AR S A QPR 3 mT BB AR LA
BRURKFRMES AR RN EE RN R, 5 Rkt B IRss o A B A BEHLS] 7 1 A A
WO EC, FSLERG T IR 70 A1 B AR B SSHE I R, BEAS
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Table 9 Association between FSI and gallstone disease

Variable Model 1 Model 2 Model 3
OR(95%CI) P OR(95%CI) P OR(95%CI) P

FSI 1.32(1.19~1. 47) <0. 001 1.23(1. 11~1.39) <0. 001 1.14(1.03~1.30) 0. 031
Q1 Reference Reference Reference

Q2 2.45(1.45~4.21) <0. 001 1.76(1.02~3.09) 0. 045 1.70(0. 97~3. 04) 0. 066
Q3 4.56(2.77~7.73) <0. 001 3.11(1. 84~5.39) <0. 001 2.82(1.60~5.06) <0. 001
Q4 4.52(2.75~7. 66) <0. 001 3.16(1. 86~5.50) <0. 001 2.41(1.30~4.56) 0. 006
P for trend 1.61(1.39~1. 87) <0. 001 1.46(1.25~1.72) <0. 001 1.34(1. 11~1.62) 0. 003

Model 1: Unadjusted; Model 2: Adjusting for age, gender, race, education level, PIR and marital status; Model 3: Additionally adjusting

for GGT, ALP, HDL-C, hypertension, diabetes, smoking status and drinking status. FSI: Framingham steatosis index; OR: Odd ratio;

CI: Confidence interval; PIR: Poverty-to-income ratio; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; HDL-C: High-

density lipoprotein cholesterol

P for Overall=0.005
P for Nonlinear=0.022

10

Odds Ratio

T T T T
-4 -2 0 2
FSI

FSI: Framingham Steatosis Index
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Figure 3 Dose-response relationship between FSI and the

risk of gallstone disease
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