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metabolic dysfunction-associated steatotic liver disease, LMPM) . A #EAL LMPM 9 Ils R EL , W5 55 g i
JIF 488 (fatty liver index, FLI) FITFG I 22 M35 2L (hepatic steatosis index, HSI) X i HI B3R A5 VENR
J07 A JH o T A Y AT b A . 3 i 32 i AR R Ml 48 T AR (area under the receiver operating
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[Abstract] Objective To investigate the risk factors for the occurrence of metabolic dysfunction-
associated steatotic liver disease(MASLD) in lean individuals and construct a risk prediction model.
Methods Based on the National Health and Nutrition Examination Survey(NHANES) database in the United
States(from January 2017 to March 2020), 1 123 adult individuals were included in this study. Then the
participants were randomly divided into a training set(n=561) and a validation set(n=562) through simple
random sampling. Data on their demographics, anthropometrics, lifestyle, underlying diseases, and laboratory

test results were collected. LASSO regression analysis was used to screen potential variables in the training set,
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and multivariate logistic regression was employed to identify independent risk factors for lean MASLD. Based
on these risk factors, a prediction model for lean MASLD was constructed(LMPM). To evaluate the clinical
value of the LMPM, it was compared with two commonly used prediction models for non-alcoholic fatty liver
disease, the fatty liver index(FLI) and the hepatic steatosis index(HSI). The performance of the model was
evaluated and internally validated using the area under the receiver operating characteristic curve(AUC), net
reclassification index(NRI), integrated discrimination improvement(IDI), calibration curve, decision curve, and
clinical impact curve. Results Age, waist circumference, and triglycerides(TG) were identified as independent
risk factors for the development of MASLD in lean individuals. The LMPM, constructed based on these
indicators, demonstrated good discriminative ability in both the training and validation sets, with AUC values of
0. 86(95%CI: 0. 82~0. 89) and 0. 81(95%CI: 0. 77~0. 85), respectively, which were significantly better than
those of FLI [training set: AUC=0. 83(95%CI: 0. 79~0. 87); validation set: AUC=0. 74(95%CI: 0. 70~0. 79)]
and HSI [training set: AUC=0. 71(95%CI: 0. 66~0. 76); validation set: AUC=0. 71(95%CI: 0. 65~0.76)].
Compared with FLI and HSI, the LMPM showed improvements in NRI and IDI in both the training and
validation sets. The calibration curve demonstrated its high accuracy, and both the decision curve analysis and the
clinical impact curve analysis indicated that the LMPM provided greater clinical benefits. Conclusion Age,
waist circumference, and TG are independent risk factors for lean MASLD. Based on these factors, a prediction
model, named LMPM, is developed to assess the risk of MASLD in lean individuals, which exhibits good

predictive performance and has certain guiding significance for the timely identification of high-risk populations.

http ://aammt. tmmu. edu. cn

[ Key words |

lean metabolic dysfunction-associated steatotic liver disease; risk factors; prediction model

Supported by the General Program of National Natural Science Foundation of China (82070599). Corresponding author: CHEN Wensheng, E-mail:

wenshengchen@tmmu. edu. cn

3E 9 K 1 B 5 7 JIF 9% (non-aleoholic fatty liver
disease, NAFLD) 7 2023 4551 44 S AR 183 ) B B A5 AH ¢
fg Wi P B 5 (metabolic dysfunction-associated steatotic
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I ELA RS AE 1 A DFSE R NAFLD
5 MASLD B Bk R 2B & (HXF T P20 48 11
AT, A 0 TT RE IR Qn it | R oAy 3k 298 7Y £8 35 AN
15 2 BMLiZWibr il , KA 10% 98 B NAFLD 23 6%
UE1 25 S BT S e I L PRI, 8 9 e x e A
MASLD (587 R R A= A S A R 2 A 0 . 14k &
VE R — B ELWLAY  Z TfF B XURS: B S 8, 2
22 g SR AN U g T T B A
X8 A MASLD JRUSS: () 51 28 P DRL ot , ASAF 58 A1) FE
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(O B i g A0 e BMIT A8 S5 2 B BN 58
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22 o A M AR £ b e X PR AR e 5L AT S 3 R0 A%
(R ARFAE AR o 5 BT ) A AR R U S A Logistic
AR AT “rms” 3K A Logistic [FIH EA G 1T
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AR 43 B A IR Y 3238 TARRHE I 2k
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D AUC XS BEHY /N R SO BB AN 2 1 SRy B, b 78353
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. MASLD, 855 %8 4 21. 46% , Forb AR AL - Y 4R 0% 12
g T T AR HENT HRZL] (60. 63£15.98) vs (44. 08+20.95)
21 AbA RS ZoPe0.001 B L DR SRR 2 AL AL
1123 BMB SEPTHEIER 47, 6321 10%,  PEIADSRIFHER ISR mba(P>0. 05,422).

Ho M 47.28%, 241 % 5 5 e o UIITRERARI TR LI E v R AE BT

F1 11230)ERS 5ENELIFME v+, #1(%)]

LD BAFE(n=1123) AEMASLD 4 (n=882) MASLD 41 (n=241) P

AL 47.63£21. 11 44.08+20. 95 60. 63+15. 98 <0.001
5 0. 879

T 531(47.28) 416(47.17) 115(47.72)

gl 592(52.72) 466(52.83) 126(52.28)
R <0. 001

AEVEBEA RN 292(26. 00) 258(29.25) 34(14.11)

VI HFHA 381(33.93) 276(31.29) 105(43.57)

HAb PG PR 94(8.37) 77(8.73) 17(7.05)

AP A 215(19.15) 161(18.25) 54(22.41)

BIFHEEEA 85(7.57) 66(7.48) 19(7.88)

BER{iv 56(4.99) 44(4.99) 12(4.98)
% [l /em 27.78+2.78 27.53+2. 84 28.69+2. 30 <0. 001
WC/em 81.20+7.95 79. 56+7. 50 87.20+6. 57 <0.001
& [l /em 92.95+5. 53 92.51+5. 60 94.53+4.97 <0. 001
JELE L 0. 87+0. 07 0. 86+0. 07 0. 92+0. 06 <0. 001
i 5 e 0. 49+0. 05 0. 48+0. 05 0. 53+0. 04 <0.001
BMI/(kg/m®) 21.85+2.07 21.56%2. 10 22.91+1. 51 <0.001
M JHAR S 0. 001

NN E 801(71.33) 637(72.22) 164(68. 05)

2 169(15.05) 116(13.15) 53(21.99)

LA A 153(13.62) 129(14. 63) 24(9.96)
e I <0. 001

i 801(71.33) 677(76.76) 124(51. 45)

P 322(28.67) 205(23.24) 117(48.55)
WE RIS <0. 001

i 1019(90. 74) 827(93.76) 192(79. 67)

I 104(9. 26) 55(6.24) 49(20. 33)
25 8 1 B4/ (mmol/L) 5.29+1. 69 5.13=1. 44 5. 86+2.33 <0. 001
BN £T & /% 5. 58+0. 87 5. 48+0. 68 5.95+1.30 <0.001
MABZT 2/ (mol/L) 8. 81+5. 42 8. 87+5. 44 8.57+5.33 0.119
BEM/(g/L) 72. 00+4. 40 72.07+4. 45 71.71+4. 25 0. 438
FIEEF/(g/L) 41.74+3.20 41.77+3.23 41.61+3. 10 0.472
BREE 1/ (g/L) 30.26+4. 14 30. 30+4. 23 30. 10+3. 79 0. 657
ALT/(TU/L) 17.07+15. 01 16. 66+16. 01 18. 56+10. 51 <0. 001
AST/(TU/L) 20. 66x10. 51 20. 66x11. 35 20. 66+6. 61 0. 062
ALT/AST 0. 81+0. 25 0. 80+0. 24 0. 88+0. 27 <0. 001
ARl 2 it/ (1U/1L) 73. 63+23. 24 72.07+22. 07 79. 3426. 39 <0. 001
GGT/(IU/L) 21.22+19. 84 20.27+18.71 24.70+23.22 <0. 001
JIE [ 5/ (mmol/L) 4.71x1.05 4.6120.97 5.06+1.22 <0. 001
TG/(mmol/L) 1. 160. 66 1. 0420. 47 1. 600. 99 <0. 001
HDL-C/(mmol/L) 1.56+0. 38 1. 58+0. 36 1. 48+0. 41 <0. 001
WLEF/(wmol/L) 78.55+42. 63 77.95+36. 30 80. 7660. 44 0. 854
JRZ/(mmol/L) 5.28+2. 12 5.16+2. 08 5.75+2.24 <0. 001
PRIEZ/(wmol/L) 285.07+74. 11 279. 77+70. 52 304. 47+83. 28 <0.001
ML EEH/(g/dL) 13.82+1. 44 13.78+1. 41 13.99+1. 54 0. 045
P2 A H /(x10°/L) 6.57+2. 84 6.48+3.01 6. 87+2.09 0. 003
P L AR5 /(< 10°/L) 2.00+2. 01 1.98+2. 24 2. 08+0. 68 0. 002
HRZANMECH /(x10°/L) 0. 53+0. 20 0. 52+0. 20 0.55+0. 19 0.011
PR A AL B/ (x10°7L) 3.82+1.65 3.77+1. 64 4.02+1. 66 0.017
FLI 15.24+13. 43 12.24+10. 54 26.21+16. 77 <0. 001

HSI 29. 60+3. 23 29.10+3. 13 31.41+2.92 <0. 001
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F2 IGREMBIESEMERFHEvxs, 41(%) ]

At IZR4E (n=561) BIEHE (n=562) P

AR % 48.30+21.24 46.97+20. 97 0.301
53] 0. 101

Bk 279(49.73) 252(44.84)

Lk 282(50.27) 310(55. 16)
Tl 0.321

AETUHETEHRA 147(26. 20) 145(25. 80)

ETHETEHAN 193(34. 40) 188(33.45)

HALFEHE S 38(6.77) 56(9.96)

AEVHPEA WA 117(20. 86) 98(17. 44)

BVREEEA 39(6.95) 46(8.19)

HoAt Rt 27(4.81) 29(5.16)
Bl /em 27.81+2. 66 27.74+2. 88 0.616
WC/em 81.41+7.91 80. 99+8. 00 0. 366
R il /em 93.07+5.27 92.82+5.78 0.457
R H 0. 87+0. 07 0. 87+0. 07 0. 661
i e Lt 0. 49+0. 05 0. 49+0. 05 0. 909
BMI/(kg/m”) 21. 89+2. 04 21. 80+2. 09 0. 494
W MRS 0. 956

MR AR 398(70.94) 403(71.71)

B 22 W A 86(15.33) 83(14.77)

PRAE A 77(13.73) 76(13.52)
= INAS 0.910

f 401(71.48) 400(71.17)

2 160(28.52) 162(28. 83)
) 0. 405

g 505(90. 02) 514(91. 46)

b 56(9.98) 48(8.54)
23 1 8%/ (mmol/LL) 5.29+1. 40 5.29+1.95 0.546
WL LT 5 /% 5.59+0. 88 5.57+0. 87 0. 466
SBLT Z/(pmol/L) 8.9625. 42 8. 65+5. 42 0.178
MAA/(g/L) 72.0324. 61 71.96+4. 19 0.936
M/ (g/L) 41.79+3.18 41.69+3.23 0. 794
EREE 1/ (g/L) 30. 25+4. 25 30. 27+4. 04 0. 853
ALT/(TU/L) 17. 60219, 31 16. 54+8. 83 0.227
AST/(TU/L) 20. 70+10. 65 20. 62+10. 38 0.522
ALT/AST 0. 82+0. 26 0. 80+0. 24 0.132
Bk I i/ (TU /L) 73.16+23. 05 74.11%23. 45 0.371
GGT/(TU/L) 21. 86+22. 27 20. 58+17. 07 0. 666
SR R/ (mmol/LL) 4.71+1. 07 4.711. 02 0. 708
TG/(mmol/L) 1. 1620. 65 1. 1520. 68 0.576
HDL-C/(mmol/L) 1. 560. 38 1. 57+0. 37 0. 447
AILEF/(pmol/L) 78.28+34. 63 78. 82+49. 37 0.215
pRZE/(mmol/L) 5.34£2. 04 5.23+2.21 0. 126
PRER/(umol/1) 288. 11+74. 67 282.03+73. 48 0.125
£ FECH/(g/dL) 13.87+1. 51 13.77+1.37 0. 164
P S E /(x10°/L) 6.63+3.53 6.50+1. 92 0. 504
Ik B A0 5 H /(x10°L) 2.07+2.78 1. 9320. 60 0. 647
AR AH /(< 10°/1) 0. 53+0. 20 0.52+0. 19 0.521
ot 2 S B/ (x10°/L) 3.81x1. 67 3.83+1.62 0. 495
FLI 15.53+13. 40 14.95+13. 46 0. 281
HSI 29. 69+3. 28 29.50+3. 17 0. 304
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2.2 EEaFLHIKEAME

P ZREE Pl £ 1% 34 A48 48 A LASSO [R115 43
Bro &5 BN, A v () 4R 2 2R 5008 1 S
AEE WC L ER TG 1) o LASSO [a] 3 77 % Hy
I EAIER R R A L EK Logistic [H1H 4347
SR NLR BRI S L LA, Ay AR 1402 98 8 MASLD
BT fE RS R 26 (P<0. 001,36 3) . 36T iR &8, A
SR T G R TRIAE A LMPM , iZ 8L ] T
98 T\ & A2 MASLD B U o i an, —143 70 % 14 53
PE, WCH97. 10 em . TG ¥ JE 4 0. 84 mmol/L, £ )7 37>
OO AR B 450 A E AT 89. 90 43, Fe s H: H MASLD f
LN 51.00% (K 2) .

34 27 21 11 4 3
| .
O_
S
jang
S
By
=l
—10
_15 —
T T T T T T
7 6 5 4 3 2
Log(\) A

#=3 S EZE Logistic B34 HimiE M B E =

B ANHE fRMER S Z P IEIE  95%CI

4EWE 0.02 0.01  3.36 <0.001 1.02 1.01~1.04
wC 0.11  0.02 6.05 <0.001 1.12 1.08~1.16
TG 1.48  0.23  6.56 <0.001 4.39  2.82~6.82

2.3 AEA GG M AEIRAE
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