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body mass index (BMI) and TyG-alanine transaminase (ALT) with the risk of lean metabolic associated fatty liver disease
(MAFLD). Methods A total of 207 patients diagnosed with lean MAFLD and 100 lean healthy controls who received annual
health examination in Health Management Center of our hospital from Jul. to Dec. 2023 were enrolled. Plasma lipids, blood
glucose, liver function, TyG, TyG-BMI and TyG-ALT were compared between the 2 groups. The influencing factors of lean
MAFLD were analyzed by univariate and multivariate logistic regression models. All subjects were divided into 4 subgroups
(Q1-Q4) according to the quartile of TyG and its derivatives, and the prevalence of lean MAFLD in each subgroup was
observed. The receiver operating characteristic (ROC) curves of TyG, TyG-BMI and TyG-ALT for lean MAFLD were plotted
to evaluate the prediction efficiency. Results Of the 8 764 health examination cases included, 2 350 (26.8%) had MAFLD,
of which 207 were lean MAFLD (8.8%, 207/2 350). Compared with the lean healthy controls, the patients in the lean MAFLD
group were older, with more male and high BMI, and their fasting blood glucose, total cholesterol, triglyceride, low density
lipoprotein-cholesterol, ALT, aspartate transaminase, y-glutamyl transpeptidase, alkaline phosphatase, total bilirubin, TyG,
TyG-BMI and TyG-ALT were significantly increased, while high density lipoprotein-cholesterol was significantly decreased
(all P<<0.01). Logistic regression analysis showed that age, male, and elevated ALT level were independent risk factors for
lean MAFLD. The prevalence of lean MAFLD in the Q4 subgroup of TyG was significantly higher than that in the Q1 and
Q2 subgroups (34.3% [ 71/207 ] vs 10.6% [22/207 ] and 24.2% [ 50/207 ], both P<<0.05). The prevalence rates of lean MAFLD
in the Q4 subgroup of TyG-BMI and the Q4 subgroup of TyG-ALT were significantly higher than those in the corresponding
Ql1, Q2, and Q3 subgroups (35.3% [ 73/207 | vs 8.2% [ 17/207 ], 24.6% [ 51/207 ], and 31.9% [ 66/207 |; 33.8% [ 70/207 ] vs
14.0%1[29/207], 23.2% [ 48/207 ], and 29.0% [ 60/207 ]; all P<<0.05). The area under curve (AUC) of TyG-BMI in predicting
lean MAFLD was 0.869 0 (95% confidence interval [CI] 0.825 5-0.912 6, P<<0.001), which was higher than that of TyG
(AUC=0.818 8[95% CI 0.768 0-0.869 6, P<<0.001 ]) and TyG-ALT (AUC=0.772 5[95% CI 0.718 7-0.826 2, P<<0.001 ]).
Conclusion TyG, TyG-BMI, and TyG-ALT are associated with lean MAFLD, and have predictive value for lean MAFLD.
TyG and its derivatives are easy to calculate and cheap, and can be used for preliminary clinical assessment of lean MAFLD.
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transaminase
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Tab 1 Comparison of clinical data between lean MAFLD patients and lean healthy controls

Index Lean MAFLD N=207 Lean healthy control N=100 Statistic P value
Agelyear, M (O, Op) 47.00 (38.00, 54.00) 34.50 (30.00, 43.00) Z=-—6.669 <<0.001
Gender, 7 (%) £ =49.143 <<0.001

Male 109 (52.7) 11 (11.0)
Female 98 (47.3) 89 (89.0)

BMI/(kgem °), M (Q,, Ov) 22.10 (21.40, 22.60) 20.50 (19.63, 21.58) Z=—8.230 <<0.001
TC/(mmol=L™"), M (Q,, Ov) 4.93 (4.29, 5.67) 4.65(4.07,5.18) Z=-—2.830 0.005
TG/(mmol*L™"), M (Q,, Ov) 1.31(0.97, 1.95) 0.76 (0.58, 1.05) Z=—8.570 <0.001
LDL-C/(mmol-L™"), x+s 3.26+0.99 2.89+0.64 1=3.268 0.001
HDL-C/(mmol*L™"), M (Q,, Q) 1.52 (1.31, 1.71) 1.70 (1.52, 1.85) Z=—4.847 <0.001
ALT/(U-L™"), M (O, Ov) 20.00 (14.00, 29.00) 12.00 (9.00, 17.00) Z=—17.002 <<0.001
AST/(U-L™ "), M (Q,, Ov) 19.00 (15.00, 23.00) 16.00 (14.00, 19.00) Z=-—5.095 <<0.001
y-GT/(U-L™ "), M (Q,, Ov) 24.00 (16.00, 42.00) 12.00 (10.00, 16.00) Z=—8.785 <0.001
ALP/(U-L™"), x+s 72.14+19.08 56.58+13.78 t=6.751 <<0.001
TBil/(mmol-L™"), M (Q;, Op) 10.23 (7.78, 13.96) 10.18 (8.02, 14.45) Z=—0.461 <0.001
FBG/(mmol*L "), M (O, Op) 5.26 (4.96, 5.68) 4.92 (4.71, 5.08) Z=—17.127 <<0.001
AIP, M (O,, Ov) 0.92 (0.79, 1.12) 0.64 (0.51, 0.80) Z=—8.687 <0.001
LDL-C/HDL-C, M (Q,, Ov) 2.16 (1.67, 2.60) 1.64 (1.42,1.93) Z=—5.810 <0.001
y-GT/HDL-C/(U*mmol "), M (Q,, Q) 16.01 (9.96, 29.48) 7.54 (5.56,9.51) Z=—8.785 <0.001
TyG, M (Q,, Ov) 8.64 (8.32,9.06) 8.00 (7.68, 8.35) Z=-—9.053 <0.001
TyG-BMI, x =+ 190.23£15.68 164.96+16.40 t=13.036 <0.001
TyG-ALT, M (O,, Ov) 177.00 (123.93, 249.86) 98.75 (72.07, 137.60) Z=—"71.738 <<0.001

MAFLD: Metabolic associated fatty liver disease; BMI: Body mass index; TC: Total cholesterol; TG: Triglyceride; LDL-C:
Low density lipoprotein-cholesterol; HDL-C: High density lipoprotein-cholesterol; ALT: Alanine transaminase; AST: Aspartate

transaminase; y-GT: y-glutamyl transpeptidase; ALP: Alkaline phosphatase; TBil: Total bilirubin; FBG: Fasting blood glucose; AIP:

Atherogenic index of plasma; TyG: Triglyceride-glucose index; M (Q,, Oy): Median (lower quartile, upper quartile).

%2 JEF MAFLD ZInEZ#Y logistic B)3 47

Tab 2 Logistic regression analysis of influencing factors of lean MAFLD

Univariate analysis Multivariate analysis

Variable OR (95% CI) P value OR (95% CI) P value
Age 1.083 (1.055, 1.111) <0.001 1.053 (1.016, 1.091) 0.005
Male 8.999 (4.544, 17.821) <0.001 3.877 (1.633, 9.207) 0.002
BMI 2.528 (1.984, 3.222) <0.001
TC 1.523 (1.147, 2.022) 0.004
TG 9.035 (4.610, 17.709) <0.001
LDL-C 1.697 (1.226, 2.350) 0.001
HDL-C 0.243 (0.113, 0.523) <0.001
ALT 1.108 (1.069, 1.148) <0.001 1058 (1.020, 1.098) 0.003
AST 1.146 (1082, 1215) <0.001
v-GT 1.123 (1.078, 1.170) <0.001
ALP 1.059 (1.039, 1.079) <0.001
TBil 0.980 (0.935, 1.026) 0.383
FBG 5.386 (2.796, 10.374) <0.001
TyG 15.770 (7.841, 31.718) <0.001
TyG-BMI 1.110 (1.084, 1.137) <0.001
TyG-ALT 1.014 (1.009, 1.018) <0.001

MAFLD: Metabolic associated fatty liver disease; BMI: Body mass index; TC: Total cholesterol; TG: Triglyceride; LDL-C:
Low density lipoprotein-cholesterol; HDL-C: High density lipoprotein-cholesterol; ALT: Alanine transaminase; AST: Aspartate

transaminase; y-GT: y-glutamyl transpeptidase; ALP: Alkaline phosphatase; TBil: Total bilirubin; FBG: Fasting blood glucose; TyG:

Triglyceride-glucose index; OR: Odds ratio; CI: Confidence interval.
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Tab 3 Comparison of prevalence of lean MAFLD in different TyG, TyG-BMI and TyG-ALT subgroups

n (%)
Subgroup Section Lean MAFLD N=207 Lean healthy control N=100 % value P value
TyG 82.075 <0.001
Ql <8.06 22 (10.6) 55 (55.0)
Q2 >8.06-8.45 50 (24.2)" 25 (25.0)
Q3 >8.45-8.87 64 (30.9)° 14 (14.0)
Q4 >g8.87 71 (34.3)" 6 (6.0)
TyG-BMI 112.229 <0.001
Q1 <169.70 17 (8.2) 60 (60.0)
Q2 >169.70-183.26 51 (24.6) 26 (26.0)
Q3 >183.26-195.91 66 (31.9)" 11 (11.0)
Q4 >195.91 73 (35.3)°4 3(3.0)
TyG-ALT 56.904 <0.001
Ql <94.41 29 (14.0) 48 (48.0)
Q2 >94.41-142.75 48 (23.2) 29 (29.0)
Q3 >142.75-214.97 60 (29.0)"* 17 (17.0)
Q4 >214.97 70 (33.8) 4 6 (6.0)

"P<0.05 vs Q1 subgroup of the same index; “P<<0.05 vs Q2 subgroup of the same index;

4P<0.05 vs Q3 subgroup of the

same index. MAFLD: Metabolic associated fatty liver disease; TyG: Triglyceride-glucose index; BMI: Body mass index; ALT:

Alanine transaminase.

2.5 TyG R AT 2 35 47 47 52 & MAFLD #9 37 4%
B R AT 25 AR 60t g ROC £ 40 B4t
/R, TyG-BMI Fiilis& %! MAFLD f#HiE i T TyG
1 TyG-ALT (#P<<0.05) . [FBS X TyG M HATA:

$5¥5r 5 AIP. LDL-C/HDL-C. y-GT/HDL-C ) 75l
RBEHEAT T i, 453475 °h TyG-BMI B9 #l i %% fig
A (¥ P<0.05) . L3k 4,

x4 TyG RESTHEIEHRS AIP. LDL-C/HDL-C. y-GT/HDL-C X% MAFLD ByF &
Tab 4 Prediction value of TyG and its derivatives, AIP, LDL-C/HDL-C, and y-GT/HDL-C on lean MAFLD

Index AUC (95% CI) Pvalue Maximum Youden index  Cut-off value  Sensitivity/% Specificity/%
TyG 0.818 8 (0.768 0, 0.869 6) <<0.001 0.498 8.296 77.8 72.0
TyG-BMI 0.869 0 (0.8255,0.9126) <<0.001 0.593 179.949 77.3 82.0
TyG-ALT 0.7725(0.718 7,0.826 2)  <<0.001 0.429 124.690 74.9 68.0
AIP 0.817 6 (0.764 7,0.870 5)  <<0.001 0.505 0.843 67.0 83.5
LDL-C/HDL-C 0.712 4 (0.6522,0.7727) <<0.001 0.417 2.083 56.0 85.7
y-GT/HDL-C ~ 0.831 3 (0.7794,0.8832) <<0.001 0.537 9.541 Usmmol ' 77.6 76.2

TyG: Triglyceride-glucose index; AIP: Atherogenic index of plasma; LDL-C: Low density lipoprotein-cholesterol; HDL-C: High

density lipoprotein-cholesterol; y-GT: y-glutamyl transpeptidase; MAFLD: Metabolic associated fatty liver disease; BMI: Body mass

index; ALT: Alanine transaminase; AUC: Area under curve; CI: Confidence interval.
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