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[# ZE)BBY: o rded 2 DKV Bl =88 2 WA B8 81 (wriglyceride glucose—body mass index, TYG-BMI) 5 2 Ui R Ik
(type 2 diabetes , T2DM )& I A 14 Bg i - (nonalcoholic fatty liver disease , NAFLD ) B8 & AH M , 314 TYG-BMI 44 E D
B X NAFLD S R i . Fik s i AT N RS g 9 43I B BE 1Y) 434 B4 T2DM BRI AF T 4 . IREE B A
24 B AR5 BN F B, NAFLD 3l i # A5 2 Wr . 44 3R D= 5 XA 25334 4= & D[ 25—hydroxyvitamin D, 25(0H)D ]
<20 ng/mL. % Spearman #1543 H1 75 15, #5157 25(OH)D . TYG-BMI F1 T2DM & Jf: NAFLD fG [ [H 2 2 (6] B AH k. R £ 0
B EIEAHT R ER T 25(0H) D TYG-BMI 5 NAFLD Z I R o SR A H T EEER TYC-BMIUE A% 25(0H)D #l
NAFLD Z [0 (B &R . 85 R : O i A 99 A [ T2DM & o, NAFLD 41 . J6 NAFLD 41/ 25 (0H) D /K ¥ % K [ 15.89 (12.33,
19.94) vs. 18.27(14.05,24.63) , P<0.05] , TYG-BMI /K- 5[ 213.59(191.92,237.60) vs. 176.91(159.55,196.86) , P<0.05] , 7 H.
WA I A AR AL (P<0.05) , @418 25(OH) D KA 7321 & B, 442 2 D = 4110 NAFLD [ (60.1%)
i TUEA R DAL (45.4% ) RAEAZE D 78R4 (23.3%) , ZRAFAG I L (P<0.05) . FLin B HEH LR LR,
137 25(OH) D /KP4 5 TYG-BMI &£ f1AH % (B . r=-0.215, P<0.001; & :r=—-0.271,P<0.001) . @F JH logistic [8] ) % 18 2% P &%
Ja kYR DELZ R T2DM 3 & A4E NAFLD 1 /& [ R 25 (Model 1 OR=2.347,95%CI1=1.423~3.871, P=0.001; Model 2 OR=
2.478,95%Cl=1.472~4.172,P=0.001; Model 3 OR=2.057,95%CI=1.172~3.610,P=0.012) . #E— 4 5143 W2 4T logistic [
OEHT AAE 2ot R IR 4 4R & D k= 2 T2DM B F & A= NAFLD [0 57 & 56 K 2 (Model 1 OR=5.52,95%C1=2.008~15.177, P=
0.001; Model 2 OR=5.342,95%CI=1.776-16.061, P=0.003 ; Model 3 OR=3.734,95%CI=1.108~12.578,, P=0.034) . OTEfTH H ¥ .
Bk B L B T TYG-BMI 5 NAFLD BU% 31 2 IE M (P<0.05) . @ v Wr R BLE T A B H et B & v, TYG-
BMI #4343 T 25(OH)D X NAFLD B SR A9 (32 2 0 (FR A5 43 Lo 0T B3 58.66% , Lotk B K 38.07%) T B A . 4518
{LAE L T2DM B T 4k R D = 5 T2DM 4 9 NAFLD & RGIAR G, gl E D= S8 T2DM 49 NAFLD %/
LN B RS 43 B TY G-BMIA .
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Mediating role of TYG—-BMI in vitamin D and nonalcoholic fatty liver disease
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[ Abstract] Objective : To analyze the correlation between the serum vitamin D and triglyceride glucose—body mass index (TYG-BMI)
of type 2 diabetes mellitus(T2DM) patients complicated with nonalcoholic fatty liver disease (NAFLD) , and to explore the roles played
by TYG-BMI in the vitamin D deficiency of T2DM living with NAFLD. Methods : A total of 434 patients with T2DM hospitalized at

Department of Endocrinology, Hebei General Hospital were included in the study. These patients’ demographics and clinical data were

collected. Abdominal ultrasonography was performed to diagnose
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(2023-07-10) TYG-BMI and NAFLD. Mediation analysis was used to explore

NAFLD. Vitamin D deficiency was defined as that 25—hydroxyvitamin
D[25(0H) D] vitamin levels were less than 20 ng/mL. Spearman
correlation was used to test for an association among 25 (OH) D,

TYG-BMI and risk factors of NAFLD in T2DM. Multiple logistic
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whether TYG-BMI mediated the association between 25(OH)D and NAFLD. Results : DIn all included T2DM patients, the 25(0H)D
level in patients with NAFLD was significantly lower[ 15.89(12.33,19.94) vs. 18.27(14.05,24.63) , P<0.05] and TYG-BMI was sig-
nificantly higher [213.59(191.92, 237.60) vs. 176.91 (159.55, 196.86) , P<0.05 ] compared with those without NAFLD. The data
showed the same trends for males and females (P<0.05). @According to different 25(OH)D levels, the prevalence of NAFLD in the vi-
tamin D deficiency group (60.1%) was higher than that in the vitamin D insufficiency group (45.4%) and the vitamin D sufficiency
group(23.3%) , and the difference was statistically significant (P<0.05). @Serum 25(OH)D level was negatively correlated with TYG-
BMI, both in women and in men(men: r=—0.215, P<0.001 ; women: r=—0.271, P<0.001). @ After adjusting for confounding factors,
multivariate logistic regression analysis revealed that Vitamin D deficiency was a risk factor for NAFLD in T2DM patients(Model 1 OR=
2.347, 95%CI=1.423-3.871, P=0.001; Model 2 OR=2.478, 95%CI=1.472-4.172, P=0.001; Model 3 OR=2.057, 95%CI=1.172 -
3.610, P=0.012). Gender—specific subgroup logistic regression analyses showed vitamin D deficiency was an independent risk factor
for NAFLD in T2DM for women (Model 1 OR=5.52,95%CI=2.008-15.177, P=0.001; Model 2 OR=5.342,95%CI=1.776-16.061, P=
0.003; Model 3 OR=3.734,95%CI=1.108-12.578, P=0.034). ©TYG-BMI was positively correlated with the prevalence of NAFLD in
all T2DM patients , male patients and female patients (P<0.05). @ Mediation analysis indicated that TYG-BMI partly mediated the
indirect effect of 25(OH)D on NAFLD incidence (percentage of mediation: 58.66% of all patients, and 38.07% of female patients).
Conclusion : Vitamin D deficiency is associated with an increased incidence of NAFLD only in female subjects with T2DM. The asso-
ciation between vitamin D deficiency and higher prevalence of NAFLD in T2DM may be at least partially mediated by TYG-BMI.

[Key words Jtype 2 diabetes mellitus ; 25-hydroxyvitamin D ;triglyceride glucose—body mass index ; nonalcoholic fatty liver disease ; in-

sulin resistance

BT RG PERE W BT (nonalcoholic fatty liver disease,
NAFLD) & Bk —Ffs UL iy 08 P I D i , B 32
4 18%~45%"s NAFLD -5 3 Tl Lo ML A8 552 9 LS K
5 I IEAR OGS R B FE T A7 9P, PRt 25 4 K B 7 I
fit 2 Goaly ok ™ A Ok B 1Y IR 4 R T
NAFLD 7£ 2 B8 R 5% (type 2 diabetes, T2DM) f
H A AR A N, PR 2 B NAFLD 1 18 B
Pl 22 i1 & AL 2 B NAFLD (14 06 B4 i . 25—
B Ik A 2 D[25-hydroxyvitamin D, 25(OH) D]if %
PO AR — R AR TR A 2, DL AR RS AR
P AR T 445 25(0H)D 7 5% i i & Ji A
i gp v i BB — B A2 R, T AR R AR A
B AR RIS )2 06 TE . Seriii e &M,
5 49 1L 35 25(0H)D 7K - 5 4 IR A 1) A A8 K i AT
K A ZE A Hr R WK 25(0H)D J& NAFLD &
Az BT S R, BUAR NAFLD & A9 v e AL
il 1 AN A AR5 e LR B 25 HIRPE (insulin resis-
tance, IR) 5 NAFLD B & 447 &%, FENG IR TAEH,
HY T IR 5 ZR AN S R I HE AR, BB A B 3k
15, (A5 % 5 2 FEPT AR A B K IEAS 25 (homeostasis
model assessment of insulin resistance, HOMA-IR) .
2GR R B B B R MU K DN 95 %X (quantitative
insulin check index, QUICKI) %% 4t IR 8 7 19 {fi FH
ZENBRG . B, Er LK AEHR 1 T — B 0y vl S e
IR (R84 , B I = 18 4 29 1% — 1K BT 45 28 (triglycer-

ide glucose—body mass index, TYG-BMI) . TYG-BMI
54 H Il = lE 25 M I A (fasting plasma glucose,
FPG) A i #8 4X (body mass index, BMI)3 1~ 5 ¥4 g
R VI SC e bR . BFREE B, S50 TYG 15
0 BMI AL GENR T g I LU AE IR 5 TR AR R
FEHFIIG 5 R T 25 A0 e, TY G-BMI fi 5 4 b J7 e
IR. RO, AH ECAE A TR 0 i 4 b v i) oo o % 28— 1A
% BT 2 £ R (hyperinsulinemic—euglycemic clamp,
HIEC) , TYG-BMI U 8 35 5 FE Il K F 2
BTz sz MO . Ok B2 B IESE R BH TYG-
BMI 5 il 5 & %5 U4 OC , A0 4% JR 2 (uric acid,
UA) L il A T 55 S w00 AR R B,
5 TYG 5. H i =8 (triglyceride , TG ) 5 = % FE AR
Z5 [ ME [ B (high density lipoprotein cholesterol
HDL-C) 4 I {8 . HOMA-IR #H It , TYG-BMI &
T2DM i 4 & 4= NAFLD 55 A7 8500 W0 48 45 It
Hb 58 I TY G-BMITE T30 (55 1L e 4R 50 bk A
Ak RS 1 B 107 2 24 A6 45 7 T TR A . HOMA -
IR A P30 SOAR IR B8 IO iy (3K 75 A
54, I AR I R 958 AL IR B AR 5 A5 TYG-BMI itk
1TWF5E . B TYG-BMIJZ 442 D 5 NAFLD i —
TRV e 52 R 2, 76 P [ T2DM R A 0 47 48 O 1
WF5E , ¥Rt 25(OH)D \ TYG-BMI FII NAFLD 2 [i] f#) ¢
Z IR TYG-BMI7E 4 A4 2 D il = 5215 NAFLD
KA EIVER .
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A 20194 1 7 2 12 ATE LA N REBEN I W EHE
B 1Y) T2DM 35 R 47 BB EAT Y o ZBFoeAs 2 b AR
P2 BEAC S 51 2 At . AP R S 4R 983 44 (i3, &t %
AT , e 434 2 BEFF B AR HEIF AT (K 1) .
SRR 2 B BFTEN SRR AN A FIHERR AR IEES T

T2DM 35 9 ABRIE  AF =18 2 HL 2 1999 4R 7 T
Az 20 ZUHE SE W BE BRI 12 W b - 3 O PR IR (BT |
ZIR ZIR 2B AU A R ) B BE AL i A
>11.1 mmol/L, B i I~ 45 J& il ¥ (fasting plasma glucose , FPG)
>7.0 mmol/L, S _E AT K50 2 h i >11.1 mmol/L, JG
SUIRDRE PR RE IR, 5 2 H Z AN

NAFLD 412 Wb #2405 2 350 e 74 27k BT JUE g 107 5, U

Bl & Sl 5% LA b A W Y AR D A8 44

HEBRBRIAE AR R R (1 1 BB PR S A R
i) B ZE A5 1T 3 H AT O WURESE il H ot sk AT 2
REZEHL A 2 M NIRRT 5 3T 6 > N AT
RESZ I 25 (OH) D /K-F- 19259 (4E 43R D ORUBERRER 5l H AR ) 5
TEAEAS FH AT HE i NAFLD JXUBS: X 3R 1 245495 (e fle i | iz Joi 26
B G MERCR 55 ) s A I A S G SR BT R T3
P HE>30 g, MR R F:>20 g) LR R R R s
TN BT RIS REDTUIABHYE | A S SPEMEIT R T S RAZ A |
BB AERR T IR AL | JF & MR AL M IR 5 PRI ZRL 24
PIVERT 5 LG R AR B BB AL | AR IR =8 U
S
1.2 BRI

WA BT A AT SEXT R IEAE B, A M) AE % W i
PR PR M S (=R R sl PR s K25 L. BMIT
3 ) A B VA SR T S S AR . T S S E R
ARE8~10 h, 55 R BAIGHIK L . phin b N R R B A
5 B2 0N 42 A 3 AR A 2 B AR FPG | 11 48 1 (albumin,
ALB) #2041 % (direct bilirubin, DBIL) | [A[#ZIHLT 2 (indi-
rect bilirubin, IBIL) TN 2 % 23 34 45 #£ i (alanine aminotrans-
ferase, ALT) . K & & g & 1 7 ¥ il (aspartic transaminase ,
AST) =23 & B 7% 7% 1 (r—glutamyl transferase , GGT) JHYTR
(bile acid, BA) . UA . &\ JH [& B (total cholesterol, TC) . TG.
HDL-C Ik % & 15 & A IR [ B (low density lipoprotein choles-
terol, LDL-C) AR Ji£ it 2 11 JIL[E] B (very low density lipo-
protein cholesterol, VLDL-C) . 2k i & 1 A1 (apolipoprotein
Al,ApoAl) R EE B(apoprotein B, ApoB), AL R A=y-a
e K DUBE £k 1 21 45 1 (glycosylated hemoglobin , HbAle) |
25(0H)D . 45 % (osteocalcin, OC) . I AUIEH B-C A 3538
R K (type T collagen beta—C terminal cross—linked terminal
peptide, B—CTX) . /i ¢ Ji 1 8 N A 565 §ij #K (procollagen type 1
N-terminal propeptide, PINP) 1 1 R 22 I i & (parathor-

mone, PTH) . TyG-BMI 4 In[TG (mg/dL) x FPG (mg/dL)/2] x
BMITFEEARAS . AR P AP 2508 TR B AU L 4
" DERZ 5E Xk 25(0H)D<20 ng/mL (50 nmol/L) , 4L %
DA JEE X K 25(0H) D 20~30 ng/mL(50~75 nmol/L) , 4t 4=
%D %L 5E L 25(0H)D>30 ng/mL(75 nmol/L) . 33 L% i
P A— TR IR 2 BN R TR A A
13 %hitzam

i I SPSS 25.0 HEATHE 50T . W ELE 475 IES
I3AT, DL + AR s (v + 5) F0R , 21 ) LBk T ST o 46
B AR A FE GRS LM (P, Pos) R, R HEE
ZH Kruskal-Wallis #6556 HC AR A 4B . X T 28748 8, DU
B %) FoR , R R IR a4 41 . SR FH Spearman AH G
AHIERT 25(0H) D 5 TYG-BMI 5 NAFLD 7 76 XU [H 2 19
FHOCHE o 2R logistic [1UH 23 HT 3 25 (OH) D 8% TYG-BMI
L5 NAFLD FAH I o g~y A B8 3595 TYG-BMLZ 5 4
F 7 25(0H)D 5 NAFLD Ay 5CIG . A58 7K i «=0.05.

2.1 NAFLD #84» & NAFLD 48 % % 69 )5 R A4F 42

R 3l I 8 7 G A &5 S % T2DM R 5 4 NAFLD 41
(n=234)HIJC NAFLD 28 (n=200) (& 1) , ARt A 7] 39—
oy BPEH A PR . X BT T2DM &35 ki, NAFLD 4
AH L TE NAFLD 2145 5 5 /K 7 19 7% ALB L ALT . AST.GGT,
TC.TG.LDL-C.VLDL-C.APoB.PTH & BMI.TYG-BMI., {H
AEHS 2 HDL-C.25(0H) D 5 J& NAFLD A [t B AL (P<
0.05) . X F 5 1 T2DM & 3 K i3, 5 JC NAFLD 40 At
NAFLD 417 5 = 7K F (% i & ALB.IBIL, ALT, AST,GGT,
TC.TG.LDL,VLDL,APoB,UA . PTH % BMI,TYG-BMI. {H
AE % L HDL-C. 25 (OH) D 7K °F- 5 J& NAFLD #H H 5 AR (P<
0.05) X ZcET2DM B # A UE, 5 I8 NAFLD ZHAH LG ,NAFLD
2045 5 K S B9 ML HY ALT . AST . GGT . TC . TG .LDL, VLDL .
APoB .UA .BA .HbAIC & BMI.TYG-BMI, {HIfiLi% 25(0OH)D
7K 56 NAFLD A7 BRI (P<0.05) . WL 1.

AT B R
(n=983)
BRAMNGRHEEE D
< W SR T 4 LAk
4 9 5 B
WV A R
(n=729)
. FRAMTFEAIA
I HEBRFR M B E
0 e B
(n=434)
# NAFLD JENAFLD
(n=234) (n=200)

1 WMAABRREE
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R MANABEREE ;X £5;M,(P,,,P,) ;n,%]
. it B E BiEHE THEH
REIENAFLD  ABIENAFLD P RAIENAFLD  AJENAFLD P KRAIENAFLD S NAFLD Pl
REAS 200 234 115 95 85 99
S icTk4 60.79+11.99 56.98+13.45 0.004 58.13+12.05 53.07+1327 0.001 64.44+11.00 62.37+11.77 0.326
W BRI AR A 10(3,16) 8(2,15) 0.049  9(3,15) 6(2,13) 0.080  10(4,19) 10(3,17) 0262
PRI K M sk 65(32.5) 74(31.6) 0761  37(34.9) 48(41.7) 0.298  28(35.9) 26(30.2) 0.442
TN 8 48(24.0) 64(27.4) 0.251  47(44.3) 61(53.0) 0.299 1(1.3) 3(3.5) 0.355
BM1/(kg/m?) 2371£327  2744+3.65 <0.01 2401311 2774406 <0.01 2330345  27.04=298 <0.01
ALB/(g/L) 39.85(37.60,  40.80(37.78, 0.030 39.90(37.60, 41.80(39.20,  0.001 39.70(37.15, 39.40(36.60, 0.537
42.60) 43.20) 42.90) 44.10) 41.65) 41.50)
DBIL/( pmol/L) 2.35(1.83,3.00)  2.50(1.90,  0.501 2.50(2.00, 2.75(2.10,3.30) 0.175 2.10(1.65,2.55) 2.00(1.60,  0.479
3.10) 3.30) 2.60)
IBIL/(pmol/L) 10.00(7.93, 10.80(8.30,  0.056 10.70(8.50,  12.70(9.28,  0.014 9.50(7.55,11.50  9.10(7.50,  0.941
12.80) 14.15) 13.80) 15.40) 12.00)
ALT/(U/L) 15.70(12.53,  21.20(15.50, <0.01 16.10(13.40, 23.80(16.70, <0.01  15.00(11.30, 18.90(14.10, <0.01
22.58) 34.45) 24.40) 37.83) 19.70) 27.40)
AST/(U/L) 17.90(14.63,  20.00(16.70, <0.01 17.90(15.40, 20.65(17.30, <0.01 17.80(14.45, 19.40(16.20, 0.014
21.88) 26.80) 21.90) 27.70) 22.00) 25.50)
GGT/(U/L) 20.60(14.00,  30.00(19.60, <0.01 22.80(16.80, 32.45(22.18, <0.01 18.10(13.30, 27.40(18.60, <0.01
29.63) 46.00) 32.60) 53.33) 26.05) 36.70)
BA/(pmol/L) 2.77(1.71,4.65)  321(2.16,  0.064 2.97(1.83, 3.02(2.05,4.70) 0.689 2.48(1.65,4.14) 3.27(2.24,  0.016
4.83) 5.00) 491)
HbAlc/% 8.40(6.90, 8.80(7.40,  0.089 8.60(6.90, 8.70(7.10, 0.793  8.10(6.75, 8.90(8.30,  0.017
10.40) 10.50) 10.30) 10.50) 10.55) 10.30)
FBG/(mmol/L) 7.62(6.12, 8.38(6.42, 0.163 7.62(6.14, 7.96(6.40, 0233 7.61(6.01, 8.57(6.44, 0473
10.54) 11.54) 9.98) 11.90) 11.19) 11.16)
TC/(mmol/L) 4.45(3.76,5.18)  477(4.01,  0.002 4.23(3.53, 4.70(3.87,5.44) 0.016 4.69(3.90,5.31) 4.95(421,  0.039
5.59) 5.10) 6.16)
TG/(mmol/L) 1.16(0.87,1.75)  1.86(1.26, <0.01  1.16(0.87, 1.89(1.30,3.05) <0.01 1.13(0.87,1.90) 1.76(1.24, <0.01
2.71) 1.72) 2.48)
HDL-C/(mmol/L) 1.04(0.89,1.24)  0.97(0.83,  0.002 1.01(0.87, 0.90(0.81,1.05) 0.001 1.10(0.96,1.33) 1.06(0.90,  0.221
1.15) 1.72) 1.25)
LDL~C/(mmol/L) 2.90(2.33,3.48) 3.22(2.59,  0.004 2.77(2.2,3.42) 3.06(2.48,3.6) 0.04 2.99(2.45,3.86) 3.37(2.67,  0.031
3.72) 4.12)
VLDL-C/(mmol/L.) ~ 0.43(0.28,0.58)  0.57(0.40, <0.01  0.40(0.25, 0.57(0.39,0.76) <0.01 0.46(0.35,0.66) 0.58(0.44,  0.001
0.80) 0.53) 0.83)
ApoA1/(mmol/L) 1.33(1.16,1.50)  1.32(1.15,  0.171 1.29(1.14, 1.25(1.12,1.40) 0.100 1.39(12.00, 138(1.23,  0.666
1.47) 1.47) 1.62) 1.53)
ApoB/(mmol/L) 0.76(0.64,0.89)  0.84(0.67,  0.001 0.74(0.66, 0.79(0.65,0.96) 0.046 0.79(0.65,0.91) 0.88(0.73,  0.003
1.00) 0.88) 1.10)
UA/(mmol/L) 291.45(238.30, 317.60(267.90, 0.910303.00(252.40, 334.10(285.60, 0.009 260.10(224.05, 291.10(244.00, 0.027
355.43) 381.00) 379.30) 398.80) 328.00) 355.00)
Cr/(mmol/L) 69.75(62.13,  72.10(64.35, 0.163 74.90(67.20, 76.50(70.80,  0.192 63.40(56.75, 64.70(56.40, 0.725
79.95) 82.33) 84.80) 86.40) 70.65) 72.60)
25(0H)D/(ng/mL) 18.27(14.05,  15.89(12.33, <0.01 18.51(15.53, 18.06(13.59, 0.039 17.02(12.78, 14.31(10.62, <0.01
24.63) 19.94) 27.52) 21.70) 22.75) 17.60)
0C/(ng/mL) 13.35(10.08,  12.79(10.09, 0.152 12.18(9.44, 12.24(9.98,  0.855 14.81(11.42, 13.47(10.32, 0.124
17.47) 15.90) 15.81) 14.77) 18.98) 18.33)
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g1

A B

F e Lotk B

L

KAEIFNAFLD  AIENAFLD P RAJENAFLD AJENAFLD  P{H  KAIENAFLD  AJFNAFLD  PfA

B-CTX/(ng/mL) 0.41(0.24,0.64)

0.37(0.27, 0.717  0.32(0.19, 0.37(0.27,0.52) 0.190 0.53(0.34,0.73)

0.40(0.29, 0.051

0.55) 0.59)

PINP/(ng/mL) 37.20(28.96,  38.25(28.34, 0.882 34.07(25.47, 35.21(26.60, 0.692 46.72(33.53,  43.02(32.6, 0.525
53.85) 51.37) 48.88) 47.63) 62.55) 55.48)

PTH/(pg/ml.) 35.55(28.56,  39.13(32.46, 0.018 3532(27.05, 39.71(32.76, 0.016 37.65(30.84,  37.24(31.9, 0416
47.31) 48.68) 47.40) 46.88) 47.21) 49.44)

S0 CAK/(mmol/L) — 1.41(1.98,2.72)

1.22(1.88, 0.572  1.94(1.37,

1.93(1.20,3.35) 0.706 1.99(1.45,2.87) 1.81(1.21, 0.209

2.87) 2.58)

IR/ (mmol/L)  7.65(4.58, 3.58(6.28,  0.120 8.45(4.03, 5.81(3.50, 0.206  7.56(4.58, 6.85(3.71,  0.390
11.43) 10.58) 11.67) 11.00) 11.26) 10.56)

TYG-BMI 176.91(159.55, 213.59(191.92, <0.01 180.48(163.37, 214.27(193.66, <0.01 172.36(155.46, 212.55(187.06, <0.01
196.86) 237.60) 197.36) 242.16) 196.01) 234.32)

22 AR 250H)D K -F 45 T2DM & % NAFLD % 5% % ik

HF 434 Z I 545 18 25 (OH) D K43 hy 4 A2 3 D e
Z 4[25(0H) D<20 ng/mL1296 f5i] , 4 A= 2R D A JE 4120 ng/mL
<25(0H ) D<30 ng/mL]108 i , 4 4= F D 78 L 41[(25(0H) D
>30 ng/mLJ30 fil , 4E A= 2 D ik = A 178 NS84 NAFLD
(60.1%) , 44 E D AN 4 A 49 N NAFLD (45.4%) , 1fij
HHERED AP A T NEA NAFLD(23.3%) , 22 7 BA 5%
P2 L (¥*=19.075, P=0.000) . PP L8 &80, 44 Z D
HEZ 4100 NAFLD B0 %8 T4 E DA LA LB R D
JRHH, 2 SAFAES 2 25 L (P<0.05) , Ifif NAFLD F B e
Atk Z DAL S E D FE A 2 B SRR
2.3 25(0H)D /K -F . TYG-BMI 5 NAFLD # & &4 B & 4948
* b

AHICHE S BT R B X AT T2DM (5 Sk ik, 25(OH) D
5 ALB (r=0.214, P<0.001) . [B] 2 IH£T 2 (=0.124, P=0.010)
SEIEAM ;5 HbA1C(r=-0.190, P<0.001) .FPG(r=—0.112, P=
0.019) . TC (r=-0.114, P=0.017) , TG (r=-0.231, P<0.001) .
LDL (r=-0.103, P=0.032) . VLDL (r=—0.151, P=0.002) . ApoB
(r=—-0.161, P=0.001) . TYG-BMI (r=-0.231, P<0.001) % {7 #
%o TYG-BMI 54E{# (r=-0.242, P<0.001) JHFE(r=—0.166,
P=0.001) \HDL-C(r=-0.260, P<0.001) .25(OH)D(r=-0.231,
P<0.001) 2 A ; 5 ALB(r=0.123, P=0.01) .IBIL(r=0.155,
P=0.016) ,ALT (r=0.290, P<0.001) . AST (r=0.162, P=0.001) .
GGT (r=0.390, P<0.001) . HbA1C (r=0.133, P=0.006) . TC (r=
0.196, P<0.001) . TG (r=0.681, P<0.001) . LDL-C (+=0.170, P<
0.001) .VLDL-C(r=0.431,P<0.001) . ApoB(r=0.208, P<0.001) .
FPG(r=0.370,P<0.001) UA(r=0.265,P<0.001) 4 [F A%,

b 5Bk T2DM 2 # Sk it , 25(0H)D 5 TC (r=0.145, P=
0.021) .TG(r=-0.237,P<0.001) \VLDL-C(r=-0.144,P=0.023) .
Apo B(r=-0.134, P=0.035) . TYG-BMI(r=-0.215, P=0.001 ) &
A 56 5 TYG-BMI 5 4 % (r=—0.395, P<0.001) . 5 f& (r=
-0.240, P<0.001) \HDL-C(r=-0.218, P=0.001) .25(OH) D (r=

-0.215,P=0.001) £ 7 A1 3¢ ; 5 ALB(r=0.218, P=0.001) . IBIL
(r=0.172, P=0.007) . ALT (r=0.288 , P<0.001) , AST (r=0.132,
P=0.038) . GGT (r=0.383 , P<0.001 ) . HbA1C (r=0.137 , P=
0.031) \TC(r=0.287,P<0.001) .TG(r=0.741, P<0.001) .LDL-C
(r=0.231, P<0.001) , VLDL-C (r=0.524, P<0.001) . Apo B (r=
0.230, P<0.001) . FPG (r=0.345, P<0.001) . UA (+=0.239, P<
0.001) 2 IFAEX,

Xf 4z 1 T2DM BB Sk 3, 25(0H)D 5 ALB (7=0.294, P<
0.001) ,HDL~C (r=0.156, P=0.034) & [E i 5¢ , 55 HbA1C (=
-0.317, P<0.001) . TG (r=-0.242, P=0.001) . TYG-BMI (r=
-0.271,P<0.001) £ i #1& . TYG-BMI 5 ALT (r=0.280, P<
0.001) ,AST(r=0.188, P<0.001) .GGT(r=0.396, P<0.001) .TG
(r=0.609, P<0.001) \HDL-C (r=0.287, P<0.001) . VLDL~C (r=
0.335, P<0.001) . ApoB (r=0.216, P=0.003) . FPG (r=0.394, P<
0.001) , UA (r=0.284, P<0.001) £ TE A1 % , 5 25 (OH) D (r=
-0.271,P<0.001) EHAHE. K2,

24 YA FEDHZ 5 NAFLD B9% F 2 {6948 X M

logistic [1H 437 45 A48 7%, XT BT A T2DM J8 35 % 3, 78
YE—2 A  BML S AR L ALB (Bl 3AHZT 2  ALT AST,
GGT.UA.BA.TG.HDL~-C.LDL-C.VLDL-C.APoB.HbA1C.
PTH R , 424 R D ez AN FHEAE R D R EH K4 EZE D
FEEA T2DM 3, & 42 NAFLD A4 XU 34 i (Model 1 OR=
2.347,95%CI=1.423~3.871,P=0.001;Model 2 OR=2.478,95%CI
=1.472~4.172, P=0.001; Model 3 OR=2.057, 95%CI=1.172~
3.610,P=0.012) . X% ¥k T2DM B35 ki, 7E9F— 0% |-
WG N E )G, geE DB 4L TR R DA R4 K 4
AFE DL R T2DM B35, & AE NAFLD 1 XL B 3 Jin
(Model 1 OR=5.52,95%C1=2.008~15.177,P=0.001;Model 2 OR
=5.342, 95%CI=1.776~16.061, P=0.003; Model 3 OR=3.734,
95%CI=1.108~12.578, P=0.034) , {H X} T 14: T2DM s 3k 5,
A FR DG Z 1Y T2DM SB35 & LE NAFLD B XU 5 ek R
D HZ 1B TCL T2 22 5% (Model 1~3 P>0.05) . W33
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%2 25(OH)D.TYG-BMI5 NAFLD fg K E =48 K 45 17
EEpE FHRE TR
Si 25(0H)D TYG-BMI 25(0H)D TYG-BMI 25(0H)D TYG-BMI
r P r P r P{H r PIE r P{E r PiE
AR -0.044 0369 -0.242  <0.001 0.072 0263 -0395 <0.001 -0.034 0651 -0.036  0.633
WO -0.052 0278 -0.166  0.001  -0.031 0.628  -0.240  <0.001 0.002 0.978  -0.063 0.401
ALB 0214  <0.001 0.123 0.010  0.086 0.177 0.218 0.001 0.294 <0.001 -0.050  0.500
IBIL 0.124  0.010 0.115 0.016 0.076 0234  0.172 0.007 0.061 0.409 0.012 0.873
ALT 0.043 0.367 0290  <0.001  -0.042 0.509 0.288  <0.001 0.076 0.304 0.280  <0.001
AST 0.026  0.596 0.162  0.001  -0.036 0.572 0.132 0.038 0.067 0.368 0.188  <0.001
GGT -0.048 0.324 0390  <0.001  -0.122 0.055 0383  <0.001  -0.089 0.231 0396  <0.001
BA -0.049 0314 -0.048 0314 -0.054 0394  -0.084 0.185  -0.076 0307  -0.010  0.897
HbAlc -0.190  <0.001 0.133 0.006  -0.104 0.101 0.137 0.031  -0317  <0.001 0.128 0.083
TC -0.114  0.017 0.196  <0.001  -0.145 0.021 0.287  <0.001 0.008 0.910 0.104  0.160
TG -0231  <0.001 0.681  <0.001 -0237  <0.001 0.741  <0.001  -0.242 0.001 0.609  <0.001
HDL-C 0.031 0.519  -0.260  <0.001 0.025 0.693  -0.218 0.001 0.156 0.034 0.287  <0.001
LDL~C -0.103 0.032 0.170  <0.001  -0.123 0.053 0231  <0.001  -0.017 0.815 0.118 0.111
VLDL-C -0.151 0.002 0431  <0.001 -0.144 0.023 0.524  <0.001  -0.093 0.212 0335  <0.001
ApoB -0.161 0.001 0208  <0.001  -0.134 0.035 0230  <0.001  -0.124  0.095 0216  0.003
TYG-BMI -0.231  <0.001 - - -0.215 0.001 -0271  <0.001 - -
25(0H)D - - -0.231  <0.001 - - -0.215 0.001 - - -0271  <0.001
FPG -0.112 0.019 0370  <0.001  -0.116 0.067 0345 <0.001  —0.099 0.181 0.394  <0.001
UA 0.032 0.507 0.265  <0.001  -0.013 0.833 0239 <0.001  -0.065 0.380 0.284  <0.001
#3 25(0H)D 5 NAFLD t8% 14 # logistic B 134> #7
- e BkEE TR
OR(95%CI) PE OR(95%CI) P{E OR(95%CT) PAE

Model 1 2.347(1.423~3.871) 0.001 1.524(0.827~2.809) 0.177 5.52(2.008~15.177) 0.001
Model 2 2.478(1.472~4.172) 0.001 1.496(0.790~2.835) 0.216 5.342(1.776~16.061) 0.003
Model 3 2.057(1.172~3.61) 0.012 1.341(0.654~2.747) 0.423 3.734(1.108~12.578) 0.034

1 : Model 1 P2 . BMI JREE ; Model 2 4 Model 1+ALB IBIL ALT AST .GGT . UA .BA ; Model 3 J#%% Model 2+TG .HDL~C .LLD-C .VLDL-C .

APoB .HbA1C .PTH

2.5 TYG-BMI5 NAFLD # 5% % 2 [a] 4948 % &

W 1% B2 725 it TYG-BMI #% = 4 57 B A £ = 434 Q1
(<181.65,n=141) ,Q2(181.66~211.39,n=145) .Q3(>211.40,
n=148) 4 . KM logistic [FIF /3 HT ¥R A2 K R AT L . 45
FARRTERTA T2DM &% h , TYG-BMI 5 NAFLD 55 % 5
IEADG . Q241 Q3 41AA X T Q1 41, T2DM i 4 f NAFLD
B XU 8 35 4R v o e — 2D AR S  BMI L 2 L ALB.
IBIL,ALT ,AST,GGT,UA .BA ., TG ,HDL-C ,LDL-C . VLDL-
C.Apo B.HbA1C .PTH J& , TYG-BMI 5 NAFLD Ky 3% # X% %
15 2 2 #H 5& (Model 1:0Q2 vs. Q1: OR=3.427, 95%C1=2.029~
5.787,P<0.001;Q3 vs. Q1: OR=22.403,95%CI=11.777~42.618,
P<0.001; Model 2: Q2 vs. Ql: OR=3.134, 95%CI=1.823~
5.385, P<0.001; Q3 vs. Ql: OR=19.556, 95%CI=10.104~
37.850, P<0.001; Model 3: Q2 vs. Q1: OR=2.763, 95%Cl=
1.572~4.857, P<0.001; Q3 vs. Q1: OR=13.330, 95%CI=6.650~
26.718,P<0.001) . TYG-BMI 5 NAFLD &5 % 2 [A] i) 1 AH

JRAE T2DM B P2 e (8 5 Th e 3 IR IR IE I, A G
PEAIIR .35 (P<0.05) .
2.6 TYG-BMIE#%AE D482 5 NAFLD & & & & P e94E A
25(0H)D . TYG-BMI F1 NAFLD =2 [a] f) e B 4n I 2 ff 7w o
A BT B , X FA T2DM #3408, 25(0H) D 5 TYG-
BMI i 40 %, TYG-BMI 5 NAFLD i 485, 25(0H) D %}
NAFLD %A %4 W3 1Y B 5% W (B=-0.032, 95%C1=-0.064
~=0.001) , Kt TYG-BMI #4347 25(OH) D % NAFLD %
A SIS0 (B=-0.045, 95%CI1=-0.069~-0.026) . 144
R A H 43 58.66% . X T4k T2DM i K it
25(0H)D 5 TYG-BMI i ZE 415, TYG-BMI 5 NAFLD & Z 4H
R, YA 2 DX NAFLD &A= 5 1 35 1 B2 (B=-0.075 ,
95%CI1=-0.136~-0.013 ) , TYG-BMI #F 43/ 5 25 (OH)D %f
NAFLD % /L % [ [8] £ 5 Wi (B =—0.046, 95%CI=—0.081~
-0.024) . HEAFHBTATE SN 38.07%, THTESRAE Y M
2 AT R BRI
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#£4 TYG-BMI 5 NAFLD #8351/ logistic [E] )3 43 7
- EEpsES Pilcdiie TR
OR(95%CI) PAE OR(95%C1) PAE OR(95%C1) PIH
Model 1 Q1 1.00 - 1.00 - 1.00 -
Q2 3.427(2.029~5.787) <0.001 4.055(1.976~8.322) <0.001 3.061(1.374~6.821) 0.006
Q3 22.403(11.777~42.618) <0.001 31.763(12.306~81.986) <0.001 17.364(7.007~43.030) <0.001
Model 2 Q1 1.00 - 1.00 - 1.00 -
02 3.134(1.823~5.385) <0.001 3.654(1.711~7.804) 0.001 2.533(1.065~6.024) 0.036
Q3 19.556(10.104~37.850) <0.001 29.563(10.975~79.636) <0.001 14.856(5.498~40.142) <0.001
Model 3 Q1 1.00 - 1.00 - 1.00 -
02 2.763(1.572~4.857) <0.001 3.545(1.576~7.975) 0.002 2.662(1.057~6.702) 0.038
03 13.33(6.650~26.718) <0.001 19.623(6.566~58.646) <0.001 12.599(4.372~36.079) <0.001

T Model 1 P32 AR GFE 5 Model 2 %% Model 1+ALB . IBIL ALT AST .GGT . UA .BA ; Model 3 J4% Model 2+TC . TG .HDL-C .LLD-C,VLDL-C .
APoB .HbA1C .PTH

g3 A1
B=-0.045
(95%CI=-0.069~-0.026)

[EEE3-A10)
B=-0.046
(95%CI=-0.081~-0.024)

TYG-BMI TYG-BMI
) N
- © )
g 3 g %
g ug () %

. $ 2 5/ 7%
o 13 IE 22
~ & R 4 23

I~ o o Q 2 >
Q / 2% u >

I 1 S ©
O = N >
N =) 5 >

$ 2 ¢
25(0H)D NAFLD 25(0H)D NAFLD
BRI BRI
B=-0.032 B=-0.075
(95%C1=-0.064~-0.001) (95%C1=-0.136~-0.013)
AT B B. ERH
B2 25(0H)D.TYG-BMIFINAFLD /s> Hrss R
FiE A B KA o T2DM B2 % b 4/ R D k=
3% iR

5 NAFLD %& A= % 5 1 4 ¢, TYG-BMI &8 7 /i
25(0H)D % NAFLD % A= #2110 5

Barchetta [ 2% F7ZE T2DM ', NAFLD 51K /K
F-25(0H)D AR SR VIR 5, A S5 R —3 . [H]
¥E, Chung GE 22 31 25(0H)D 7K -5 NAFLD Hk
KRR, A, Eliades M 282 Z 28 5 M 32 B
NAFLD £ 5 (44 2 D AR 8A% . {HAF5TE 25(0H)
D 5 NAFLD % 51 25 5 W 0F 58 A R, 5 51 72 7
T2DM AfEr . AW A5 R R, 25(0H)D J2& % %

AWFEE DL T2DM B35 M50 42, 45 AR R TE
fi A T2DM 35, 5 JC NAFLD 40 A0 b, NAFLD 21
BE M TYG-BMLH 5, 25(0H)D /K FHEAL, JFH S
PR Lo B o B R ARt 3. A
R N el B RS sl Aotk T2DM B T, 25(0H)D
HTYG-BMI¥ R TAH ., 2R H logistic [1H 5% 1R
IRINZEJG, KA E DB = S frf B A & ik
T2DM & &4 NAFLD RGN & . Toie & B 1k T2DM 3% &A= NAFLD [ a7 fa 6 PR 2, e 55 1
Rt B TYG-BMI 5 NAFLD 2 [i] 77 7E 1F AH X — KRR IFAE . B AN, NAFLD [y
K F, JoHIE TYG-BMI 5 & =4 B A T R G PR 22 Rl DR 45 SR S A7 e 1 ) 25 5
AR =43 57 B4 19 T2DM 582 % & A= NAFLD 14 X ELAILTR 38 AN T A, SR ke 119 S B 4R P AT B2 5 S i)
Wt 2 . I EEAT A T, BT TYG-BMI RIZE,

BN FYEEZE D 5 NAFLD BRI G, 45 3 kM R 250 R e S B R DA R 5 2R BRURR M 1) & A
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|, (HH R e 1 AR I DR N 9 JRy BIR e, 76 S B v
MELLT 12 AR PR PR r 7 2 87 B HL AR AR 1)
BRIl R TR F2 B A PEAS AN T o dee T ) — T
WS 2B, TYG-BMI 2 b HoAth 48 45 58 A 2409 1R 5
RAEFRT, AT & B 25(0H)D % NAFLD B 50
438 3 TYG-BMI A 5. TYG-BMI 5 NAFLD f 5%
Z 0] LLGE a3 2 AN G R4 (TG AT FPG) 5 IR 1Y%
Y156 2 K/ B, 1 TR 7E NAFLD (1) & A2 & i vt 56
HEVE Y, IR 78 NAFLD " 594 FAIL 0 5 K 1 i
25N W R s S 0 1R o 2 e L SEUAR R L P I
S 3 TR R G RRE N 2 AR S I 7
Pt AWEVEAES, BeAh, e i Ag B e s v i
o A 984 22 e 75 5 B 2R IR B R A ) fE S
B JE RN AE AR T BUF A Z 45, TR G L 9
il ke 82 2R B8 ) 10 61 i s AL SN i, 344 0 g P 7 K ke
A, S b, NAFLD H 38 B8 42 I8 i 1 6
NAFLD B E N 34527, 5540, LA H IR A 34 m
SO AR ANE , H B A IR AR X AR,
S T HEMIF . TYG-BMI % NAFLD 50 114 7] fig
BLET Y, B T 0 2 PE ML, 36 v 68 ¥ SO0 25 14 HL
eSS — T, B A4 A A T e R LR D
B I B ) I RE 1 B e Sk & Bl s 55— T,
JHFIE TR (%) & A= mTfofi 48 28 0 B2 1) BUMR 7 A o 42
HE— R HE NAFLD 19 &4 KISk e
S BT S o B A H T A AT
AT — 2 S5 AR A e-8k a— 2 3 & A R R
S, DTG B A4 A 7= A G 30040 S A 2 A = ), a0 T
S2I NAFLD i & Az J0, pe Ak, BMI J&— i o
AR B 250, VR RE BE R IR #8457 AE A
AN G 7 2 208 i 358 o 5 R i R Vi S s
%, 3 ] RS2 I 9T 1 B 2 MU I S R R
PR AR B i TYG-BMI 5 NAFLD [ & B A % .
KAHFFE A 25(0H)D 5 IR A K29 % HA
WL A HMI Ao 25(0H)D 1y —F b 2= {5 i
A k5 B A A A5 1R Y 2 AR R AR R HEAE
Mo AN FEAERDRBINER-MEEKERR
By Ak TS L A B AN A 2 o kA R D ASAL AT L
A 3 3 A 1 T A S P R R T B R W, i
AL DL A o) R S 2R A7 AR Y 2 8 RN O A A Ak
Yy Tt 1A 158 B ) 98005 32 K S (peroxisome proliferator—
activated receptor &, PPAR-8 ) 2 2t 35 Jik i R AHURE |
WFFE 2B, 4R 28 Dl {5 IR AH OG0 e P40 i R 7
P IR S 25 & B R E AR DK 5 32
AR T, BT M S0 Y BRAE A AR ke BE
25(0H)D R R I Ui 25 05 105 2 175 5 () A1 R 2 LR -4
LR IR™, ARG [FIAE & 3L TYG-BMI 5 HA % 4t
i 5% R HEHTE FR (HOMA-IR 256 Hi 6 50 . QUICKT)
FETEI] BAH M, B 25(0H)D 5 TYG-BMI 2 Ja] i 3%

HH

BT TYG-BMI 2 54k E D5 NAFLD Z [A] Y
B R A1, 98 RE AL N B T BB 52 1 NAFLD (1) &
JE . IR, 25(0H)D K S A9 A SR R A=
YIbR S0 BE 5, 25(0OH)D (145 A 23 B AR S Ak 1
WO P 25(0H)D B 1A A X B 4 AT Bt R A
R [RIAE 4 2R 3R Dk Z 30 s H TR ER 21 i )
A8 A2 10t FIIE o 39 A2 5 4 i PR - 51 R Y 48 ORE 3
Jines, T, FEE A B 22 18] A9 A AT FH AR B
A e & NAFLD & 9 FiE BB e R N 2 —, &
FFE R, 76 T2DM B 5w 44 R D S v] gl o
a8 726 0 T s A 1 ) R Rk s T U o 2
gy RN IO YRR A BT AE NAFLD (9 % 9% AL
il H & SR S R, dEAE R D AT RE SRS TYG-
BMI A1 5 At ¥ 78 5% i [ 2 3 [F] A & 25(0H)D 5
NAFLD % & .

AWFRA—ERN )RR, 5%, RS2
NAFLD, JG ik A & Mo kG 0 21 <209% 114 FFAE g 15 32 1 o
FEREREAT S 12 W NAFLD H3E 1 S hn i s SR i T
AR, KRR IR T ARG IR N . HR A
WF 58 FEBETT L 8 TR 7 1 AF 5, JCvE A5 B SR Sk
R o ARAATTEETEE BT ITAL 25(0H)D  TYG-
BMI 5 T2DM 4 71 NAFLD i % & .

4 4 g

LR E gL R DEZ 5 T2DM & Ff: NAFLD
FRIRHRIEINA G . HrP TYG-BMIF A5 25(0H)D
5 NAFLD % A= R A AH SNE SR AT 75 2 R REPERF 5T
REEIX — KR,

Z % X
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