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FEE: B 3R 3R B AR B T 9% (NAFLD ) & 5F 2 248 Rk % o oo 75 A 4 2 2 e £ K B T 21
(FGF-21)#2 microRNA—21(miR—21)K-F BB LG R E L, ik LI 202041 A—20244F 1 A Bm T %
ZARE M 8 106 ) NAFLD &-5F 2 BU4E fkom & 2 4R35 & 5 NAFLD 4 4042 5, B it o 2F S 3% 4
A VLI (27 48] ), AE HE R PEAT 4F Yok B A Ay xR (79490 ), MCSE 3B 3 6 16 R HHT, P 9 48 3 04 IR AR,
AR T IERR B, 5] & F FGR21 KT fe miR—21 MAxt Rk &, B8R  WRAHH =8 (TG) f I
R 3 AT AR (LSM) 3 & T2 BB (P <0.05) , & % B g & @ (HDL-C )& T 2 R 28 (P <0.05) , LR AHEAL
A 4% & (HbA1c) Aol B F 4R35 4 (HOMA-TR ) ¥ & T3 AL (P <0.05) , FGF—21 K F F= miR —21 48 % 3
FR BT RA(P <0.05), % W& —H& Logistic B )3 54 , £ %jm:-TGﬂ@r[OR 3.710(95% CI:1.288,
10.688) ] L\ LSM [6R—1 657 (95% CI: 1.188,2.311) | . HbAlc 7J<-T—[OR 1.806 (95% CI: 1.184,2.754) ] .
HOMA-IR & F [ OR=8.423(95% CI:2.860, 24804)]%:&1\,% VAT 4F e et & T B 2 (P <0.05) ; HDL-C &

[OR 0.002(95% CI:0.000,0.042] . FGE-21 7&%[01{ 0.229(95% CI:0.056,0.940) ] F= miR-21 48 2+ & X &
[OR=0.020(95% CI: 0.000,0.785 ) 13 A i#t Jh PLIF 2 4 AL 89 14 B 4 (P <0.05) ., & iK% TAEH A v 2525 R
2 7%, LSM . FGF—21 .miR —21 B4~ FR | i B M AT & Se b 6 o 25 F @ A 0.925(95% CI1:0.865,0.988) , A Bt
#92.6%(95% CI:0.757,0.991) , % 1 H 83.5%(95% CI:0.735,0.914) , Z5if NAFLD &-JF 2 & ¥ ok B 4
A FGF—21 K -FFo miR —21 A8 st AR FafJm it R A 2350, 2 FUM R 4F e fl o & B 4547,
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Serum levels of FGF-21 and miR-21 in patients with non-alcoholic
fatty liver disease and type 2 diabetes: changes and clinical
significance*
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Abstract: Objective To investigate the changes and clinical significance of serum levels of fibroblast
growth factor 21 (FGF-21) and microRNA-21 (miR-21) in patients with non-alcoholic fatty liver disease (NAFLD)
coexisting with type 2 diabetes (T2D). Methods A total of 106 patients with NAFLD and T2D were recruited in our
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hospital between January 2020 and January 2024. Based on the severity of NAFLD fibrosis, patients were
categorized into the observation group (n = 27) with progressive fibrosis, and the control group (n = 79) with non-
progressive fibrosis. Clinical data of patients were collected, and lipid and glucose metabolism as well as the liver
stiffness were compared between the two groups. Serum FGF-21 levels and relative expression of miR-21 were
measured. Results The observation group exhibited higher levels of triglyceride (TG) and liver stiffness
measurement (LSM) (P < 0.05), and lower levels of high-density lipoprotein cholesterol (HDL-C) compared with the
control group (P < 0.05). The observation group showed higher levels of hemoglobin Alc (HbAlc) and homeostatic
model assessment of insulin resistance (HOMA-IR) (P < 0.05), and lower levels of FGF-21 and miR-21 expression
(P <0.05). The multivariable Logistic regression analysis indicated that high TG levels [OAR =3.710(95% CI:1.288,
10.688) ], LSM [OAR = 1.657(95% CI:1.188,2.311) ], HbAlc levels [OAR = 1.806 (95% CI: 1.184,2.754) ], and
HOMA-IR [OAR = 8.423(95% CI:2.860, 24.804) | were risk factors for progressive fibrosis (P < 0.05), and high
HDL-C levels [OAR =0.002(95% CI:0.000,0.042) ], FGF-21 levels [OAR =0.229(95% CI1:0.056,0.940) ], and miR-
21 expression [OAR =0.020(95% CI: 0.000,0.785) ] were protective factors for progressive liver fibrosis (P < 0.05).
The ROC curve analysis showed that the combined detection of LSM, FGF-21, and miR-21 had a diagnostic
accuracy of 92.5% (95% CI: 0.865, 0.988) for predicting progressive liver fibrosis, with a sensitivity of 92.6% (95%
CI: 0.757, 0.991) and a specificity of 83.5% (95% CI: 0.735, 0.914). Conclusions Serum levels of FGF-21 and

miR-21 play a significant role in the progression of NAFLD coexisting with T2D and are important markers for

predicting progressive liver fibrosis.
Keywords:
progressive fibrosis
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VEHL 2020 4F 1 F—2024 4F 1 A AEWII 46 — A
S B8 7 19 106 1] NAFLD 4 3 2 UE PR 3% K
WFIE X 4, LA R % NAFLD 2T 4 AL A2 5 o ik J
ST YAk B VR N LEEZH (27 1), Ak 1k R AT 47 4k 4k
FBOEAE X B (79 191)) o ULES A 55 1 16 1], Lo i
11 45 ; - Y9 4F 15 (49.26 £5.63) % 5 TN & TR & KL 55 7
it (alanine aminotransferase, ALT) (82.42 8.86) u/L.,
K114 24 1R 54 5L 7% % i (aspartate aminotransferase,
AST) (61.74 + 7.02 ) u/L, XF B2 T34 43 ], 2ot 36 41 5
VB4R % (49.86 £5.92) % 5 ALT (80.18 £8.63) w/L,
AST (59.41 £6.82) w/L. P9 411 5l 4 B . 4 % L ALT
AST Kb, 2 X% « K B8 22 R ¥ LG it 24
(P>0.05). WIdLEBEA P
1.2 WANSHERFRAE
120 saadrg OFFEC E 2 BB IR B iG 48
B (2013 4F Jig ) )b 2 B8 PR 14912 Wi b of s @QFF &
CHR PR 14 Hi J 4 90 B 76 4 P (2018 4F B 8 i ) )
o NAFLD 112 Wi b 1 ; @ A 2L 3 4~ H oK 4252 %
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Q& I W 5 ) I W AR G 5 B A 2 R e g
9o 3 I P s FLA 2ot
1.3 PEBEHCIEHB A

ity IBC AR 0 SR R K L, R FH R I3 B A )
BT LTI A BR A R 5390 42 H 3l A= Ak 2 A7 ARG
T F8 E 003F S AE [ B (total cholesterol, TC) | H il =
fif (Triglyceride, TG) . Ik % JFZ i & 11 (low density
lipoprotein cholesterol, LDL-C) . EBEEREA (high
N (N
(fasting plasma glucose, FPG ) 7K ~F- 5 i 13 =5 R W AH €2
i 32 0 5 BEAL 141 2 11 (Hemoglobin Ale, HbAle) 7K
5 SR AR A RO B 4y B R I s TR B R
(fasting insulin, FINS) , Jf 3 5 B & R #k $1 45 %%

(homeostatic model assessment of insulin resistance,
HOMA-IR ) ,HOMA-IR = FPG x FINS/22.5,
1.4 BFRERE il

% A E Echosens 23 7] 4E 72 1Y FibroScan 502 %Y
I R S50 30 1SRG T A8 % U 9844 A (L (Liver
stiffness measurement, LSM ) , & & BUM BN , A B
A W R b LA T )T A S T B
W E FRAL, T IR I 29 1 em 07 8 J5CE BOREAE
T LIRS ARG S 18] 58 T A4 SR S A
AN RURAE B 254, TF RS T3 ~ 55,1
PR MR E 5 X R T LAR 4GS, ISR X HLAR
0.5 ~ 2.0 em AL X3, 10 %P2 1H
1.5 & FGF-21 7K FF0 miR-21 iz

RAE B S mL AP E DKL , SR IR G 922 18 Y
IR L3 FGF-21 7K o 38 3 Ficoll 5 BE 45 2 9
DRI B AL AN, A AL s P R A RS
w2 Bt B TRIzol 1377 D542 200 Jifd b 42 BIUEL RNA , 398
i 7 L cDNA o SR ) 5% [ Biorad 23 ] $2 1) 92 B 5¢
o iR A B 8% KN (quantitative real-time

density lipoprotein cholesterol, HDL-C)

polymerase chain reaction, qRT—PCR) 1, #*47 qRT-
PCRY" 14, W 55195 CHIAEPE 5 min, 95 °C A8
30 5,60 CiE k30 s,72 CHEH 60 s, H 40 DNEFF
miR-21 1F [7] 5] #) : 5'-TCGGCAGGUGGUGGGCCGCA
G-3', KJ¥ 21 bp, S [ 514 : 5~CACTCAACTGGTGTC
GTGGA-3', K JF 20 bp, LLU6 HNZ, U6 IER 59 .
5'-CTCGCTTCGGCAGCACA-3', £ £ 17 bp, J 1] 5]
Y . 5'-AACGCTTCACGAATTTGCGT-3', K FF 20 bp.
i g 24 A miR-21 X Rk i
1.6 HFHNBHRITMIRE

i 1k 2T 4 AL 34> (NAFLD fibrosis score, NFS) il
JHF 41 0 25 30 g B 4 4G A X 43 2o e M I 2 i 4k 5 R
VA e B BT LU A58 NFS = -1.675+
0.037 x 4E 5+ 0.094 x /& = 8 50+ 1.13 x (=5 1M
Wi Z 5 SOE PR, A= 0, &= 1)+ 0.99 x AST/ALT [t
{H -0.013 x IfiL. /M8 ( x 10°/1) -0.66 x 1 7E 7K
F-(g/dL) . NFSTE4r> 0.676 Ky i & PR BT £F 4e 4k 4H
NFS P41 < 0.676 SRy 3E U e v T 21 b 41, - 2 #
SN
1.7 HirEFHE

R 43 T R FH SPSS 27.0 Gt 84k o 1T % R
DAREL = hRifE 22 (x + s) Fon, LRECH K50 5 TH509%
B L (%) R, BB xR 30 s2 i IR R Y
A3 W R 11 22 TR 25— Logistic [0 AR ; 25 ] 5248 3%
T VE %5 4iE (receiver operating characteristic , ROC) i
. P<0.05 HERAGITFE X,

#HR

W20 B E BB R K 5 AN AT AR EE LE 3
XJ R ZH 5 WL EE 20 F8 # TG HDL-C Al LSM 7K -
i, &t K, 2 R A G %8 X (P <0.05) ; 0
F22H TG Fl LSM 7K - 34 85 T % B4, HDL-C 7K ~F-1I%
T HRZE . X HE 20 5 W% 4 i TC  LDL-C /K F- Lt
B, EZRHTGEITHEX(P>0.05), WEK1,

2

2.1

®1 WABREFERRGEMFBEEELE (xs)
ZH 5 n TC/(mmol/L) TG/(mmol/L) HDIL-C/(mmol/L) LDL-C/(mmol/L) LSM/kPa
X REZH 79 4.71 +£0.82 1.88 +£0.49 1.01 £0.23 2.94+£0.72 10.73 £2.29
pUEZSIE | 27 4.92 +1.05 2.51£0.84 0.73 £0.15 3.13+£0.90 1439 +£2.73
t{H 1.067 4.733 5.901 1.108 6.819
P 0.289 0.000 0.000 0.270 0.000
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2.2 WHABEWERE .FGF-21.miR-217KkF L%
X B 2 5 0 %X 4H 5 ¥ HbAle . HOMA-IR . FGF-
21 Al miR-21 AN RIR e LU #R, & ek i, 2 R A 58
T X (P <0.05) ; WEE4H HbA 1e A HOMA-IR /K
i T B4, FGF-21 7K - Fll miR-21 A X e ik H 44
T X R4 . % iR 21 5 W 2 4 B8 34 FPG i FINS 7K
T, & ks, 22 S e gt (P >0.05) .
W2,
2.3 FFiFtREFENLNEmEZS
DA I 5 A R Y D0 Ay PR AR ik (R i R 1 I
Yt fb= 0, dEJRIELF4ifk =1) R 1 k22
A G 2EE SO TG (SEIME ) \HDL-C (SZ{E ) |

LSM ( 52 {0 ) . HbAle ( SZ U {E ) . HOMA-IR ( 52 il
) FGF-21 (2 ) Al miR-21 (52 ) Ny H 728 &,
PEAT 2 R — 8 Logistic 1A 4041, &5 B 2 7R : TG /K
[0 R=3.710 (95% CI: 1.288, 10.688)]. LSM [ O R=
1.657(95% CI:1.188,2.311)] . HbAle /K F[OR=1.806
(95% CI: 1.184,2.754)]. HOMA-IR /K - [ O R=8.423
(95% CI:2.860,24.804 ) |34 & i Jj& M JIT 27 4 1k i) s
[ I & (P <0.05) ; HDL-C 7J<¥[OAR=0.002 (95% CI:
0.000,,0.042] . FGF-21 K F-[OR=0.229(95% CI:0.056,
0.940)1 Al miR-21 4 %F % i £t [ 0 R=0.020 (95% CI.
0.000,0.785) |1 ¥ J& ik SR ME IF 4F i i IR I R (P <
0.05). W3,

x2 WABEERS.FGF-21.miR-21 AXFRIEELE (xxs)
ZH 5] n HbA1c/% FPG/(mmol/L) FINS/(pwU/mL) HOMA-IR FGF-21/(ng/mL.) miR-21
Xif B4 79 8.07 +1.33 9.46 + 1.68 710+ 1.42 3.13+0.56 2.71+0.52 0.51+0.20
WEELH 27 9.62+2.24 10.09 £2.31 751+ 1.64 3.88+0.92 2.33+0.34 0.34 +0.12
t1H 4328 1.521 1.244 5.033 3.541 4.160
P1H 0.000 0.131 0.216 0.000 0.001 0.000
*3 HRMFHELNSEE—M Logistic EIA3HT S

A0S b S, Wald y* P OR 2

TR RR
TG 1311 0.540 5.898 0.015 3.710 1.288 10.688
HDL-C -6.487 1.697 14.613 0.000 0.002 0.000 0.042
LSM 0.505 0.170 8.842 0.003 1.657 1.188 2311
HbAlc 0.591 0.215 7.530 0.006 1.806 1.184 2.754
HOMA-IR 2.131 0.551 14.954 0.000 8.423 2.860 24.804
FGF-21 -1.473 0.720 4.183 0.041 0.229 0.056 0.940
miR-21 -3.935 1.884 4362 0.037 0.020 0.000 0.785

2.4 [niEFGF-21 Bk & miR-21 Xt i B 1 BT 47 4
L BTN E
ROC £k i 7R , LSM . FGF21 . miR—21 It & i il

JE M 25 4k Ak 1 Bl 28 T 1H FH (area under curve,

F4 IMiEFGF-21B4E miR-21 X3t B AT 4 4 4L 7 &

AUC) K 0.925 (95% CI: 0.865, 0.988) , fff J&& ¥ Ny
92.6%(95% C1:0.757,0.991) , K544 83.5%(95% CI :
0.735,0.914) .

WAL,

~ 95% CI 95% CI 95% CI
Ei=tan WA AUCG UM% FES %

TR ERR B R
FGF-21 242 0.753 0.638 0.869 77.8 0.577 0.914 67.1 0.556 0.773
miR-21 0.45 0.817 0.740 0.895 100 0.872 1.000 64.6 0.530 0.750
LSM 13.14 0.857 0.771 0.942 77.8 0.577 0.914 83.5 0.735 0.914
Bt - 0.925 0.865 0.988 92.6 0.757 0.991 83.5 0.735 0.914

+ 89 -



FpIE AR ek

i34 %

U

04 0.6 0.8

0.2

0.0 1.0
14554
E1  MmEFGF-21.miR-21 it R AT 4L iy
ROC #hzk

3 g

NAFLD £ - 2 BUH FR 9o ) 55 5 95 5 2 Joe At ™
AR, 2 BB PR AN U NAFLD (1) 70 57 fa s &K
T LW 15 NAFLD £5 35 0 e 21 4R A0 i AU
W BEiT, 17% ~ 37% 2 BBE IR A 4 IF NAFLD (B35 &
J& Jg it EMERTETEAL” . ARBIESE 106 451 NAFLD 4 52
RIS R R, JE BT AT 41k 5 25.47% ., X TR
J R T NAFLD aF 8 (9 A= 9 45 35 0 ik 58 5
AR, BT, FGF-21 Fl miR-21 V£ NV 1L 1Y 24E Wk s
Y, N TGRSR R B ST . FGF-21 & —
Pl N 43 W 5 BT, RS 5 R IR B S e 2
SO, miR-21 WU 2 TROBE PRI A4 B 1 A o i 5]
RO T, T S8 2o 9 Y P R AL L, el SR A I A N
Fzoime! ", PRt ik 2 N A A i AR Ak BE A e T
I %) TR 285 R B A0 AR Ay o 1 R R 1) DT Al A
TR . ARSI R WAL TG K i F X
HRZ, HDL-C KA T B 4L, B R IR AR S 5
JF2F HE AL E JE 56 R KT TG B g 5 48 i
ZEAL , R BRI A A AR P e AR SR 24
1) S0 Ak 0L 38 R 98 E R, AT A B0 B £ 4 Ak 1 &
JEV SU AEMEE | IR /KA HDL~C ] RE ik 55 JH- Ik 1)
P A AL R JAE T, B AR A B4 £ 0 5 2R itk —
A I 405 AN AT i A AR, B HDL-C RE AR 1E
JIEL [ 6 A ) 340 200 83 1 P O 335 ) 2 3 U2 Jeg 3 g I
DUBRMIAAE . HDL-C 18 2 5 4% Z Fh R Ve BT i T
M, 24 HDL-C 7K - REAR T, 401k Rz 3808 Jon 0 4 i fR
AR, ASAS o s 4 B 53 45, o 42 0 T 2 4 Ak
TR AN, WX HbA e Fl HOMA-IR 7K S & T %t
HRAL, PR BE T i AR S AR e b b R A E &R

HbA le i 5 B F5 252 i IOBIR 2, v I 0 24 5% ] {2
HERE LA L7 i BT GRS o 48040 03, e 4 e
S50 AV A 05, 2F 1 4 Sl AR R B
FAPT T B RS R R I0RE AT 1 9 40 A N
B IBUA B, FE E B 7 I 0478 BT n 38 47 4 Ak gk 72

JIEE J5 A 53 25 L R I A i A A S i e £ 4
Pl R Y OGS R 3R o SR, B RIS IR N B o AR 3
& br A 5000 APTAG £ 2 Ak 5 18 A R B e DUKS
1y B BT O A 20 9 BE AR o i FGF-21 Al miR-21
FEXF 2 35 B 119 A% £k nT 2 S e T 400 6 405 R 2T 4k
FOFE B, AL T — o B RO 8 19 7 2O R4 T
FYEfbit e . AT, MELU] FGF-21 /KL F X
MR, S B LA o RSN A 3R A . AR i
XU ZE R 5T, FGF-21 BEA% 1 5 1 5 25 Uk |, Ik
B2 5 BT, DT A AR A . R, R
20 FGF-21 7K V- R A1 s e J5 I 3% 80/ 0 553 R i o
R RS ZEELI, 30 I £ 2 A iy XU R
WA F I, miR-21 XF 3-F2 5 -3 F 5L 15 — ok
fit} A 38 5L (HMG-CoA reductase, HMGCR ) 45 #1)) il 1
FH AR A b i 2 4. HMGCR 21
B A R B O B Y, miR-21 K BRI 5 5
HMGCR { £ 3G i, 34 1 52 Wl i 240 i v TG & B, 38
JE i Z AP fE NAFLD & 3 2 BU0E R i s % h
miR-21 R AI% AT A8 2 5 25000 [ LS pl 3 n K2 g o 4K
AL, XA SR 5 AT 4 b B I 0
VIR OEP A58 45 Al R, WLER 41 miR-21 AH Xt
FIREAM T XA I, miR-21 (28 b AN Sz
AR IR A, 1 EL AT R 3 a5 ) S B 1 AR i
IR AR N A | 7 W HLAE B W R TR IR T
Hbrh A wEEANE, ZHE M Logistic M3 7047
ZERFEW], TG \HDL-C .LSM .HbAlc .HOMA-IR . FGF-
21 miR-21 3 J2& 5% W 0 J P I 4F dE A i N &R
HE— 25K I8 FGF-21 1 miR-21 3 33 8 5 0 g A% i 4%
L IRAR, WG 55 R I 2R R R o) A [ S
Xof A PR 9% A NAFLD f952 00 . ROC 445 R 3= 1
LSM \FGF-215 miR-21 B A5 Kz I 750300 4F Joe 4 JHT 2T 4
B 1Y AUC 2 0.925, 38 3 LSM B & A4 bn s, vl A
A Wy 2 ) B2 (8 A [R) £ BE 25 VA T £F 24k -
PR 2 )7 vk = T B0 NAFLD & 91 2 B4 PR
S A de Ak e B ER 1 A B TS Az W TR
Ty b 53 3 28 4 Ak, DR A 36 9T DR SR R I e A
i 18
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