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[ ZE] BAY: BT AR M N8 55 P 95 (non-alcoholic fatty liver disease, NAFLD) frJ7 BEARFAE Az e 55 1T I L 9% 4% 5+
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(alanine aminotransferase, ALT) « K [ T4 & IR AL F5 2 [ (aspartate aminotransferase, AST) Z [ RIAH M o [RI I WA 4. 33 451 BT
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NAS VP4 12 56 e it 2355 30 AN NAS P43 19 NAFLD £ BMILALTAST.MRI-PDFF )22 57 i i 2455 o BFE MRI-PDFF
597 A O R RS 9K (r=0.775, P < 0.001), 5 NAS(r=0.478, P < 0.001) \ BMI(r=0.402, P=0.001) & "p FE A6 . SxfHR4L
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The diagnostic value of liver magnetic resonance imaging estimated proton density fat
fraction in non-alcoholic fatty liver disease
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Department of Infectious Diseases, Affiliated Hospital of Nanjing University of Traditional Chinese Medicine, Nanjing
210029, China

[Abstract] Objective: To investigate the pathological characteristics of patients with non-alcoholic fatty liver disease (NAFLD) ,
their correlation with the magnetic resonance imaging estimated proton density fat fraction (MRI-PDFF) and liver function, and to
explore the diagnostic value of MRI-PDFF in NAFLD. Methods: A total of 67 patients with NAFLD at the Department of Infectious
Diseases, Affiliated Hospital of Nanjing University of Traditional Chinese Medicine were recruited from June 1, 2021 to August 30,
2023. Clinical characteristics were retrospectively analyzed based on different pathological fat content and non-alcoholic fatty liver
disease activity score (NAS). Correlations among pathological fat content, NAS, MRI - PDFF, body mass index (BMD) , alanine
aminotransferase (ALT) , and aspartate aminotransferase (AST) were examined. A total of 33 individuals without hepatic steatosis
confirmed by liver pathology were included as controls. The diagnostic value of MRI-PDFF for NAFLD was analyzed by receiver
operating characteristic (ROC) curve. Results: Age, BMI, ALT, AST, MRI-PDFF, and NAS scores showed significant differences
among different levels of pathological fat content. Similarly, BMI, ALT, AST, and MRI-PDFF differed significantly among different
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NAS scores. Liver MRI-PDFF was significantly related to pathological fat content (r=0.775, P < 0.001), and moderately related to NAS
(r=0.478, P < 0.001) and BMI(=0.402, P=0.001). Compared with the control group, the area under the curve (AUC) of MRI-PDFF
for diagnosing NAFLD was 0.989, with a sensitivity of 0.94, specificity of 0.97, and an optimal cutoff value of 4.42%. Conclusion: MRI-

PDFF is a quantitative measurement that can accurately reflect liver fat content, suitable for dynamic assessment and therapeutic

monitoring of hepatic steatosis.

[Key words] non-alcoholic fatty liver disease; magnetic resonance imaging; proton density fat fraction
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sity lipoprotein cholesterol, LDL-C) « A& 2K 1 (a) [ lipo-
protein(a), LP(a) . #fli & H (appolipoprotein, Apo)
Al.ApoB.ApoE B .
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2.1 —AEFH

FFEPINELRINAFLD B 6751, 4564 21~68 %,
SRR G S B (42.45+16.68 )% . TFE AN
SRR ZH 33 9], 4R 23~81 % o PHAL A BER I IR
FRELER 2 .

F1 NASIEHHRA
Table 1 NAS grading criteria

Histological features 0 1 2 3
Steatosis (fatty change ) <5% 5%~33% 34%~66% >66%
Lobular inflammation ( counted under No inflammation <2 foci per field 2~4 foci per field >4 foci per field

20xmagnification field)

Hepatocyte ballooning None

Few balloon

cells(mild)

Many balloon cells -

(prominent)

%2 NAFLD && 53 BBARIGRRIFAE L

Table 2 Comparison of clinical characteristics in patients with NAFLD and control group

Variable NAFLD group(n=67) Control group(n=33) YA P

Sex[n(%) ] x'=4.675 0.031

Male 29(43.3) 7(21.2)

Female 38(56.7) 26(78.8)
Age(years,x +5) 45.36 £ 12.16 49.79 £ 10.39 1=—1.892 0.062
BMI(kg/m*,x + s) 26.03 + 3.69 2221 +2.12 1=6.565 <0.001
ALT[U/L,M(Pss,Pss) ] 67.00(40.50,142.00) 59.00(35.00,96.00) 7Z=-1.928 0.054
AST[U/L,M(Pss,Pss) ] 42.00(27.50,56.00) 45.00(27.00,60.00) 7Z=-0.169 0.866
MRI-PDFF(%,x + s) 15.72 £9.50 224 +0.94 =11.496 <0.001

2.2 Rl JRILAE I A= A BMIK-F NAFLD %% 49
— AL A 5 B F 454  MRI-PDFF 5% 32 4% 4E 69 b 2

ANEHEF R &8 NAFLD B3 (AR (F=4.162,
P=0.020) . BMI (F=4.803, P=0.011) . ALT (Z=8.857,

P=0.012) . AST (F=5.647, P=0.006) - MRI-PDFF (F=
27.083, P < 0.001) NAS ¥4 (F=20.169, P<0.00 DA
GuiteERGR3).

67 5 NAFLD & 3% /1, BMI<23 kg/m’® [f] 13 11
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Table 3 Comparison of clinical data, laborotory index, MRI-PDFF, and pathological features in NAFLD patients with

different pathological fat content

Variable Mild NAFLD(n=18) Moderate AFLD(n=41) Severe NAFLD(n=8) X/F/Z P

Sex[n(%) ] X=2212 0.899

Male 8(44.4) 17(41.5) 4(50.0)

Female 10(55.6) 24(58.2) 4(50.0)
Age(years,x +5) 48.78 £ 11.79 4593 £ 11.95 34.75 + 8.99 F=4.162 0.020
BMI(kg/m?,X % s) 24.01 £3.25 26.52 +3.69 28.08 + 2.86 F=4.803 0.011
ALT[U/L,M(Pss,Pss) ] 44.00(38.00,59.00) 87.00(48.00,175.00)  128.00(102.00,207.00)  Z=8.857 0.012
AST(U/L,x % 5) 33.28 + 10.56 49.83 + 26.07 65.38 +32.22 F=5.647 0.006
GGTLU/L,M(Pss,Pss) | 54.00(37.00,112.00) 62.00(41.00,116.00)  70.00(54.50,80.00) 7=0.979 0.613
ALP(U/L,x +5) 113.56 + 49.68 92.68 + 27.75 91.00 + 14.64 F=2.545 0.086
UA(umol/L,x 5) 357.41 +78.26 357.68 +91.91 440.25 + 102.64 F=2.964 0.059
TC(mmol/L,x £ 5) 4.92 +0.95 5.06 = 1.28 4.86 + 0.65 F=0.158 0.854
TG mmol/L, M(Pss, Pss) ] 1.58(0.94,2.51) 1.70(1.26,2.27) 2.07(1.20,2.69) 7=0.430 0.807
HDL-C(mmol/L,X % s) 1.37 £0.21 1.28 +0.38 1.20 +0.28 F=0.910 0.408
ApoAl(g/L,x £5) 1.37 +0.21 1.31+0.19 1.22+0.21 F=1.473 0.237
ApoB(g/L,x +5) 0.96 + 0.25 0.99 +0.30 1.03 +0.13 F=0.171 0.844
ApoE(mg/dL,x £ 5) 4.84+1.24 5.16£2.52 2.06 + 1.03 F=0.133 0.876
LDL-C(mmol/L,x + 5) 2.79 + 0.65 3.01 £0.83 3.03 £ 0.64 F=0.594 0.555
LP(a)[mg/L, M(Ps, Pss) ] 49.50(21.00,158.00) 52.50(23.00,87.00) 93.50(71.00,143.00)  Z=1.703 0.427
Ferritin[ ng/mL, M(Pas,Pss) ] 200.85(137.90,249.90)  199.90(98.90,367.00)  224.55(153.90,348.40)  Z=0.159 0.923
MRI-PDFF(%,x +5) 7.60 +4.10 16.60 + 7.98 29.47 +7.51 F=27.083 <0.001
NAS(x +5) 3.28 = 0.96 4.54 +0.95 5.63 +0.74 F=20.169 <0.001
Grade[n(%) ] x=3.381 0.496

0 1(5.6) 0(0) 0(0)

1 10(55.6) 26(63.4) 6(75.0)

2 7(38.9) 15(36.6) 2(25.0)
Stage[n(%) | Y'=2.709 0.844

1 11(61.1) 19(46.3) 5(62.5)

2 5(27.8) 17(41.5) 2(25.0)

3 1(5.6) 4(9.8) 1(12.5)

4 1(5.6) 1(2.4) 0(0)

(19.40%) , BMI=23 kg/m*[#) 541511 (80.60%) ; 5 BMI=
23 kg/m® ] NAFLD A #f #H L , BMI<23 kg/m® )
NAFLD A B [ 4E % (1=2.064, P=0.043) ¥ /), NAS
P4 (1=—3.165, P=0.002) ¥ 17y, Z R A Guit %= X
(R4,
2.3 IF NAS 34 NAFLD % &% &9 — A% 74, £ 36
F 4647 .MRI-PDFF #9 b 4

B A 38w, NAS P4 2 73 19 4 41 (5.97%) 3 47
B 1141 (16.42% ) 4 43 11 23 51 (34.33%) < 5 43 1] 20
%1 (29.85% ) 6 43 1 6 15 (8.96% > . 7 73 11 3
(4.48%) . HRHE NAS V¥ 43, # NAFLD & 3% 75 N
NAS <4 70 FINAS>4 43 Wi 41, 4t K 36 $2 7 , NAS i

7% %5 1) NAFLD # % , BMI. MRI-PDFF. ALT. AST.
LDL-C 7K Pl sy, A0 2 A Gt e LGRS,
2.4 NAFLD % 69 5% 2 I I7 &2 \NAS 7 4 . MRI-
PDFF.BMI % ALT.AST #9 48 5% P4 5 47

XF NAFLD H 2 19 B2 S B & & . NAS 349
MRI-PDFF . BMI 2 ALT. AST 2 [8] 1T Pearson fH %
P 3 ¥ & BL, MRI-PDFF 55 i B 5% 22 1% B8 B & &
(r=0.775, P < 0.001) \NAS £ (r=0.478, P < 0.001)
BMIGr=0.402, P=0.00 D 2 IEAHSS, il & = 5 NAS
P 4 (=0.579, P<0.001) . BMI (+=0.408, P=0.001) «
ALT (r=0.343, P=0.004) . AST (r=0.429, P<0.001) &
IEMR (R 6) .
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Table 4 Comparison of clinical data,laborotory index, MRI-PDFF , and pathological fat content NAFLD patients with

different BMI level
Variable BMI<23 kg/m*(n=13) BMI=23 kg/m*(n=54) Yz P

Sex[n(%) ] x=0.153 0.696

Male 5(38.5) 24(44.4)

Female 8(61.5) 30(55.6)
Age(years,x +5) 51.46 + 10.11 43.89 + 12.24 =2.064 0.043
ALT[U/L,M(Pss,Pss) ] 59.00(47.00,86.00) 71.00(40.00,178.00) 7=-0.943 0.345
AST(U/L,x +5) 38.85 + 19.60 49.26 + 26.43 =—1.332 0.188
AKP(U/L,x +5) 91.31 +25.43 99.72 + 36.77 =-0.779 0.439
GGTLU/L,M(Pxs,Pss) ] 37.00(19.00,124.00) 61.50(45.00,110.00) Z=-1.364 0.173
MRI-PDFF[ %, M(Pss, Ps) ] 12.67(8.76,17.66) 14.50(8.43,22.30) Z=-0.904 0.366
NAS(x +s) 3.46 +1.13 4.54 +1.09 1=-3.165 0.002
Histopathologic fat content(%,x + s) 35.77 + 12.72 44.06 + 17.21 1=—1.628 0.108

R5 TEINASIS NAFLD BE K — M1 LI EHEH7 . MRI-PDFF f L5
Table 5 Comparison of clinical data,laborotory index,and MRI-PDFF in NAFLD patients with different NAS scores

Variable NAS<4(n=38) NAS>4(n=29) X7 P

Sex[n(%) ] x'=0.050 0.824

Male 16(42.1) 13(44.8)

Female 22(57.9) 16(55.2)
MRI-PDFF(%,% + 5) 12.85 = 8.23 19.49 + 9.86 1=-3.002 0.004
Age(years,x + ) 46.74 + 11.56 43.55 +12.89 1=1.063 0.292
BMI(kg/m’,x +s) 25.12 +3.51 27.23 +3.63 1=-2.406 0.019
ALT[U/L,M(Pss,Ps) ] 48.50(38.00,171.00) 124.00(86.50,207.50) 7=-3.879 <0.001
AST(U/L,X £5) 36.87 + 16.50 60.83 + 28.82 1=—4.004 <0.001
GGT[U/L,M(Pss,Pss)] 54.00(33.00,110.00) 75.00(50.00,127.00) 7=-1.880 0.060
ALP(U/L,x +5) 99.55 + 31.47 96.17 + 39.34 1=0.391 0.697
TC(mmol/L,x + 5) 4.80 +0.96 527 +1.29 1=-1.683 0.097
TG mmol/L, M(Pss, Pss) ] 1.51(1.23,2.25) 1.82(1.23,2.91) 7=-0.902 0.367
HDL-C(mmol/L,X % s) 1.29 +0.28 1.32 +0.45 1=-0.324 0.747
ApoAl(g/L,x +5) 1.32+0.20 1.32+0.20 1=0.004 0.997
ApoB(g/L,x +s) 0.94 +0.26 1.05+0.27 1=—1.649 0.104
ApoE(mg/dL,% % 5) 475 + 1.60 5.47 +2.59 1=-1.362 0.178
LDL-C(mmol/L,% + s) 277 £0.72 3.19 +0.76 1=-2.305 0.024

%6 NAFLD 2&RIEEN &2 NASTES .MRI-PDFF.BMI % ALT AST B X 15547
Table 6 Correlation analysis among pathological fat content,NAS score, MRI-PDFF,and BMI, as well as ALT,AST in

NAFLD patients €]
Variable MRI-PDFF NAS BMI ALT AST
Pathological fat content 0.775™ 0.579™ 0.408™ 0.343" 0.429™
MRI-PDFF 1.000 0.478"™ 0.402™ 0.250" 0.204
NAS 0.478™ 1.000 0.397" 0.580™ 0.568™

‘P <0.05,"P<0.0l,and P <0.001,

2k B 5 JR, MRI-MDFF 2 NAFLD f£) AUC 24 0.989,
RAE N 0.94, F TN 0.97, S # i E N 4.42%
(E1A) . #F—44F MRI-MDFF %A [B 55 5 Hg 5 4%

2.5 MRI-MDFF 3t NAFLD #4347 {4
DL HEHE & &N 0 I N N IR, 224 ROC
Hh 2k , 32 Ht MRI-MDFF {5 X} NAFLD )12 Wi i 14 .



46 552 1
20262 A

gk WL, BEERLE, S, A5 BFNERG LR M AG 5 T FE AR W 50 B2 W=l PR A g o e 9 F)
WHEIR L) ], B R R R 4k (A AR BFEARD , 2026, 46(2): 262-269, 298

- 267 -

PE IS WM, LA EE NAFLD 3 90t iR, 430 MRI-
MDFF 2 W7 7 B & DL _F NAFLD [ AUC 4 0.880, &
HRE A 0.82, T 4 0.83, e A A W N 10.78%

(B 1B) o LA#REE J b B2 NAFLD B A%t IR, 20 #r
MRI-MDFF {27 # % NAFLD (] AUC 5 0.932, R &%
N 1.00, R BN 0.85, S EENME N 21.20% (K 10,
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E E =
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%) %2} 72}
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A:ROC curves of MRI-MDFF for diagnosis of NAFLD. B: ROC curves of MRI-MDFF for diagnosis of moderate and severe NAFLD. C: ROC curves

of MRI-MDFF for diagnosis of severe NAFLD.
1

MRI-MDFF i2 i 1~ [ #2 £ NAFLD #9 ROC £

Figure 1 ROC curves of MRI-PDFF for diagnosis of different degrees of NAFLD
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TRET 14 52 B 2R A i 2 ™ o IR 7 76 T 248 .
PLH ¥ = 8 10 78 206 47, MRI-PDFF 5 SCRRE IR
NS BN T E A R D7 AR 1 B A v R R
A2 HAMZH 2R B RS PRI BMIT 25 I R S 552
Wi, IR 12 W NAFLD 43 S 34 .

KT8 45 R AR, o5 BERR 7 2 B 4L,
BMI 7K P8 =7, 8 2 [8) S 1R A oG, AH DG R R
0.408; [A]if MRI-PDFF 7K 7~ 5 BMI £ [EAH ¢, #H2¢
RECN0.402. A B F TGO I BERE B 5 A A 5

P27~ NAFLD 5 BMI R =iAHG . B AT Sl /T,
WA 38 A5 N NAFLD 5 IR IR G, B A 4278 BMIL &
M1 keg/m®, NAFLD [ #8534 hn 2.1, BMI>
30 kg/m* ] NBE 1 949% 47 7E NAFLD™ . {H BMI IE %
AT NG 7 7 2 0B, A SCEkdR t, BMIAS 2 —
ANVEU i 107 () PT SE AR, AR 2 AT AT 7L &5
FALEIR, MRI-PDFF 5 BMIAH & PE AR . IR
AR H ATy 5 B G o R R s AR AR T AT 1
NAFLD i # 7, BMI<23 kg/m® /5 19.40% , 5 BMI=
23 kg/m’ ] NAFLD & & AH L, ~F 3 8 5K, 1M
ALT.NAS BEAK . {HASCE Y NAFLD i 1) # s /b
B IC T B U7 0B, SCHRARTE H 9% Y TR D T
H A AR A B ) B SR R T R A AR T SRR R
RS IE R NAFLD BIBE VT 69T . PR, s Jo 6 HL itk
ify 1 S JER U £ g 7 5 R T O R, AHIE Tl R AR
7N MRI-PDFF & 85 47 [k 4% .

AR R 14 g 7 ME T 28 (non-alcoholic steatohepa-
titis, NASH) 4 1iE 4 FHF 4 Mo g 107 25 £ A 49 i AT 45
Y1k, NAS #3536 F T NAFLD J& H NASH 1 7>
VP AL 520, A SCHR#0E NAS =5 5 NASH 2 W
FH B AT 5T 45 AR IR, NAS B =1 (1) NAFLD i
# » MRI-PDFF [ /K-8, H.NAS 5 ALT #1 AST 1)
KB IEAE G, FHC R E 7 718 0.580..0.568, 3 15
T FEIE T & & 5 ALT.AST A 5% R 80, iIX 7R
NAS REE Ayt ff b S WU 14 2 RE RS, HA B TG
PRI BT NAFLD 22 15 3F & 9 NASH. A8 5+ MRI -
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PDFF 5 NAS IEA1 5% (r=0.478) , #£7% MRI-PDFF #£ —
JE M B e S i JH IR ) ROREVE B FE . SCRRHRE
NAS ' Fid 2 53 (1) &35 # MRI-PDFF 2035 2% B &2,
MRI-PDFF T & # ik 309% (1) NASH 503 % 5 =
RSN IR v N (S e MU =R L1 ot 1 )
(A2 T B, AW EE MRI-PDFF /K °F-, Al %44 2
W YR 7 Aok B b UE R A ORE R A BE 4 1 b VA
NASH B [T R,

AW 7R 45 R B 7R, MRI-PDFF # & , 9% # A iy &
A, B A AR TR AE O (r=0.775) , $E R
JC A MRI-PDFF £ 75 68 45 4 1 s i 9 B2 i 7 25
&, HICIS R0 FE B [ NAFLD £ 3 #A 1R 4 (1) — 5
PE o AT LU BN 2 B/, MRI-PDFF 2 W
NAFLD ) R %N 0.94, R 5 BN 0.97, AL H R
UF (S AR, T SCHRIRIE 1 KT o RS AT 7T
g W 02 W NAFLD # £ MRI-PDFF #; W7 {5 4
4.42%, 1X 55 SCHRARIE 1 4.0%~6.4% 1/, MRI-
PDFF % AN [F] F2FE NAFLD F8 3% F2 W AR B H 35 4
(1) R BB SRR S B, $27% MRI-PDEF f8 %6 i ik (1) i

7 BT 4 E VPl JUHAE HE S NAFLD 2
o, %35 kR A R 4 1.00, $275 MRI-PDFF %%
e 7K (0 T I 7 & = A ARG ) S e T .
Ik, MRI-PDFF v F AR A 1) & A 1%, A0 g

AHE A SR PR A - DI R AR AR R BN s QAT
JFF I 2 )3 A 110 A6 2 A 0, i P BB A 4 R B B
I ASTE 9% o B P ) NAFLD 535 5 B A R4/, T
e SRS Ry, J5 St n] LLidk— 25 40 pr A —
VAT T JG MRI-MDFF LA 2 s PR & 99 B8 5040 1)
A

Zi LT , MRI-PDFF 7K~V 55 i HE 97 22 Rg 17 &
BH B8, 5 BMI 2 1EADE, NAS PE/
() NAFLD % , MRI-PDFF 7K i /5 , MRI-PDFF i
T2 Wi AN [F) F2 B NAFLD /) R 8% I R 57 B 35 4%
U o W MRI-PDFF & — M B8 A HEmf B e A A 10
SR JC A B & e Tk, & F T R A
(RN A PEAL T R o

Pz i SRR

A AR 5 P B TE R 26 i
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