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[HE] BH: HHEEACHELEIEERE IR (non-alcoholic fatty liver disease, NAFLD ) [F#ZFLAR 1% 5+
ZEENG 774X ( magnetic resonance imaging-proton density fat fraction, MRI-PDFF ) 43/ii%5 s, HAKRNAFLD £ JLIFIEAG
RIS RIORITIR S B . 773k AZ120224F8 H—20234F3 A 75 A8 K B 2 e il s B A BE e A T
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(Grade 14 ) . EENRIINT ( Grade 24 ) K EEEARIINT ( Grade 3% ) o JpHT/IFEEHIMRI-PDFF Y28 5 55 K FL S IR P43 9%
HIEZR . RITHFIEAS BEMRI-PDFF ( MRI-PDFF | y ) M H 5MRI-PDFF,, TEAS I AF2 B K 320 P B9 —3ebk s FLAEPDFF | o5
PR 2 . RA R RIS 2 Soy- 5 A R B G . S8R 69U A 320 T fIZNAFLD #5841 (84.06% )
NAFLD A MRI-PDFF,,, h (20.23+10.16) %, AHEFHAAFE, MRI-PDFFV ig& (22.23+9.85) %, MRI-PDFF,4
MRI-PDFF . 2 NAH 2 280 (intra-class correlation coefficient, ICC ) fx (1CC=0.988, P<<0.001) . 1EFHFAE (2.59% )
KFERRNIF (7.15% ) JFBMMRI-PDFF{EEL T, SERRNIFEE (9.71%~11.14% ) , AFZRAFITFE XL

(P<<0.001) . fEiZWirA THENIF (Kappaflihl, P<<0.001) KASIIIF4r4% ( Kappaffi}y0.880, P<<0.001) J5ii,
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Magnetic resonance imaging-proton density fat fraction distribution characteristics of non-alcoholic fatty liver
disease in overweight/obese children SONG Huadan', LIU Ming', LIU Huanhuan', YIN Qiufeng', YAN Yongqing',
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[ Abstract | Objective: To investigate magnetic resonance imaging-proton density fat fraction (MRI-PDFF) distribution
characteristics of non-alcoholic fatty liver disease (NAFLD) in overweight/obese children and to provide a reference for the
development of the evaluation standard of liver fat quantification in children with NAFLD in the future. Methods: Enrolled 69
overweight/obese children who underwent 3.0 T magnetic resonance m-Dixon-quant sequence scanning of upper abdomen in
Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine from August 2022 to March 2023. The MRI-PDFF,
laboratory biochemical index, and measurement data of human body index in all patients were recorded. Patients were divided into
four groups (Grade 0, Grade 1. Grade 2. Grade 3) according to the weighted mean of MRI-PDFF (MRI-PDFF,,,). Analyzed
the variability of PDFF values between hepatic segments and their relationship with fatty liver grading. Explored the consistency
between MRI-PDFF, y; and MRI-PDFF,, in the diagnosis and grading of fatty liver. Compared the correlation between MRI-PDFF |y
with alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl transferas (GGT). Results: Among the
69 participants, 58 patients (84.06%) were diagnosed with NAFLD. The MRI-PDFF of the NAFLD patients was (20.23 = 10.16)%.
Hepatic segment VIl had the highest MRI-PDFF (22.23 + 9.85)%. Hepatic segment V had the highest intraclass correlation coefficient
(ICC=0.988, P<<0.001). The range of MRI-PDFF in normal liver (2.59%) and mild fatty liver (7.15%) was lower than that in patients
with moderate to severe fatty liver (9.71%-11.14%), with statistically significant differences (£<<0.001). In the diagnosis of the
normal liver and fatty liver (Kappa value was 1, P<<0.001) and fatty liver grading (Kappa value was 0.880, P<<0.001), MRI-PDFF,
showed the best consistency with MRI-PDFF,,,. Liver MRI-PDFF, y; had moderate and positive correlation with ALT (7=0.415-0.470,
P<0.001), and hepatic segment IVb showed the highest correlation (+=0.470, P<<0.001). Liver MRI-PDFF,; had slight and positive
correlation with AST (7=0.252-0.337, P<<0.005) and GGT (r=232-0.333, P<<0.005). Conclusion: NAFLD has a high incidence
in overweight/obese children, and the distribution of fat is usually uneven in the liver. The variability of hepatic fat distribution is
increased with the degree of hepatic steatosis. Compared to other hepatic segments, MRI-PDFF, is more representative for the overall
degree of liver steatosis and can be used as the preferred location for liver biopsy or other non-invasive quantitative evaluation. The
liver fat content can reflect the damage degree of liver function to some extent.

[ Key words ] Magnetic resonance imaging; Proton density fat fraction; Fat distribution; Non-alcoholic fatty liver disease;

Overweight/obese; Children
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ACREE I E AP N B2 10 A N R 2 8 A TR
B @ FFE 2 L3 K DA E A
LR @ BTG s S A
PE<30 g/d, ZotE<<20 g/d; @ IRRGERISER, H
B MRk A o HEBRARE: A IEME .
FHBERE SHAMS PRI S (A R . IR
PRI B S e IS ) o 6oz ik A ah
ARG o IESEAASZIREAES . Mo, 8. 1k
& OEit . AERAZIR (EREY6E. EIhE.

Mg ZSIEMEE, SRS RWRESE) |, I tEH
IREFEEL (body massindex, BMI)

1.2 MRI-PDFFiRERNE T &

i %1k & MRI-PDFF A5 28 ) 78 fif % Philips
/AT Ingenia CX 3.0 T MRIFIHIL 52,
32 AR R4E . RHm-Dixon-
quantfif JJj & 5P A RS, BARSAL
EF 440 cm x 25 cm x 24 cm, £Z2.00 mm x
1.99 mm x 6.00 mm, Z[EE3 mm, FE R E
KN6.6 ms, [RIEECE A6, TR A 5kl
1.18 ms, [IJEMEIFR0.9 ms, PES ARG, H
1444 1S4 I IEMR U2 W 48 56 R 524G BB D AE
AR IR T 43 B 1 #E4TMRI-PDFF i, 40

EIw, a5E B (1T T, M, Va,
Vb, V. VI, VI, VB ) b0 i 1B X
(7l KA . IR RN ) |, BSERIX R
/NF100 mm? (T Bt) 55400 mm® ( T~VITE:)
BUBSSER XN B~ BEAE A Z I BEBFIMRI-PDFF
( MRI-PDFF | ) o HIEMise%s ' Y HF5E 45
R, AN BRI, R FmECE
MRI-PDFF ( weighted mean of MRI-PDFF, MRI-
PDFF,, ) ., IREFERRIAIRN ARE, Hit
#/NA: MRI-PDFF,,=MRI-PDFF | x 4%+MRI-
PDFF; x 7.9%+MRI-PDFF; x 9.5%+MRI-
PDFFy, x 6.8%+MRI-PDFF, x 6.8%+MRI-
PDFFy x 12.6%+MRI-PDFF x 7.9%+MRI-
PDFFy; x 16.8%+MRI-PDFFy; x 21.6% ) .
AWFFE R FHCaussy% 4 JzMiddleton
z L) 348 iy MR 1-P D F F 49 2% 19 {8 3 47 15 1
9% . TTWHRE I ( Grade 044 : MRI-
PDFF<<5%) . #EEENI ( Grade 14¢: MRI-
PDFF=5%~17.5%) . T ( Grade 2
2% . MRI-PDFF=17.5%~23.3% ) Jx ¥ & g5 fiT
( Grade 3%%: MRI-PDFF=23.3% ) ., NAFLDi2
Wibrifies % [ Pr e ZIERAR]

E1 BFEEMRI-PDFFEREE

1.3 SitFaE

KHISPSS 27.048 4% B dla A7 70 M o 4520
TR OR DXt 3RoR,, AR LN (%) 3R
N o LHIRIREAS HUE {7 22 70 MK ruskal-Wallis
BRARG G, ZH[E) P YLLKk i Mann-Whitney U
K:56:, FFiEfTBonferroni® 1E . i FH AL AR G &
0 (intra-class correlation coefficient, ICC) .

Kappa—EPER 0 47— 800, A AICC/

Kappa<<0.404E/~ —EMEE 2%, 0.40<ICC/Kappa
<0.754 R —F %, 1CC/Kappa=0.758E R —
HoPEsE . AHCPER B R H Spearman i S 73T
Phr<0.2FIRIRARAH G, 0.2<r<0.4FK/RMIK
JERSEME, 0.4<r<0.7E/RTEMEM, 0.7<r
<0.9F /R EEHETE, 0.9<r<1.0FxRMHEH
Ketk. P<0.05hZESAG2HE L. TR
A3 AT AS S5 4% B [B) MRI-PDFF A4 A 7 22 |
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A 5 Z B (coefficient of variation, CV ) FI3E [
FRe CV=p/ux100% (7. p WEEARPRUESE;
WHREARYES ) . MRI-PDFF{ B 4 34 4 AT
Bt [A]MRI-PDFF e KAH -5 e/ MELA] Y 25 {8

2 4 R

21 ZRE—MEESHAEREFHETHEEENHE
KD

A ZiH 6o ; BHS1H, Ltk
1855 AFW7~17%, HAFER11%5 5 Hrhifiz
ANAFLD# 581 (84.06% ) . Hi#t8~15%,
D124 SEEBMI (27.00 =3.51) kg/m®,
Fr A 28 MRI-PDFF,,, (17.50 £ 11.25) %,
NAFLD*Zi{# MRI-PDFE,,, (20.23 +10.16) %,

59.68% ) H /AL L LEE N & IR 5% & i (alanine
aminotransferase, ALT ) /KFFF@E . MRI-PDFF,,,
5& W H WA &3, MRI-PDFF,, 5
ALT (r=0.553, P<<0.001) . K& % % i
(‘aspartate aminotransferase, AST) (7=0.369,
P=0.003) . y-HFEABEHE R ( gamma-glutamyl
transferas, GGT ) (r=0.455, P<0.001) %
W T RedE bR B2 AL - IE MG, 5
# (r=0.014, P=0.0933) . &5 (r=0.184,
P=0.131) . BMI (r=0.031, P=0.803) .
BRCE R B (#=0.145, P=0.269) . MJHZL
£ (r=0.133, P=0.311) | ZSEBEHEURE
(r=0.310, P=0.096) ., Hih =M (r=0.036,
P=0.807) . k% B NEE A EREEE (r=0.006,
P=0.966 ) “EFEFRTCIARAHCE (F£1) .

®1 FikE—MIE 5 5MRI-PDFF,, 85145347

Fts
TiH MRt S rfH (95% CI) Pf
Bitn (%) 51 (73.91) -0.021 (-0.260~0.189 ) 0.861
AR % 11.45+2.43 -0.093 (-0.320~0.135) 0.446
gk 11.86 = 1.85 0.014 (-0.331~0.331) 0.933
i SR 2 2 1.22+1.68 -0.87 (-0.362~0.182) 0.600
By ii/m 1.56 +0.14 0.184 (-0.421~0.045) 0.131
I /kg 66.77 + 16.84 -0.092 (-0.327~0.125) 0.451
BMI/ (kg'm?) 27.00 £3.51 0.031 (-0.164~0.226 ) 0.803
ALT/ (U-L") 52.50 +41.89 0.553 (0.365~0.711) 0.000
AST/ (U-L™) 35.13 +19.98 0.369 (0.174~0.527 ) 0.003"
B VERERRRGE (UL 251.95 + 107.65 0.145 (-0.087~0.358 ) 0.269
GGT/ (U-L") 33.22 +25.55 0.455 (0.182~0.656 ) 0.000"
JARLIZE/ (pmol-LH) 9.60 + 5.38 0.133 (0.005~0.119) 0.311
BT/ (pmol- L) 241+1.59 0.109 (-0.219~0.361) 0.406
(a3 HL1 %/ (pmol- L) 7.19 +4.80 0.113 (-0.059~0.376) 0.390
P8/ (pmol-L) 46.49 +2.88 0.098 (—0.208~0.366 ) 0.500
AR/ (mmol- L) 5.19£0.78 -0.035 (-0.281~0.294 ) 0.808
2SI B/ (pmol-L ) 126.29 + 80.58 0.310 (-0.129~0.616 ) 0.096
HM =M/ (mmol-L™") 1.23+0.76 0.036 (-0.157~0.358 ) 0.807
SUEERE (mmol-L) 429+0.73 -0.048 (-0.254~0.176 ) 0.745
NS A IR A/ (mmol- L) 1.24+0.21 -0.130 (-0.401~0.150 ) 0.379
R NS AR IR EE/ (mmol- L) 2.65 £ 0.65 0.006 (-0.204~0.228 ) 0.966
JRER/ (mmol- L") 4.45+0.98 -0.132 (-0.356~0.137 ) 0.376
JUUEF/ (pmol-L™") 45.49 + 11.93 -0.234 (-0.468~0.051 ) 0.114
JR#%/ (pmol-L™") 41553 £97.17 -0.141 (-0.362~0.099 ) 0.345
MRI-PDFF, ,, 17.50 11.25 — —
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2.2 BFEEMRI-PDFF & RIS

PDFF,,,—E 445

2.2.1 A8 s I AT B MRI-PDFF % % &
W2/, Grade 041K IF PIMRI-PDFF

WH (2.59%) FitrifE2 (0.93% ) HWKT

Grade 1~3%%¢2H (P<0.001) . Grade 0~2%%4H

E X 5MRI-

Wb, B E RS D AR R R B, B A MRI-
PDFF U [l FlAR 22 2 4 i, {HGrade 2440
MRI-PDFF i Fil Fl g o 22 Y1 = T Grade 3%
. Sk, BEE FIG AR PR 3,
FFRCVZEEW /AN, A EZRA 51228 X
(P<0.001) .

®2 BRI RENENREMRI-PDFFES ELER

) Grade 0221 Grade 19441 Grade 294421 Grade 39441
AH (n=11) (n=24) (n=15 ) (n=19) it
I/ % 2.59 7.15 11.14 9.71 <0.001
FrifEZE/% 0.93 2.53 4.03 3.36 <0.001
CV/% 0.36 0.28 0.22 0.12 <0.001
222 JFhEABEMRI-PDFF{4 % £ 5MRI-PDFF,,, MRI-PDFF, ( P=0.021) . MRI-PDFFy,

— ST

FENAFLD & 4 Bh, MRI-PDFF | fiz/)h
(16.28% ) , MRI-PDFFy % Kk (22.23% ) H#n
HEZE Ak (9.85% ) , HERUWFK3. XN HFE
MRI-PDFFilll & 17 Kruskal-Wallis#: 56, & 3H
JF Bt [AIMRI-PDFFA7AE i # 22 5% (P=0.021) .
X AN I Be ] #E 4 7Mann-Whitney UKG %, A& B
MRI-PDFF, 5MRI-PDFF, ( P=0.011) . MRI-
PDFF; (P=0.031) . MRI-PDFFy ( P=0.038) .
MRI-PDFFy, ( P=0.033 ) , MRI-PDFF;5MRI-
PDFF; (P=0.005) . MRI-PDFF; (P=0.017) .

(P=0.018) . MRI-PDFFy, ( P=0.031) , MRI-
PDFF,; 5MRI-PDFF, ( P=0.037 ) 2= ¥4 511
=X [HRHIBonferroniyE A2 1E 5, M AT BL (8]
FIMRI-PDFF 2 55 4t 2478 L (P>0.05) .

715 MRI-PDFF | _5MRI-PDFF,,, f1CC,

HEATIFN — Sk e, 45 R W43, MRI-PDFF,
¥J5MRI-PDFF,,, 5 —2% (1CC>0.750) . #£
fi A I Beh, MRI-PDFF 5MRI-PDFF,, [ —
HMEf e (1CC=0.988) , HIK NMRI-PDFFy
Bt (1CC=0.985) , MRI-PDFF it} — Pk f Ak
(ICC=0.918) .

%3 MRI-PDFF,_, SMRI-PDFF,,,— &% b %

MRI-PDFF | ; 55MRI-PDFF,,,—5

JHB A% T/ ME/% I RAEY% SFHALE/ % BRiE2E/%
ICC PlH

I 13.28 1.70 4738 16.28 10.05 0.857 <0.001

14.54 0.80 46.97 17.09 10.33 0.914 <0.001
m 15.70 2.38 40.94 17.28 10.55 0.915 <0.001
Va 15.50 2.76 48.05 17.30 10.23 0.931 <0.001
Vb 15.90 3.24 4431 17.66 10.11 0.944 <0.001
\ 19.37 5.30 45.00 20.36 10.33 0.988 <0.001
VI 22.32 5.70 45.62 21.80 10.02 0.963 <0.001
VI 22.42 6.40 46.16 2223 9.85 0.946 <0.001
I 20.91 4.50 45.77 20.94 10.35 0.985 <0.001
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2.2.3  AFBE & BEMRI-PDFF 5 MRI-PDFF,, 72 B§ B
JF 528 P 0 — SR AT

fifi K appa— MK 50 LA MRI-PDFF | _y
5 MRI-PDFF,, % A 5 28 7 53 9% i — Bk
ZE R4, X5rGrade 09 flGrade 1~34¢H},
MRI-PDFF | . MRI-PDFF, . MRI-PDFF; . MRI-
PDFFy,. MRI-PDFF, 5MRI-PDFF,,,—&( 14—
% ( Kappafti0.400~0.750 ) , MRI-PDFFy_y
5MRI-PDFF, 5 [ —2 ( Kappaft=0.750) ,
HHMRI-PDFFy 5MRI-PDFF, [ — 3Pk & 5
( Kappaft=1) . TEF NN ZEPE 539 M Grade
0. 1. 2. 3%H}, MRI-PDFF,. MRI-PDFF 5
MRI-PDFF,, i % —% ( Kappafti=0.750) ,

H A MRI-PDFFy 5MRI-PDFF, 1) — 3V i i
( Kappaffi=0.880) , Hx5MRI-PDFF,, i —%
PE— ( Kappafti #10.400~0.750 ) .
2.3 FFRE&EMRI-PDFFS 4L igtrtBE ST
MRI-PDFF | ' S5ALT. ASTXGGTAH X1
I3HT R, MRI-PDFF | 5 ALTH) 5 B A
(7=0.415~0.470, P<<0.001) , HPALTE5MRI-
PDFF 406 EHR K (7=0.470, P<<0.001) ;
MRI-PDFF, y5AST (r=0.252~0.337,
P<0.005) MGGT (r=232~0.333, P<0.005)
2R EEAH ¢, MRI-PDFF, 5 ASTAH G £ K
(r=0.337, P<<0.001) , PDFFy,5GGTHIXME:
K (r=0333, P<0.001, #5) .

%4 MRI-PDFF,_5MRI-PDFF,, 7EBF RS RF 35 43 % Fh 0 — 14 bL 3

X43Grade 0., 1. 2. 3%

[X43Grade 04% 5 Grade 1~34%

HFBE
Kappafii Pl Kappaft PlH
1 0.444 <<0.001 0.464 <<0.001
0.605 <<0.001 0.772 <<0.001
m 0.565 <<0.001 0.646 <<0.001
Va 0.624 <<0.001 0.717 <<0.001
Vb 0.626 <<0.001 0.734 <<0.001
\Y 0.880 <<0.001 1.000 <<0.001
0.741 <<0.001 0.883 <<0.001
VI 0.641 <<0.001 0.883 <<0.001
Vil 0.821 <<0.001 0.948 <0.001
%5 MRI-PDFF_,5ALT. ASTEGGTHEXM4ES T
ALT AST GGT
AFBE
AAXRZREL (r) PfH AAXFREL (r) PlH AAXEZREL (r) PlH
1 0.430 <<0.001 0.337 <<0.001 0.303 0.001
I 0.465 <<0.001 0.306 0.001 0.297 0.001
I} 0.461 <<0.001 0.336 <<0.001 0.287 0.001
Va 0.434 <<0.001 0.321 <<0.001 0.317 <<0.001
Vb 0.470 <<0.001 0.333 <<0.001 0.333 <<0.001
0.418 <0.001 0.254 0.004 0.269 0.003
Vi 0.415 <<0.001 0.265 0.003 0.268 0.003
VI 0.425 <0.001 0.280 0.001 0.232 0.010
Vil 0.424 <<0.001 0.252 0.004 0.268 0.003
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LA, Bl TP A 1 KO A 4R i IR
SERIAYELAY , NAFLD R FRZAE LT, Bl
LR R £ B L LinZs BTy
o in, L& T NAFLD R 50
33.78%. MMiZhao® ') ABIFSE o, B AL
JLEE P NAFLD SR Kik61.5%. A58 S,
/AR JLENAFLD U R 514 84.06% ., BAK
AR BEA T 78, [HRMmE WA, Fl
/AL P NAFLD R E AT, 20
i B E A

AT 5% XF 69151 76 F /R P L EE I 4% BE MR T-
PDFFHEATIN &L, & BTG 70 1 e B A A 3
AR M, X AT e PR [ 7 Ao 446 1fi e V5
e R L BT HFIERS I 20 A 25 5
AL G AN B, AT RS R 5 2 e
PR RE : O 3Eadb ZRBE LEkE R 2=
ok A R A T R A (ELAERR DT ) i B
FIBKE R ATE], 1] B S BUFE IR B A2 T Y
AN @ o NI IEAT 7 1 Sk B 4251
T, B ERIKON R R S AL, TR R TR R
EIEREAL AR, PTRE S 20 E fbks B (£
B T BV E: ) IR AR, ok, PR
12 By Koot WEA B3 G 100 1) JFE RS 2 % sl ]
RETE— TR LR IR ) AR ST R
B, BEE IR & =5, BRI MRI-
PDFFIHE B 5 ik, miCVE FER G & &
P B S R s R R Ik, X
HEEERR B, SR BRI AR P A I
AT 2 X B MRI-PDFFIU &, D 574 [ i
HER A IR I AR R RS

HHETEIXINAFLD&JL, AR 5 — M
JEMRI-PDFFill /7% . Campos 7 4R T gk
LRI N | B A I 5 R 1)
SO0, R WAE 4D Couinaud BE TP L E 1 K11
JES R DX e AT A M e . AFRCORH T
TE B Couinaud Bt I & 148 KB D4ER X A H6:
W5k, RIAEIN I BEAS (I MRI-PDFF A7 7¢

B35, HWMRI-PDFF | f/)\, MRI-PDFFy
K. TENFBEIMRI-PDFF ) 9 LA, SR
Bonferroniy: M 1E i E K5, AT EBIMRI-
PDFF¥ LM 257, XA RES 2R LK &
Bonferronif 1E 5 B 56 K AR . 4518 T 1%
S

JHF 25 31 3 G 0% 5 T BB s o7 35 486 o B AR e 4
JEF G I 7 1 R 8 R A o A — T AT AR I s
EABERWFSE S R, HFIE I A8 1k 1 SE R 2R
FHEATM, D A S R Al 5 1 A A
g ANWFFE 4 B A 45 BE Y MRI-PDFF 5
MRI-PDFF,,, [ AH S22 5 T A2, A MRI-
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