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Abstract

Objective: The definition of obesity is a body mass index (BMI) exceeding 28 kg/mz. In recent years,
the number of obese people has been increasing, and obesity has become a serious health problem. The
purpose of this study is to quantitatively analyze the differences and sensitive areas of ectopic fat accu-
mulation in abdominal organs and muscles among obese, overweight, and normal BMI patients. Mate-
rials and Methods: 226 consecutive patients who underwent abdominal MRI examination at the Affil-
iated Hospital of North China University of Science and Technology underwent standard clinical evalu-
ation based on BMI calculation. There were 92 cases of BMI obesity, 62 cases of BMI overweight, and
72 cases of BMI normal. All subjects underwent a 3.0T MRI mDixon sequence scan of the upper abdo-
men, measuring the fat content of the liver, pancreas, spleen, kidneys, and third lumbar vertebrae at the
level of the lumbar muscle, erector spinae muscle, and multifidus muscle, as well as measuring visceral
fatarea (VFA) and subcutaneous fat area (SFA). Results: The liver FF value, pancreas FF value, kidney
FF value, abdominal muscle FF value, VFA, and SFA all showed statistical significance (P < 0.05) among
the obese group, overweight group, and BMI normal group. There was no statistically significant differ-
ence in spleen FF values between the obese group, the overweight group, and the BMI normal group
(P > 0.05). Correlation analysis shows that age and gender have a certain correlation with ectopic fat
accumulation in abdominal organs and muscles. After adjusting for age and gender, multivariate anal-
ysis showed that in the obese, overweight, and BMI normal groups, pancreatic FF value (OR =1.32,P <
0.05), lumbar muscle FF value (OR = 1.66, P < 0.05), multifidus FF value (OR = 1.88, P < 0.05), VFA
(OR =1.04, P < 0.05), and SFA (OR = 1.02, P < 0.05) all had statistical significance, indicating a certain
correlation between these indicators and the BMI-defined obese, overweight, and normal groups, which
has a certain suggestive effect on obesity. Conclusion: Obese patients are prone to fat deposition in ab-
dominal organs, abdominal muscles, and subcutaneous tissue; the ectopic deposition of fatin the pan-
creas and abdominal muscles is more sensitive to the occurrence and development of obesity.
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KT IR 23 AT 2023 4F 10 A 3 2024 4 3 A iti2 THEACEE TR 5 I s Be Be EA T % R L R il i 28
#0226 . HRAE 2021 FERRIIIEPRALIEE 2 2280297 H1[7]: B BMI < 18.5 kg/m? NIR{AE; 18.5 kg/m? <
BMI < 24.0 kg/m* NIE# A ; 24 kg/m? < BMI < 28 kg/m* N ; BMI > 28 kg/m* ML . i%H BMI
IR ERAE R 0 R AR R TR B AN AU S B TR B IR s B AR B 23 A i

IEFH: INbRHE: 18.5kg/m?><BMI<24.0 kg/m?. HEBRARiE: BEMEA 4IRS BE RN
B WEUR. WAL, KEIKERESE(CERARESE >40 gd. otk >20 g/d, %L S FLLE);
RN G E R TSR . R RIBITIERE, BRI ER .

AR IAARME: 24 kg/m? < BMI < 28 kg/m?. HEBRbrdE: A L.

NERELL: g AArvE: BMI> 28 kg/m?. HEsbriE: A L.
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KH C R Ingenia 3.0T MAILIRG R G0, NG 2 i AR PR Bl o K A AR A UM EMSL, el 67 T IF
XIEH . AR T2WI, R TIWI. T2WI_SPIR. mDIXON-Quant. DWI. mDIXON-Quant /541 % :
TR=5.7ms, TE=1.02ms, [EIHEEERG 1.3 ms, JZE 6 mm, FOV =400 mm x 350 mm x 231 mm, Voxel =
2.5mm x 2,5 mm x 6 mm, Matrix =364 x 209 x 77, NSA =1, UEMHMIL(SENSE) =2, KM =3° (D
T1 fhf), 4 6 R T2 < FRFATIRIE, B, iR E 16 s.
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Figure 1. Schematic diagram of ROI for various organs, muscles, VFA, and SFA
B 1. &Bisg. ALA. VFA. SFA HJ ROI REE
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PDFF fH 45 R EIUE . FERFGHRIER FF B AT BOGERIX ) 2) i

it EWS TAEN %+ mDixon-Quant /74T 730 BUFF) &, X RE44 32408 ARG BRR . DR |
W B R UL 43 ) 32 U R X 3RO o FEARAE [F]— 2 T A L A3 2B SRk HL 3 4> ROILL Y5 FEl A 200~300
mm?; JRAR BB S . Bk, RS IEEL 3 A~ ROL, ROI YR 50~100 mm?; R i B[R] AT AT )2
[, JBCEMA ROL, ROI Gy 200~300 mm?; ‘B HEEEL Efl. F&E8. ™ 3 N2, # ROI A EER
AN EMME SR s BEEUPEEUEE = REHEKF 52 MRI EEAE S #EULSM). PIIERE T A (VFA) &
B2 R W AR (SFA) I & )2 T, ROI Ju N 50~100 mm?. V£ ILE 1.
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PP LA F R Y Bonferroni fr4:, #7722 A 57 MR A Tamhane 558, 2 2H 1A LLH K H Kruskal-Wallis H
K56, ZH NS LE R ] Mann-Whitney U #5456, F£3E47 Bonferroni % 1E .

@ HE1T Spearman AT, MR AR 0 <rs < 0.4 NEEIKL, 04 <rs<0.7 AFEMI, 0.7<
s < 1 Ay EEAH K

® R Z 06T Logistic [B A 53 47 521 AE ik 1) B BBUBR R R

3. 58
3.1. — &R

AWFFRILNA 226 %520 FE, AEREAL 92 (L 37 1, 55 55 f3), #BE 62 (L 30 1, 5 32 7)),
BMI IE# 40 72 #il(Z 41 61, 5 31 f9), =dHESERBFMERN TG FRE . ZilkE — R ILE 1.

Table 1. General clinical data of subjects

1. FHE—MRIER TR

2H 51 IR (E) P (1) BMI (kg/m?)
5 %
B 60.00 (50.25, 71.00) 31 41 21.80 (20.55, 22.94)
EHEA 57.90 + 1.85 32 30 26.60 (25.25,27.37)&
AEHEH 58 (48.25, 67.75) 55 37 29.45 (28.70, 31.14)&#
H 1.397 4.542% 195.867
P 0.497 0.103 <0.001

E: 1) &FREEFAHLE, P<0.05. 2)#RRSHEHLLE, P<0.05. 3)*: »1{H.

3.2. ZRZ BRI REERAE RS AANEY FF {EELE:
RERE. AR BMI IE 5P 2 A FFIE FF 6. iR FF{E. P95 PDFF {H. ERHLFF EH. BH
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Table 2. Comparison of FF values of abdominal organs and muscles among normal BMI group, overweight group, and obese

%OEPBMIE Hil . BEEMACKARE IS RALE FF BRI
25 FFIE FF (%) JHRAR FF (%) JEHE FF (%) #'% FF (%) 5 FF (%) W'5 FF (%)
IEH4l 3.27(238522)  2.04(1.41,2.95)  0.62 (0.42,0.94) 1.13 (0.54, 1.80) (0.3‘;',7?29) (0-5'3"?19‘53)
HEA 432 (3.12,7.90)*  3.15(213,3.94)*  0.76 (0.38, 1.20) 1.39 (1.00, 2.04) 1.19 138
(0.79,181)*  (0.97, 1.92)*
REREE 6.35 (4.22,13.47)*# 5.14 (3.57.8.02)*#  0.86 (0.48, 1.29) 1.76 (1.28, 2.87)*# 1.68 1.79
(0.74, 2.45)* (1.16, 2.50)*#
H 40.614 83.953 4.716 26.350 27.863 33.441
P <0.001 <0.001 0.095 <0.001 <0.001 <0.001
4 JEERNLFF (%) BHNLFF (%)  ZZWLFF (%) VFA (cm?) SFA (cm?)
IE¥4 3.90(3.66,3.79) 413 (3.71,5.19) 4.08 (3.79,5.08)  52.15 (30.86, 73.15) 82.29 (60.16, 106.87)

HEHEA  6.11(5.31,7.17)*  6.88 (5.74,7.81)* 6.17 (5.68,7.12)*  87.78 (71.10, 111.57)* 103.40 (79.51, 141.95)*
NEREA 7.57 (6.19,9.33)*# 7.77 (6.50, 9.66)*# 7.43 (6.11,9.22)*# 144.85 (121.42,179.82*# 140.25 (107.90, 175.07)*#

H 126.243 108.784 114.016 137.061 59.295
P <0.001 <0.001 <0.001 <0.001 <0.001
E: D3RRGS ERHLE, P<0.05. 2)#En5BEMHLLE, P<0.05,
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Figure 2. Comparison heatmap of the correlation between obesity, overweight,
and normal BMI groups
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Fim. BUEEIRERE, MHERHEMEE=—0215KE)F|Er=1; 4£1); *P<0.05; **P<0.01,

3.4. ZERSWERE. BEF BMI [EEEKRAEER S BURISHR

ZRESHTEROLZ 3), £ BMIIEW4. HEH. B4+, IR FF {H(OR = 1.32, P <0.05). &
KN FF {H(OR = 1.66, P <0.05). %Il FF {i(OR = 1.88, P <0.05). VFA (OR =1.04, P <0.05)F1 SFA (OR =
1.02, P < 0.05)f1 BMI B —E FIAH< M, HFIE FF A, R FF{E. "B FF 5. &N FF (HE— e R
FANRE R BLBE A BMI K 1 g W TR AR AL

Table 3. Analysis of the most sensitive indicators reflecting fat accumulation in the obese, overweight, and BMI normal groups

7z 3. BEBE. HBEF1 BMI IE 4 &k RS B R & BURSE AR 247

A HE b1 b fE AR R Wald £ /518 P 1A OR & OR fE [ 95% CI
5 -1.262 0.523 5.821 0.016 0.280 0.100~0.790
aa -0.061 0.016 14.609 <0.001 0.94 0.910~0.970
[ R FF 0.281 0.088 10.073 0.002 1.320 1.110~1.570
HER N FF 0.508 0.187 7.414 0.006 1.660 1.150~2.400
Z 2L FF 0.629 0.199 9.951 0.002 1.880 1.270~2.770
VFA 0.037 0.007 29.290 <0.001 1.040 1.020~1.050
SFA 0.015 0.005 7.969 0.005 1.020 1.010~1.030
4. Wig

AW, PP T 226 GIIERE. EBEAMIER BMI RES: S FFFIE. B, BRIE. B, I3l
P, IR NSRRI RR 2R, BATRIL, fE—E R b, B BMI BIGK, AR, R, Bk, JE
EULA . AT R B R A AR B HEAR 23k s, BEE BMI P3G, 2% 5 0540 e 7 R 2R 3 el —
NG TR, AT RBIRE 7RISR 8] (9] E A58 SCHRiE S PP FE . IR B B L
NEWT 73 %, 1330 7 HAUMEEIR[10].

T AR 5 70 BOSA AN B B, W] RES R R 25 A8 D REAG 0%, AR 1A If 48 465 4 ) T I PR s 3
MR TR 2 [ 1], AF T FAL IR T TR

MM Bor: BMI 5 HFIF FF E(r = 0.464, P <0.05). B FF {8 (r=0.576, P <0.05). £ ' FF {H
(r=0.307, P <0.05). A" FF {f(r=0.336, P <0.05). 4'% PDFF {f(r = 0.354, P <0.05). K} FF {H( =
0.726, P < 0.05). =&l FF {H(r = 0.656, P < 0.05). £ %Il FF {H(r = 657, P < 0.05)« VFA (r=10.792, P <
0.05)~ SFA (r=0.580, P <0.05)HA KM, AT, BMI S5MUEAEN 8O0 G A —RETH
SE NI RE WG 20 A S A R R 5 s SRR (1212 B, BMI S5 ATHE. BRARA FE EATELEFCME, SAMR
M MEZELS VFA 1275 E MMM 8 S AW — 8. HARYE BMI H15E IO ACFEAS i v i o ot i
Wi EAT 2 B VP, R AT PURBOPN IR R Aol . FE . MR RISEMIRA R ER, A aea X gl
ST B — 5 2, AW FEURSE 71X — ri[13], FINEARB AT AL RIEFRAE, £
BT as RS n: SR, EHAEL, RO IR DA B Uk, MG R, A AR T %
BERVIRRNSMNEL, FHEDENA SRR R &k, HIGEREIR, &R, Aif
RISt A SR, SHESAAEL, BMI S ULAIAESSHE R 50 . $2- BEH0 LI B RE R N RUR
Hh s AR PR SE I, SRR AT REDN . L B TR AR U B AR ER, R 5 R B RS B, AR
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4 B PR RS 0 B0 9 ARG, 5 BMIL VFA ELAT i EEAHOGME, 3 ] BE A0 1% N TE A 22 57 S M [X 2
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