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Abstract: Objective To investigate the diagnostic accuracy and grading capability of ultrasound-derived fat fraction (UDFF),
controlled attenuation parameter (CAP), and hepatic/renal ratio (HRR) in assessing hepatic steatosis in metabolic associated
fatty liver disease (MAFLD) with magnetic resonance imaging-proton density fat fraction (MRI-PDFF) as the gold standard.
Methods A total of 150 patients with MAFLD who attended The First Hospital of Hebei Medical University from January 2023
to December 2024 were enrolled, and 148 healthy volunteers were recruited. All subjects underwent MRI-PDFF, UDFF,
CAP, and HRR examinations. Hepatic steatosis was graded based on MRI-PDFF (SO: 148 cases; S1:92 cases; S2:21 cases;
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S3:37 cases) , and the MAFLD patients with different grades of hepatic steatosis were compared in terms of UDFF, CAP, HRR, and
clinical features. A one-way analysis of variance was used for comparison of normally distributed continuous data between multiple groups
and the Tukey HSD test was used for further comparision between two groups ; the Kruskal-Wallis H test was used for comparison of non-
normally distributed continuous data between multiple groups, and the Mann-Whitney U test was used for further comparison between two
groups; the chi-square test was used for comparison of categorical data between groups. The Spearman correlation analysis was used to
investigate the correlation between UDFF, CAP, HRR, and MRI-PDFF in different grades of MAFLD ; the receiver operating characteristic
(ROC) curve was used to investigate the efficacy of UDFF, CAP, and HRR in the diagnosis of different degrees of hepatic steatosis in
MAFLD; the Bland-Altman difference plot was used to analyze the consistency between UDFF and MRI-PDFF in different degrees of
hepatic steatosis in MAFLD. Results UDFF measurement gradually increased with the increase in the grade of fatty liver (H=201.52, P<
0.001). The Spearman correlation analysis showed that there was a strong correlation between any two indicators of UDFF, CAP, HRR,
and MRI-PDFF in S1, S2, and S3 MAFLD (all P<0.001) , with the strongest correlation between UDFF and MRI-PDFF (r,=0.884,r,=
0.962,7,=0.929, all P<0.001). The ROC curve analysis showed that UDFF had a larger area under the ROC curve (AUC) than CAP and
HRR in the graded diagnosis of S1 and S3 (all P<0.05) , while in the diagnosis of S2 MAFLD, UDFF had a significantly larger AUC than
HRR (P<0.05) and a similar AUC to CAP (P>0.05). The Bland-Altman difference plot showed good consistency between UDFF and MRI-
PDFF in different degrees of hepatic steatosis in MAFLD. Conclusion Compared with CAP and HRR, UDFF can accurately measure

liver fat content and has good efficacy in identifying varying degrees of hepatic steatosis in MAFLD.
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Table 1 Clinical data characteristics of MAFLD patients with different grades

EiE7D S0Z(n=148) S1 % (n=92) S24¢(n=21) S34(n=37) ZiiHE  PMH

B (i) 89/59 45/47 6/15" 13/24" Y=13.05 0.005
i (%) 36.28+11.47 49.46+14.71" 46.71+10.61" 40.84+9.44" F=31.11 <0.001
BMI(kg/m*) 21.22+1.21 26.38+2.89" 28.74+2.91" 30.28+3.99" F=129.93 <0.001
JEFl (em) 88.74+8.45 93.87+9.11" 97.22+15.37" 95.74+9.89" F=10.74 <0.001
&l (em) 98.79+5.66 101.29+6.79" 102.51+6.95" 102.14+5.89" F=6.13  <0.001
b s (4] (%) | 32(21.62) 71(77.17)" 16(76.19)" 28(75.68)" X’=90.33 <0.001
ALT(U/L) 32.00(26.08 ~ 35.23) 41.60(30.80 ~ 48.20)" 54.75(39.80 ~ 74.55)" 108.90(71.90 ~ 124.60)" H=129.17 <0.001
AST(U/L) 32.90(30.17 ~ 36.85) 38.60(27.37 ~ 52.62)" 42.00(33.60 ~ 54.50)" 55.20(41.60 ~79.30)"  H=34.41 <0.001
ALP(U/L) 80.12+18.26 76.33+20.09 76.89+21.21 74.59+19.07 F=354 0316
GGT(U/L) 29.10(24.17 ~ 34.85) 57.25(33.70 ~ 82.38)" 54.40(31.86 ~ 61.50)" 59.80(45.69 ~ 80.27)" H=94.78 <0.001
TG (mmol/L) 1.28+0.32 2.47+1.36" 2.90+1.41" 2.93+1.31" F=4456 <0.001
TC(mmol/L) 4.75+0.85 4.59+0.89 4.66:0.91 4.67+1.08 F=071 0.548
HDL-C(mmol/L) 1.28+0.17 1.09+0.29" 1.21+0.47 0.99+0.26" F=13.05 <0.001
25 I8 1L HE (mmol/L) 5.3440.95 7.92+2.53" 7.65+1.90" 8.12+2.89" F=4475 <0.001
PDFF(%) 320(242~4.06) 9.44(7.57~12.12)" 18.14(17.66 ~ 18.69)" 28.69(21.47 ~3521)" H=197.13 <0.001
UDFF(%) 450(3.90 ~520) 14.11(10.29 ~ 16.80)" 17.29(14.39 ~ 23.70)" 30.25(15.00 ~ 36.80)" H=201.52 <0.001
CAP(dB/m) 207.00 271.75 303.00 307.00 H=127.28 <0.001

(186.97 ~230.60)  (246.02 ~ 302.50)"  (269.00 ~ 317.00)”  (291.90 ~ 323.60)"
HRR 1.27(1.06 ~1.50)  2.00(1.35~246)"  277(234~3.17)" 2.98(2.12~3.66)"  H=102.58 <0.001
5S04 4, 1)P<0.05,
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Figure 1 Scatter plots of the distribution of UDFF, CAP, and HRR measurements
PDFF  UDFF CAP HRR 1.0 PDFF  UDFF CAP HRR 1.0 PDFF  UDFF CAP HRR 1.0
PDFF| 1.000 | 0.884* | 0.879* | 0.786* PDFF| 1.000 | 0.962* | 0.794* | 0.785* PDFF| 1.000 | 0.929* | 0.915*| 0.914*
0.5 0.5 0.5
UDFF| 0.884* | 1.000 | 0.759* [ 0.667* UDFF | 0.962* | 1.000 | 0.803* [ 0.810* UDFF | 0.929* | 1.000 | 0.968*| 0.921*
0 0 0
CAP| 0.879* | 0.759* | 1.000 | 0.691* CAP | 0.794* | 0.803*| 1.000 | 0.769* CAP | 0.915* | 0.968* | 1.000 | 0.916*
-0.5 0.5 -0.5
HRR| 0.786* | 0.667* | 0.691* [ 1.000 HRR | 0.785* | 0.810* | 0.769* | 1.000 HRR | 0.914* | 0.921* | 0.916*| 1.000
-1.0® -1‘0® -l~0©

Hia,S145h,S295¢,8345*P<0.05.
&2 MAFLD # UDFF.CAP.HRR 5 PDFF B94H < 43 &
Figure 2 Correlation between UDFF, CAP, HRR and PDFF in MAFLD
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Table 2 The value of UDFF, CAP, and HRR in diagnosing
different grades of MAFLD liver steatosis

N SR HEE (%) FEYE%)  AUC(95%CI)

cut-off {EL

SI  UDFF 9629 90.08 0.92(0.89~0.96) 6.02
0.05) (F 3e). CAP  85.89 85.15  0.90(0.85~0.96) 246.00
= ol 22 o5 Ay ho_ , D
24 UDFF 5 PDFF M ¥ 1 F) 5 2L MAFLD 69 — #4% - K HRR 7621  88.14 0.80(0.74~084) 1.78
JH Bland-Altman 22 {5 143 8T UDFF 5 PDFF 72 B R 3 uprr 99,86 8121  0.98(0.96~0.99) 15.12
S5 9 MAFLD iy —Z (B 4) o 85 R B, 76 S1 4% CAP  96.44 78.54  0.97(0.94 ~0.98) 277.00
MAFLD ", #1%: T PDFF 1fij 75 , UDFF U] & {8 19 - 34 i 22 HRR 9251 7451  0.94(0.85~0.96) 2.03
N —435% , PR I 5 {5 1) 95%CT H-9.77% ~ 1.07%, H  S3  UDFF  86.20 93.81  0.99(0.98~0.99) 22.98
95.6% (88/92 ) B I v T B AZ X ] ; £F S2 4% MAFLD H, CAP 86.77 8521 0.96(0.91~0.97) 288.00
UDFF 5 PDFF W & I & {5 1% 5 3 I 2% - 1.19%, H HRR 90.86 79.57 0.93(0.87~0.95) 2.41
100 100 7 I 100 .l" T T
- | r———J
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o 0 0
% # =
& 40 # 40 | & 40
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Figure 3 The diagnostic efficacy of UDFF, CAP, and HRR in different grades of MAFLD was compared
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Figure 4 Bland-Altman plots of UDFF and PDFF measurements of different grades of MAFLD
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