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[Abstract] Objective To assess the grading diagnostic value of controlled attenuation parameter (CAP) on hepatic
steatosis in patients with nonalcoholic fatty liver disease (NAFLD). Methods Patients with biopsy-proven NAFLD, admitted in
the Fifth Medical Center of Chinese PLA General Hospital from January 201S to December 2020, were enrolled in present study.
The CAP value was detected with transient elastography (TE) within 3 days before liver biopsy. The serological noninvasive models
[hepatic steatosis index (HSI) and triglyceride-glucose index (TyG)] were calculated based on their own formula. The relativity
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between these 3 noninvasive approaches and hepatic steatosis grades were analyzed with Spearman method, the independent
influencing factors of CAP value were analyzed using linear multiple regression analysis, the diagnostic efficiency was evaluated
with receiver operating characteristics (ROC). Results A total of 40S patients [258 males (63.7%)] with NAFLD were enrolled,
and divided into four groups according to hepatic steatosis grades: no steatosis (grade S0, n=17), mild steatosis (grade S1, n=75),
moderate steatosis (grade S2, n=163) and severe steatosis (grade S3, n=150). As steatosis grade increasing, CAP value and ALT level
increased correspondingly with statistically significant difference (P<0.0S5). Spearman analysis showed that CAP value, HSI and TyG
index were positively correlated with hepatic steatosis grades with correlation coefficient of 0.713, 0.296 and 0.141, respectively (P<0.05).
Multiple linear regression analysis showed that hepatic steatosis grade was the independent influential factor for CAP. ROC analysis
showed that the diagnostic efficiency of CAP for different hepatic steatosis grades were significantly higher than that of HSI or TyG index,
and the areas under ROC curves for CAP diagnosis of S1-S3 grades were 0.876, 0.878 and 0.885 with the corresponding cut-off values of
286, 303 and 314 dB/m, respectively. Conclusion With CAP value the hepatic steatosis grades could be accurately judged in patients

with NAFLD, which might help to establish or adjust the optimal treatment strategy, thus having a good clinical application value.
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Tab.1 Comparison of the clinical characteristics of NAFLD patients with different hepatic steatosis index

Ei=un S0—S1%%(n=92) S24% (n=163) S3%% (n=150) V/F/Z P

M [61(%)] 52(56.5) 98(60.1)" 108(72.0)" 6.857 0.032
RIS (B, xts) 48.8+12.8 38.5 + 14.4" 323+ 1120 17.322 <0.001
BMI (kg/m?, %+s) 25.48 = 2.83 26.79 = 3.12"" 27.10 + 3.09" 8.232 <0.001
ALT [U/L, M(Q,, Q3)] 50.0(31.3, 82.5) 73.0(45.0, 130.0)" 101.5(64.0, 157.0)V® 52.059 <0.001
AST [U/L, M(Q,, Q,)] 31.50(25.0, 44.0) 45.0(30.0, 64.0)" 49.0(38.8, 74.6)"” 44.916 <0.001
ALP [U/L, M(Q,, Q,)] 91.0(72.3,107.0) 91.0(74.0, 110.0)" 80.0(67.0,97.0)" 9.656 0.008
GGT [U/L, M(Q,, Q)] 55.0(32.3, 156.5) 54.0(39.0, 94.0) 50.5(41.8,93.5) 0.163 0.922
TBIL [pmol/L, M(Q, Q)] 11.5(8.93,15.8) 11.8(9.1, 16.4) 12.6(9.7,17.1) 3.237 0.198
PLTIEH [1(%)] 91(98.9) 161(98.8) 148(98.7) 0.029 0.986
LDL-C[mmol/L, M(Q, Q,)] 3.10(2.67,3.67) 3.21(2.85,3.70) 3.28(2.75,3.69) 1.365 0.505
HDL-C[mmol/L, M(Q,, Q)] 1.11(0.93, 1.25) 1.00(0.89, 1.15) 1.00(0.90, 1.21) 5.938 0.051
GLU[mmol/L, M(Q,, Q,)] 4.8(4.5,5.2) 5.0(4.6,5.6)" 4.9(4.5,5.5)" 9.494 0.009
ALBIEH [191](%)] 89(96.7) 161(98.8) 148(98.7) 1.651 0.438
TC[mmol/L, M(Q,, Q;)] 4.51(3.95,5.31) 4.74(4.16,5.19) 4.62(4.00, 5.30) 1.534 4.464
TG[mmol/L, M(Q,, Q)] 1.65(1.22,2.12) 1.72(1.22, 2.37) 14.70(1.30, 2.27) 0.854 0.652
LSM [kPa, M(Q,, Q;) 5.6(4.6,6.8) 6.7(5.9,8.7)" 7.2(6.1,8.9)" 43.547 <0.001
CAP [dB/m, M(Q,, Q,)] 289.0(240.7, 298.0) 298.0(286.0, 320.0)" 328.0(320.0, 345.0) V@ 127.718  <0.001
HSI [M(Q,, Q,) 39.7(35.4,43.7) 43.4(38.0,48.2)" 45.3(40.6,49.1)" 38.601 <0.001
TyG [M(Q,, Q)] 8.67(8.40, 9.06) 8.84(8.53,9.11)" 8.85(8.56,9.19)" 7.007 0.030

NAFLD. JEE RS TR PTG ; BML R TEE 4L ALT. N5 2R ; AST. A B45 20 ; ALD. BlIEREREE; GGT. v-7 ZBL% Ik ;
TBIL. SHHZLE; LDL-C. R ENE 8 UM BE ; HDL-C. &% FERR 8 FUIH S B ; GLU. k% ; PLT. ifi/IMiit4; ALB. HEEH; TC. =t
HiM; TG BAREEE; LSM. FFIEMEEE(; CAP. 3238 B 8; HSL AFIEIRIE AT 50 TyG. 2518 =B H M i AR ; S5s0—s14¢

A, (1)P<0.05; 5S24¢H#e, (2)P<0.05



IS8 20224E6 128 H 45478 6l

2.2 JFECAPIEH MM Z 4347 Spearmantf ¢
SrMr R, CAPE 55 (r=0.108, P=0.030) .
BMI(r=0.167, P=0.001), ALT(r=0.194, P<0.001).
AST(r=0.170, P=0.001). LSM(r=0.018, P<0.001)
BIEMR, S54ER (r=-0.215, P<0.001) % i tH
¥, 5PLT. GLU, ALP, GGT, ALB. LDL-C,
HDL-C. TG. TCIAHM XM (3P>0.05), HAIENI“&
P43 5 CAPIE (r=0.713, P<0.001). HSI(r=0.296,
P<0.001) . TyG(r=0.141, P=0.004)F1EM. £t
LB IR g R B, IR 22 1 902
JIECAPELIY I ST 5200 [ 2R (P<0.001, #2).,

2 NAFLDR# CAPIH 5l RAFE Y 22 o0k [1V3 704
Tab.2 Multiple linear regression analysis of CAP values and

clinical features

=2

2.3 CAP. HSIN TyGXJ A [A]JHAg D5 A5 P 4 9 i 12
Wi AE DA IS R B SR AR, 223 CAP .,
HSI X TyGiZ Wi g i A8 F2 B fUROC I 2, 4521
WK, CAP. TyGIEWiS14¢ )7 & TAERHE ih £k
N AL (AUC) I FHSI(P<0.05), CAPSTyG W
S1ZAIAUCTE M I 22 5% (P>0.05) . CAPXTS2. S3%¢
FI2 WS RE X THIS . TyG(P<0.05, 1), CAP
WS, S2 M S3G g i A8 Pk Y 5 AR 1B 43 51 R
286, 303, 314dB/m. HALZWiTEFR W3,

3 it it

JF 1t Jo A8 P R & A AR AS ) i e S (i 24 1
FE R KRS P B ) B % Lo B AR, T A ok L
R RGBT BRI R, IR I AR
REE gt R, TR AR AT ik, L SR

T h BARN kR B : P
W 249263  14.345 - 17.377  <0.001 TEAR 20 T ELRG A P RE R R 25 38T IR
FERRWIZEESY 9% 25736 1855 0.599  13.873  <0.001 FARAE A IR SRS B R 22 e, 8
NAFLD. JE A LI Wi P i I 16 I D A8 P A AR T A T
S14¢ S24 S3%
1.0 1.0F 1.0
0.8 0.8 5 0.8
0.6 = 0.6} 0.6
=0} g} #
= = =
2 0.4 & 0.4 —_CAP & 0.4
| — HSI
0.2 0.2} —TyG 0.2
0 1] B S B B 0
02 04 06 08 1.0
1
B JCRIr 2 WiINAFLD AN FAR 22 14 73 2 RO Cth £k
Fig.1 ROC curve of hepatic steatosis grades diagnosed by non-invasive tests in NAFLD
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Tab.3 Efficiency indicators of CAP in diagnosis of different hepatic steatosis grades in NAFLD
LES AUC(95%CI) P T {E (dB/m) TBURRIE (%) HE5EE (%) AR
S1 0.876(0.840~0.906) <0.001 286 92.01 64.71 0.567
s2 0.878(0.842~0.908) <0.001 303 67.09 81.52 0.486
S3 0.885(0.850~0.915) <0.001 314 92.67 76.08 0.688

NAFLD. (RS PERR BT FERT ; CAP. 5245 2El 2L

JHF 135 G 4 DA Ry 2 T I 0 78 1 o 1) &
e, AHHAE S —F I R, A AR I XU 2
IRAE, RO EEEZ, WU E T, eI
P % AL S T LT A AR AR A LR B A
Pk, QUAEHSL, TyGE:, HIRLIF4 SR i
YE RS A5, BXEPEH HAOS Wikt S b
W A TE I A Fp e Ky Y o A T 7 e R
BGEARM T, A58 75 R A R T A 1+,
ARAKF,  HASRERS B M X 43 B8 107 728 v g A g

WL R B AR AR L S22 Wiy S ah b, AR Iy i
VEAS T RN 5 28 PR A R2 5, I Be e i 4 i T I g
i i, (AR R P 2 2, M LUAE IR R 3%
KPS CAP SR M L S F R AR G, 4
YEf bk, feE A i AR PE R, SR T
R R . — I A 19T IR 2526 53
Bram A 127350 & (35 537HINAFLD &), 45
W /RCAPEWIST, 2. S3YHFIRITAS T AUCST
S°50.82. 0.86£0.88, MUK /3 51°00.69. 0.77 )%



0.88, FEFESTHIH0.82, 0.81120.78, HFAEMMIE
Ay k248 . 2685280 dB/m!", — I XS 115418 P
B9 B (HLrp 1849y NAFLD) HE A7 1 BE PEAS f 400
S I, CAPIZWISL, S2. S3ZH AR ASPERY
AUCHH250.91, 0.9550.892  FiRBFFE LS B4R
CAP 5 IFHR Wi A8 M43 90 o 25 A 56, [HCAPIX 730 AN ]
T B JHF R U 72 A2 W 0 {1 B L Bl 28 28 AR i i R 5
SCH RIS . A S [ B A3 8T T 3R BE S AR R 12
405 HINAFLD & W Im IR £ HE . DAk 4
FRUE” PO R W IFRR G & RO, FEAR
WK, HA i AR . S5 R CAP
5 I AG  AE ME A G S IE AR OG , HAR G R B0 =
(r=0.713, P<0.001), ZJti%& AR CAPHREME
B TEAN I 7 7 1 B R

AW R L4 T CAP. HSI. TyGxf
NAFLD IF A8 Wi A8 P R 2 Wi al R o 25 3R o,
TE X 2 ST AR W AE P, CAPSHSI, TyGHH
WE IS WIkBE, CAPKHISIZ IS REE 4, —
HRGAT #2255 TEIX4rS2. SIWMFIRM AL PR,
CAPNI R & 2 Wi sk g, HAUCHE THIS
K TyG, W CAPXS 44 24 1T BG Iy 725 7k 72 1 14
HA SRR MG, 5 Sasso 25 PRy B g8 45 5 —
., AU E T CAPIZWIST. S2. S3FARIZE
PR 1 B AR N FE 73 31) 286 dB/m (BBURE £ 92.01%,
P53 64.71%) . 303 dB/m (& E67.09%, 4
SEE81.52%) . 314 dB/m (/R E92.67%, F55FE
76.08%). KU, CAP{EICAE & A5 g i 28 v
FLA B I R AN . AT A7 A — 2L R B
P, GCAP{E H MBI , 5 RERR 7 7T G X)
HAFAE—E THRIEA, o, ARBFIE RN S5 R T
Z L i PRI IE .

gi BTk, AR AE R KD, CAP{HXINAFLD
FERE W AR PE Ay P BAT BT B2 Waie . kRS stk A
G AR BAERER . Ca T EE RS, A
T PEAT JFT6 G B R 2 v e 0 A A P AR
T 25 WO A B AR PR R AR AR AB B, e RIS FH A
(RN

[ &% |

[1] Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and
management of nonalcoholic fatty liver disease: Practice
guidance from the American Association for the Study of Liver
Diseases[ J]. Hepatology, 2018, 67(1):328-357.

[2] Castera L, Friedrich-Rust M, Loomba R. Noninvasive
assessment of liver disease in patients with nonalcoholic fatty
liver disease[ J]. Gastroenterology, 2019, 156(5): 1264-1281.

[3] McPherson S, Hardy T, Henderson E, et al. Evidence of
NAFLD progression from steatosis to fibrosing-steatohepatitis

using paired biopsies: implications for prognosis and clinical

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

Med ] Chin PLA, Vol. 47, No. 6, June 28, 2022

management[J]. ] Hepatol, 2015, 62(5): 1148-1155.

Fu YM, Ji D, Wang CY, et al. SAT-284-diagnostic performance
of transient elastography on liver fibrosis of patients with non-
alcoholic fat hepatitis [ J]. ] Hepatol, 2019, 70(1): e761.

Fu YM, Ji D, Chen GF, et al. Association of liver stiffness
measurement and serum biochemical parameters with
nonalcoholic steatohepatitis[ J]. J Clin Hepatol, 2020, 36(11):
2473-2477. [fH5k8R, 204, BRIEER, &5 JFPIEREE K i 35 2
ARG RO PENR WA AT 28 A RE DGk 234 [ 7] s PR AR
52k, 2020, 36 (11): 2473-2477.]

Fu YM, Ji D, Xiong YR, et al. Diagnostic performance of
liver stiffness measurement on liver fibrosis of patients with
nonalcoholic steatohepatitis[J]. Med J Chin PLA, 2019, 44 (8):
671-675. [FEEH, L84, A8 20, 45, FTIEHPAS 0 FE A
PERR IR I 9 T 7 44l 23 912 Wi R RE [ 7). ARl 245 1 2 2%
%, 2019, 44 (8): 671-675.]

Hudacko R, Theise N. Liver biopsies in chronic viral hepatitis:
beyond grading and staging[J]. Arch Pathol Lab Med, 2011,
135(10): 1320-1328.

Brown GT, Kleiner DE. Histopathology of nonalcoholic fatty
liver disease and nonalcoholic steatohepatitis[J]. Metabolism,
2016, 65(8): 1080-1086.

Bedossa P, Carrat F. Liver biopsy: the best, not the gold
standard[J]. ] Hepatol, 2009, S0(1): 1-3.

Aldoheyan T, Hassanain M, Al-Mulhim A, et al. The effects of
bariatric surgeries on nonalcoholic fatty liver disease[]]. Surg
Endosc, 2017, 31(3): 1142-1147.

Xu L, Lu W, Li P, et al. A comparison of hepatic steatosis index,
controlled attenuation parameter and ultrasound as noninvasive
diagnostic tools for steatosis in chronic hepatitis B[ J]. Dig Liver
Dis, 2017, 49(8): 910-917.

Karlas T, Petroff D, Sasso M, et al. Individual patient data meta-
analysis of controlled attenuation parameter (CAP) technology
for assessing steatosis[ J]. ] Hepatol, 2017, 66(5): 1022-1030.
National Workshop on Fatty Liver and Alcoholic Liver Disease.
Guidelines of prevention and treatment for nonalcoholic fatty
liver disease: A 2010 update[J]. Chin J Hepatol, 2010, 18(3):
163-166. [ 1142 =~ 23 JTF 27 2323 i J0 T AR A 0 10 =
A ARV N TV G 1277 45 j (20 104E- 2T ) [7]. e
JFE 245, 2010, 18(3): 163-166.]

National Workshop on Fatty Liver and Alcoholic Liver
Disease, Chinese Society of Hepatology, Chinese Medical
Association, Fatty Liver Expert Committee, Chinese Medical
Doctor Association. Guidelines of prevention and treatment
for nonalcoholic fatty liver disease: A 2018 update[]]. J Clin
Hepatol, 2018, 34(3): 947-957. [ BE 2 S5 I 24 4 2 IR I
JEF RIS A P JF 9 2 2, el U W 2 i I A T 2 5 2% B4
2 AR PR D7 VT B 646 FE (20 184ETLHTAR) [T]. I IR
PR A4 RS, 2018, 34(5): 947-957.]

Lee JH, Kim D, Kim HJ, et al. Hepatic steatosis index: a simple
screening tool reflecting nonalcoholic fatty liver disease[]J]. Dig
Liver Dis, 2010, 42(7): 503-508.

Guerrero-Romero F, Simental-Mendia LE, Gonzédlez-Ortiz
M, et al. The product of triglycerides and glucose, a simple
measure of insulin sensitivity. Comparison with the euglycemic-
hyperinsulinemic clamp[J]. J Clin Endocrinol Metab, 2010,
95(7): 3347-3351.

Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and



20224FE6 28 H 474 el

(18]

[19]

[20]

[21]

management of non-alcoholic fatty liver disease: practice
guideline by the American Gastroenterological Association,
American Association for the Study of Liver Diseases, and
American College of Gastroenterology[J]. Gastroenterology,
2012, 142(7): 1592-1609.

AASLD-IDSA HCV Guidance Panel. Hepatitis C guidance 2018
update: AASLD-IDSA recommendations for testing, managing,
and treating hepatitis C virus infection[J]. Clin Infect Dis, 2018,
67(10): 1477-1492.

Singh S, Allen AM, Wang Z, et al. Fibrosis progression in
nonalcoholic fatty liver vs nonalcoholic steatohepatitis: a
systematic review and meta-analysis of paired-biopsy studies[J].
Clin Gastroenterol Hepatol, 2015, 13(4): 643-654.

Lok AS, Everhart JE, Chung RT, et al. Hepatic steatosis in
hepatitis C: comparison of diabetic and nondiabetic patients in
the hepatitis C antiviral long-term treatment against cirrhosis
trial[ J]. Clin Gastroenterol Hepatol, 2007, 5(2): 245-254.
Liang CC, Liu CH, Chung CS, et al. Advanced hepatic
fibrosis and steatosis are associated with persistent alanine
aminotransferase elevation in chronic hepatitis C patients

negative for hepatitis C virus RNA during pegylated interferon

(22]

(23]

(24]

plus ribavirin therapy[J].J Infect Dis, 2015, 211(9): 1429-1436.
Dyal HK, Aguilar M, Bhuket T, et al. Concurrent obesity,
diabetes, and steatosis increase risk of advanced fibrosis among
HCV patients: A systematic review[ J]. Dig Dis Sci, 2015, 60(9):
2813-2824.

Huang X, Xu M, Chen Y, et al. Validation of the fatty liver index
for nonalcoholic fatty liver disease in middle-aged and elderly
Chinese[J]. Medicine (Baltimore), 2015, 94(40): e1682.
Berzigotti A. Getting closer to a point-of-care diagnostic
assessment in patients with chronic liver disease: controlled
attenuation parameter for steatosis[ J]. ] Hepatol, 2014, 60(5):
910-912.

Koplay M, Sivri M, Erdogan H, et al. Importance of imaging
and recent developments in diagnosis of nonalcoholic fatty liver
disease[J]. World ] Hepatol, 2015, 7(5): 769-776.

Sasso M, Beaugrand M, de Ledinghen V, et al. Controlled
attenuation parameter (CAP): a novel VCTE™ guided ultrasonic
attenuation measurement for the evaluation of hepatic steatosis:
preliminary study and validation in a cohort of patients with
chronic liver disease from various causes[]J]. Ultrasound Med
Biol, 2010, 36(11): 1825-1835.

(GUESidH: ARIEAR)





