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Nonalcoholic steatohepatitis (NASH), a severe type of nonal-

oholic fatty liver disease (NAFLD), progresses toward liver fibro-

is/cirrhosis, liver failure, and furthermore, hepatocellular carci-

oma (HCC) [1] . The pathological manifestations are hepatocyte

teatosis ( > 5%), lobular inflammation, and ballooning degeneration,

ith or without fibrogenesis [2] . NAFLD/NASH results from seden-

ary life style, western diet, and obesity. We have witnessed the

onversion of spectrum of chronic liver diseases from viral hepati-

is as the leading cause to NAFLD/NASH worldwide [3] . Diagnosis

f NASH is therefore of great importance for the clinical manage-

ent, evaluation, and follow-up. 

Currently, it is well recognized that liver biopsy is the “gold”

tandard for NASH diagnosis [4–8] . Its clinical application, how-

ver, remains limited for the sake of cost-effectiveness, sam pling

rror, and procedure-related complications [9] . Therefore, there has

ecently been growing interest in the development of noninva-

ive diagnostic methods to identify NAFLD in patients, especially

hose with NASH. Given the complicated pathophysiological mech-

nisms and dynamic activities underlying NASH, both serologi-

al and physical biomarkers are employed for the assessment of

etabolic abnormality, inflammation, apoptosis, and fibrogenesis. 

Hepatocyte death with significant increase in cytokeratin 18

CK-18) release reflects the critical hallmark of NASH. Thus

erum/plasma CK-18 and its fragments, M30 and M65 associated

ith apoptosis and total cell death respectively, have been exten-

ively investigated for NASH diagnosis. A meta-analysis of 11 rel-

vant studies convinces the value of CK-18 in predicting NASH

nd monitoring post-treatment histological response [10,11] . But

ts moderate accuracy (pooled sensitivity: 66%; specificity: 82%)

nd failure in differentiating NASH from simple steatosis disqual-

fy CK-18 as an independent predictor of NASH. Combinations of

K-18 and apoptosis-mediating surface antigen FAS (sFAS), fibrob-

ast growth factor 21 (FGF21), cathepsin D (CTSD), and controlled

ttenuation parameter (CAP) respectively [12] , is suggested to pro-

ote the diagnostic utility. 
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A number of inflammatory cytokines and mediators, such

s C-reactive protein (CRP), high-sensitivity CRP (hsCRP), CC-

hemokine ligand-2 (CCL2)/monocyte chemoattractant protein-1 

MCP-1), CXC-chemokine 10 (CXCL10), interleukin-1 receptor an-

agonist protein (IL-1RA), soluble IL-1R type 1 (IL-1R1), IL-6, IL-8,

umor necrosis factor- α (TNF- α), plasminogen activator inhibitor

 (PAI1), activated PAI1 (aPAI1), and pentraxin-3, have also been

ested as serum biomarkers of NASH. In spite of their associa-

ion with hepatic inflammation, concomitant systemic inflamma-

ory state in NASH patients downgrades the diagnostic perfor-

ance. In results, stand-alone measurement of these biomarkers

s probably of little value in the clinical practice. 

Study on omics highlights another kind of NASH-related diag-

ostic markers. The abnormal products [e.g., soluble receptor for

dvanced glycation endproducts (sRAGE), fucosylated haptoglobin

Fuc-Hpt)] and index [homeostasis model assessment of insulin

esistance (HOMA-IR)] of glycometabolism demonstrate the risk

f ballooning, fibrosis, and NASH. Moreover, circulating products

f arachidonic acid metabolism [11-hydroxyeicosatetraenoic acid 

11-HETE)] and oxidative stress [9-hydroxyoctadecadienoic acid (9-

ODE), 13-HODE, 9-oxo-octadecadienoic acids (9-oxo-ODE), and 

3-oxo-ODE] are recognized to be biomarkers of NASH. oxNASH

core with the combination of 13-HODE/linoleic acid ratio, age,

ody mass index (BMI), and aspartate aminotransferase (AST) im-

roves the diagnostic accuracy to a reasonable level. Furthermore,

erum prolidase enzyme activity (SPEA) and plasma CTSD level re-

ect the potential predictors of steatohepatitis and/or liver fibrosis.

With the exception of CK-18, measurement of individual

iomarker is hardly able to provide solid and consistent results

n the NASH diagnosis. Biomarker panels are then subjected

o establishment and validation as an alternative. Diagnostic

tility has resultantly been proposed in small groups by panels

omprising clinical features (e.g., age, sex, height, weight, and

MI), serological indexes [e.g., Gamma-glutamyl transferase (GGT),

lanine aminotransferase (ALT), AST, total bilirubin, triglyceride,

holesterol, apolipoprotein AI, CK-18, adiponectin, ferritin, Fuc-Hpt,

acroglobulin-2 binding protein, resistin, soluble Fas, and Fas lig-

nd], and components of metabolic syndrome (e.g., type 2 diabetes

ellitus, hypertension, and insulin resistance), including NASH

est [13] , NASH diagnostics [14] , apoptosis panel [15] , Gholam
a. Published by Elsevier B.V. All rights reserved. 
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model [16] , hypertension, ALT, and insulin resistance (HAIR) [17] ,

Nice model [18] , and Palekar score [19] . In spite of their difference

in panel, NASH test [formula using α2 macroglobulin ( α2-MG),

haptoglobin, apolipoprotein AI, total bilirubin, GGT, ALT, AST,

triglycerides, cholesterol, age, sex, height, and weight), NASH

diagnostics (formula using CK-18 M30, CK-18 M65, adiponectin,

and resistin), and apoptosis panel (formula using CK-18 fragments,

soluble Fas, and Fas ligand) among these ones obtain external

validation. 

Liver fibrosis acts as the key histopathological characteristics of

NASH with an outcome of cirrhosis [1] . In contrast to the undeter-

mined noninvasive methodology of NASH diagnosis, there are rela-

tive substantial proofs for the recognition of NASH-related fibrosis.

Noninvasive scores [NAFLD fibrosis score (NFS), fibrosis-4 (FIB-4),

fatty liver index (FLI), index of NASH (ION), BMI, AST/ALT ratio,

diabetes (BARD), AST/ALT ratio (AAR), AST to platelet ratio index

(APRI), and BMI, age, ALT, and triglyceride (BAAT)] have now been

feasible for fibrosis screening on the basis of clinical data (e.g.,

age, BMI, waist circumference, waist-to-hip ratio, fasting glucose,

AST, ALT, AST/ALT ratio, platelet, albumin, and triglyceride) [20] .

Some other tools [FibroTest, enhanced liver fibrosis (ELF) panel,

Hepascore, Fibrometer, and Hepascore] combining clinical data and

serum biomarkers [e.g., α2-MG, hyaluronic acid (HA), tissue in-

hibitor matrix metalloproteinase 1 (TIMP-1), aminoterminal pep-

tide of pro-collagen 3 (P3NP), and ferritin] bring about better

sensitivity and specificity [20] . Most of these methods show well

performance in the exclusion of advanced liver fibrosis/cirrhosis.

But innovations are still valuable for the better accuracy of fibrosis

diagnosing. 

Apart from the algorithms with indirect correlation to fibrotic

property, liver stiffness measurement (LSM) by imaging tech-

niques offers an opportunity to highlight the fibrosis-related phys-

ical characteristics of liver parenchyma [21] . Transient elastogra-

phy (TE), magnetic resonance elastography (MRE), and shear wave

elastography among these ones represent the major kinds of val-

idated modalities in clinical application [20–23] . They demon-

strate moderate to high accuracy in the detection of liver fibrosis

or cirrhosis [20–24] . Combining LSM and FibroMeter (FibroMeter

vibration-controlled transient elastography algorithm) may facili-

tate the differentiation of F3–F4 fibrosis from F0–F2 fibrosis. Nev-

ertheless, problems of cost and availability still preclude LSM from

widespread application. 

To conclude, liver biopsy is the gold standard in diagnosing

NASH at present. Noninvasive diagnostic approaches relying on

both serum and imaging biomarkers of NASH are now undergo-

ing fruitful development, yet their reliability remains to be vali-

dated by large-group, multi-center studies. In NASH patients with

advanced fibrosis, the American Association for the Study of Liver

Diseases (AASLD) guideline recommends FIB-4, NFS, TE and MRE

as the first-lines of noninvasive diagnosis. Combined use of sero-

logical tests and imaging tools has also been suggested by the Asia

Pacific Association for the Study of the Liver (APASL) guideline for

an aim of gathering comprehensive information of disease progress

without invasive procedure. 

Contributors 

FJG proposed the study. PQ wrote the paper under the supervi-

sion of FJG. Both authors contributed to the design and interpreta-

tion of the study and to further drafts. FJG is the guarantor. 

Funding 

This work was supported by grants from the National

Key Research and Development Plan “Precision Medicine Re-

search” ( 2017YFC0908903 ); National Natural Science Foundation of
hina ( 81070346 , 81270492 , 81470859 , 81270491 , and 81470840 );

tate Key Development Program for Basic Research of China

 2012CB517501 ); and Shanghai Leading Talents ( 019 ). 

thical approval 

Not needed. 

ompeting interest 

No benefits in any form have been received or will be received

rom a commercial party related directly or indirectly to the sub-

ect of this article. 

eferences 

[1] Adams LA , Lymp JF , St Sauver J , Sanderson SO , Lindor KD , Feldstein A , et al. The
natural history of nonalcoholic fatty liver disease: a population-based cohort

study. Gastroenterology 2005;129:113–121 . 
[2] Kleiner DE , Brunt EM . Nonalcoholic fatty liver disease: pathologic patterns and

biopsy evaluation in clinical research. Semin Liver Dis 2012;32:3–13 . 
[3] Younossi ZM , Koenig AB , Abdelatif D , Fazel Y , Henry L , Wymer M . Global

epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of

prevalence, incidence, and outcomes. Hepatology 2016;64:73–84 . 
[4] Chalasani N , Younossi Z , Lavine JE , Charlton M , Cusi K , Rinella M , et al. The

diagnosis and management of nonalcoholic fatty liver disease: practice guid-
ance from the American Association for the Study of Liver Diseases. Hepatol-

ogy 2018;67:328–357 . 
[5] European Association for the Study of the Liver (EASL); European Association

for the Study of Diabetes (EASD); European Association for the Study of Obe-
sity (EASO) EASL-EASD-EASO clinical practice guidelines for the management

of non-alcoholic fatty liver disease. J Hepatol 2016;64:1388–1402 . 

[6] National Institute for Health and Care Excellence (UK). Non-alcoholic fatty liver
disease (NAFLD): assessment and management. Available from: URL: https://

www.nice.org.uk/guidance/ng49/chapter/recommendations . 
[7] Wong VW , Chan WK , Chitturi S , Chawla Y , Dan YY , Duseja A , et al. Asia-Pa-

cific working party on non-alcoholic fatty liver disease guidelines 2017-Part 1:
definition, risk factors and assessment. J Gastroenterol Hepatol 2018;33:70–85 .

[8] Italian Association for the Study of the Liver (AISF) AISF position paper on non-

alcoholic fatty liver disease (NAFLD): updates and future directions. Dig Liver
Dis 2017;4 9:471–4 83 . 

[9] Bedossa P , Patel K . Biopsy and noninvasive methods to assess progression of
nonalcoholic fatty liver disease. Gastroenterology 2016;150:1811–1822 . 

[10] Feldstein AE , Wieckowska A , Lopez AR , Liu YC , Zein NN , McCullough AJ . Cytok-
eratin-18 fragment levels as noninvasive biomarkers for nonalcoholic steato-

hepatitis: a multicenter validation study. Hepatology 2009;50:1072–1078 . 

[11] Kwok R , Tse YK , Wong GL , Ha Y , Lee AU , Ngu MC , et al. Systematic review with
meta-analysis: non-invasive assessment of non-alcoholic fatty liver disease-the

role of transient elastography and plasma cytokeratin-18 fragments. Aliment
Pharmacol Ther 2014;39:254–269 . 

[12] Shen F , Zheng RD , Mi YQ , Shi JP , Wang XY , Hu XQ , et al. Value of a two-step
approach with cytokeratin-18 and controlled attenuation parameter in non-

invasive differential diagnosis of nonalcoholic steatohepatitis. Zhonghua Gan

Zang Bing Za Zhi 2016;24:429–434 . 
[13] Poynard T , Ratziu V , Charlotte F , Messous D , Munteanu M , Imbert-Bismut F ,

et al. Diagnostic value of biochemical markers (NashTest) for the prediction of
non alcoholo steato hepatitis in patients with non-alcoholic fatty liver disease.

BMC Gastroenterol 2006;6:34 . 
[14] Younossi ZM , Jarrar M , Nugent C , Randhawa M , Afendy M , Stepanova M ,

et al. A novel diagnostic biomarker panel for obesity-related nonalcoholic

steatohepatitis (NASH). Obes Surg 2008;18:1430–1437 . 
[15] Tamimi TI , Elgouhari HM , Alkhouri N , Yerian LM , Berk MP , Lopez R ,

et al. An apoptosis panel for nonalcoholic steatohepatitis diagnosis. J Hepatol
2011;54:1224–1229 . 

[16] Gholam PM , Flancbaum L , Machan JT , Charney DA , Kotler DP . Nonalco-
holic fatty liver disease in severely obese subjects. Am J Gastroenterol

2007;102:399–408 . 

[17] Dixon JB , Bhathal PS , O’Brien PE . Nonalcoholic fatty liver disease: predictors of
nonalcoholic steatohepatitis and liver fibrosis in the severely obese. Gastroen-

terology 20 01;121:91–10 0 . 
[18] Anty R , Iannelli A , Patouraux S , Bonnafous S , Lavallard VJ , Senni-Buratti M ,

et al. A new composite model including metabolic syndrome, alanine amino-
transferase and cytokeratin-18 for the diagnosis of non-alcoholic steatohepati-

tis in morbidly obese patients. Aliment Pharmacol Ther 2010;32:1315–1322 . 
[19] Palekar NA , Naus R , Larson SP , Ward J , Harrison SA . Clinical model for dis-

tinguishing nonalcoholic steatohepatitis from simple steatosis in patients with

nonalcoholic fatty liver disease. Liver Int 2006;26:151–156 . 
[20] Boursier J , Vergniol J , Guillet A , Hiriart JB , Lannes A , Le Bail B , et al. Diagnos-

tic accuracy and prognostic significance of blood fibrosis tests and liver stiff-
ness measurement by FibroScan in non-alcoholic fatty liver disease. J Hepatol

2016;65:570–578 . 

http://dx.doi.org/10.13039/100006190
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0001
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0002
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0003
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0004
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0005
https://www.nice.org.uk/guidance/ng49/chapter/recommendations
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0006
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0007
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0008
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0009
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0010
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0011
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0012
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0013
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0014
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0015
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0016
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0017
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0018
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0019


Q. Pan, J.-G. Fan / Hepatobiliary & Pancreatic Diseases International 18 (2019) 1–3 3 

 

 

[  

[  

 

 

[  

 

[21] Singh S , Muir AJ , Dieterich DT , Falck-Ytter YT . American gastroenterological as-
sociation institute technical review on the role of elastography in chronic liver

diseases. Gastroenterology 2017;152:1544–1577 . 
22] Castera L , Forns X , Alberti A . Non-invasive evaluation of liver fibrosis using

transient elastography. J Hepatol 2008;48:835–847 . 
23] Xiao G , Zhu S , Xiao X , Yan L , Yang J , Wu G . Comparison of laboratory

tests, ultrasound, or magnetic resonance elastography to detect fibrosis in
patients with nonalcoholic fatty liver disease: a meta-analysis. Hepatology

2017;66:1486–1501 . 
24] Loomba R , Wolfson T , Ang B , Hooker J , Behling C , Peterson M , et al. Magnetic
resonance elastography predicts advanced fibrosis in patients with nonalco-

holic fatty liver disease: a prospective study. Hepatology 2014;60:1920–1928 . 

Received 14 September 2018 

Accepted 20 December 2018 

Available online 28 December 2018 

http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0020
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0021
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0022
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023
http://refhub.elsevier.com/S1499-3872(18)30276-5/sbref0023

	Noninvasive diagnosis of nonalcoholic steatohepatitis: Emerging approaches
	Contributors
	Funding
	Ethical approval
	Competing interest
	References


