


Conclusions

Our data demonstrated that VFA and TG is significantly related to hepatic steatosis

assessed by CAP not BMI. This finding suggests that surveillance for subjects with NAFLD

should incorporate an indicator of visceral obesity, and not simply rely on BMI.

Introduction

Nonalcoholicfatty liver disease(NAFLD) isoneof themostcommoncausesof chronicliver
diseaseworldwide.Severeformsof NAFLD suchasnonalcoholicsteatohepatitiscanprogress
to end-stageliver diseasesuchascirrhosisor hepatocellularcarcinoma[1±3].Therefore,inves-
tigatingrisk factorsassociatedwith hepaticsteatosisis requiredto performeffectivescreening.
Hepaticsteatosisdevelopsfor avarietyreasons,but obesityis themostcommonassociated
condition [4] andviceversa.Cuf-off of bodymassindex(BMI) definingobesitydiffersaccord-
ing to race.TherecommendedBMI cut-off valuefor obesityis> 25kg/m2 for Asians,in con-
trastto> 30kg/m2 for Westernindividuals[5]. However,NAFLD canoccurin non-obese
subjectsandNAFLD in non-obesepatientisespeciallyfrequentin Asia[6].

Liverbiopsyis thegoldstandardfor diagnosingfatty liver disease,but it is invasiveanddif-
ficult to performin aclinicalsetting.Asanon-invasivemethod,transientelastography(TE)
hasbeenvalidatedfor assessinghepaticsteatosisusingacontrolledattenuationparameter
(CAP)[7]. In arecentstudy,theCAPscoreandliver stiffnessvaluesassessedbyTEshowed
significantcorrelationwith thedegreesof steatosis(r = 0.656,P<0.001)andfibrosis(r = 0.714,
P<0.001)[8]. A meta-analysisalsoshowedthatCAPprovidesastandardizednon-invasive
measurementof hepaticsteatosis[9].

Severalstudiessuggestedvisceraladiposityto beaclinicalpredictorof hepaticsteatosis
[10±12].Visceralfat area(VFA) measuredbycomputedtomography(CT) isaquantitative
andaccuratemeasureof visceralfat,whichismorepredictiveof hepaticsteatosisthanBMI or
subcutaneousfataccumulation[13,14].Althoughpreviousstudieshaveidentifiedarelation-
shipbetweenVFA andhistologicalhepaticsteatosis,therelationshipbetweenVFA andsteato-
sisisnot widelyusedin clinicalpracticedueto theinvasivenessof liver biopsy[15]. To
facilitateclinicalapplication,therelationshipbetweenVFA andnon-invasivemethodsof
assessinghepaticsteatosisshouldbeevaluated.

Asanon-invasiveandrelativelyaccuratemethodof quantifyinghepaticsteatosis,CAPhas
otheradvantages,suchasoperatorindependency,andlowercosts,whencomparedto other
non-invasivemethodssuchasultrasonography,CT,andmagneticresonanceimaging(MRI)
[16±20].However,therelationshipbetweenCAPandclinical factors,suchasindicatorsof vis-
ceraladiposity,isstill unclear.Theaimof thisstudywasto evaluatetherelationshipbetween
CAPandVFA (quantitativeindicatorsof hepaticsteatosisandcentralobesity,respectively),
togetherwith otherclinical factors.

Materials

Patients

BetweenNovember2011andJuly2012,316patientswhounderwentageneralhealthexami-
nation that includedabdominalultrasonography,TE,andabdominalfatCT scanatSeverance
Hospital,YonseiUniversityCollegeof Medicine,Seoul,Korea,wereenrolled.Patientswere
excludedif theychronicallyconsumedexcessivealcohol(>30g/dayfor men,>20g/dayfor
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women)or werepositivefor serumhepatitisBsurfaceantigen,or serumhepatitisC virusanti-
body.Wealsoexcludedpatientsin whomCAPmeasurementswereunsuccessful.Finally,304
patientswereincludedin thestatisticalanalysis.Written informedconsentwasobtainedfrom
all patientsbeforeenrollment.Thestudyprotocolconformedto theethicalguidelinesof the
1975HelsinkiDeclarationandwasapprovedby theInstitutional ReviewBoardof Severance
Hospital.

Anthropometric data and laboratory tests

Clinicaldataandpreviousmedicalhistorywereobtainedbyself-reportquestionnairesandan
electronicchartreview.Anthropometricmeasurements,includingBMI, andwaist-hipratio
(WHR), wereperformedon thesamedayasthelaboratoryandradiologicaltests.Bodyweight
andheightweremeasuredusingadigital scale,andBMI wascalculatedbydividing weight
(kg) by thesquareof height(m2). Usingatapemeasure,awell-trainedindividual measured
thewaistcircumferenceat themidpoint betweenthelowercostalmarginandanteriorsuperior
iliac crest,andthehip circumferenceat thewidestpoint overthebuttocks.WHR wasobtained
bydividing themeanwaistcircumferenceby themeanhip-circumference.

Laboratoryparametersincludingserumfastingglucose,total cholesterol,triglycerides,
aspartateaminotransferase(AST),alanineaminotransferase(ALT), γ-glutamyltranspeptidase
(γ-GTP)anderythrocytesedimentationrate(ESR)weremeasuredon thesamedayasthe
radiologicaltests.

Ultrasonographic assessments and measurement of controlled

attenuation parameter

After fastingfor at least8hours,all patientsunderwentabdominalultrasonographyandTE
usingtheliver FibroScan1 (Echosens,Paris,France)M probe.Ultrasonographicexaminations
of theliver wereperformedbyexperiencedradiologistswhowereblindedto theclinical infor-
mation.Diagnosisof afatty liver wasperformedbyultrasonographyusingpreviously
describedstandardizedcriteria [21].

OneexperiencedtechnicianperformedTEblindedto theclinicaldataof thepatients'.The
principlesof CAPmeasurementhavebeendescribedpreviously[16]. CAPmeasuresultrasonic
attenuationat3.5MHz usingsignalsacquiredbyTE.Theinterquartilerange(IQR) was
definedasanindexof theintrinsic variabilityof CAPvaluescorrespondingto theintervalof
CAPresultscontaining50%of thevalidmeasurementsbetweenthe25thand75thpercentiles.
Themedianof successfulmeasurementswasselectedasrepresentativeof theCAPvaluesof a
givenpatient.Asanindicatorof variability,theratio of theIQR of CAPvaluesto themedian
(IQR/MCAP) wascalculated.In thisstudy,only TEmeasurementswith � 10validshots,anda
successrateof � 60%wereconsideredreliableandusedfor statisticalanalysis.

Steatosis(� TEbasedsteatosisgrade1),wasdefinedasthepresenceof fatty liver diseaseby
abdominalultrasonographyfindingsandaCAPvalue� 248dB/m.Significantsteatosis(� TE
basedsteatosisgrade2) wasdefinedasthepresenceof fatty liver diseaseon theimagesanda
CAPvalue� 268dB/m [9].

Assessment of abdominal visceral fat area and subcutaneous fat area

Subcutaneousandvisceralfat areaswerecalculatedbyCT (SomatomPlus,Siemens,Ger-
many).A leadprotectiondevicewasusedto minimizeexposureto X-raysduring CT scans.
Subjectswereexaminedin asupineposition.Thevisceralandsubcutaneousadiposeregions
werecalculatedaccordingto theintervertebralpositionof L2±3.VFA wasdefinedasintra-
abdominalfat boundby theparietalperitoneumor transversalsfascia,excludingthevertebral
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columnandtheparaspinalmuscles.Subcutaneousfatarea(SFA)wasdefinedasfat superficial
to theabdominalandbackmuscles.VAT wasthenmeasuredaroundtheinner boundaryof
theabdominalwallmuscles.A regionof interestdrawnaroundtheexternalmarginof theder-
miswasusedto calculatethetotaladiposetissue(TAT) area.TheSFAwasobtainedbysub-
tractingtheVAT from theTAT.

Statistical analysis

Dataareexpressedasmean± standarddeviation,median(range),or number(%),asappropri-
ate.CorrelationsbetweenCAPandothervariablesweredescribedusingSpearman'scorrela-
tion coefficients.Comparisonsbetweenpatientswith andwithout hepaticsteatosiswere
performedusingtheStudent'st-testor theMann-Whitneytestfor continuousvariables,and
thechi-squaredor Fisher'sexacttestwasusedfor categoricalvariables.Univariateandsubse-
quentmultivariatebinarylogisticregressionanalyseswereperformedto identify independent
factorsrelatedto significanthepaticsteatosis.Oddsratio (OR)andcorresponding95%confi-
denceinterval(CI) werealsoevaluated.Optimalcut-off VFA valuesto predictsignificant
hepaticsteatosiswerecalculatedasthemaximizedsumof thesensitivityandspecificity(You-
denindex)from theareasunderthereceiveroperatingcharacteristiccurves(AUROC).Posi-
tivepredictivevalueandnegativepredictivevalue(PPVandNPV) werealsocomputed.A P
value<0.05by two-tailedtestwasconsideredindicativeof statisticalsignificance.Dataanaly-
seswereperformedusingtheSASsoftware(ver.9.1;SASInc.,Cary,NC,USA).

Results

Baseline characteristics

Baselinecharacteristicsof thestudypopulationaresummarizedin Table1.Thetotalnumber
of subjectswas304(165menand139females)andtheir meanagewas56.5± 10.7years.The
meanBMI was24.1± 3.1kg/m2, andtheWHR was0.89± 0.04.Eighty(26.3%)patientswere
overweight(BMI, 23±25kg/m2) and114(37.5%)wereobese(BMI >25kg/m2) accordingto
thenewWorld HealthOrganizationBMI criteria for Asians.[22]ThemeanVFA andSFA
were111.4± 50.6cm2 and175.3± 60.0cm2, respectively.ThemedianCAPvaluewas244dB/
m (range,100±382).

BMI, WHR, VFA,CAPvalue,andtheserumlevelsof fastingglucose,triglycerides,AST,
ALT, γ-GTP,andESRwerehigherin males,whereasSFAandtheserumcholesterollevelwere
higherin females(Table1).

Correlations between controlled attenuation parameter and clinical

variables

In univariateanalyses,CAPvalueswerecorrelatedwith themalegender(ρ = 0.173,P = 0.002),
BMI (ρ = 0.491,P<0.001),VFA (ρ = 0.497,P<0.001),SFA(ρ = 0.234,P<0.001),fastingglu-
cose(ρ = 0.406,P<0.001),triglycerides(ρ = 0.352,P<0.001),ALT (ρ = 0.285,P<0.001),andγ
-GTP(ρ = 0.374,P<0.001).In asubsequentmultivariateregressionanalysis,CAP(P = 0.001)
wasindependentlyassociatedwith VFA, triglycerides(P<0.001)andALT (P = 0.017)
(Table2).ThecorrelationbetweenCAPandVFA isshownin S1Fig.

Comparison of the hepatic steatosis and non-hepatic steatosis groups

Significanthepaticsteatosiswasobservedin 134(44.1%)patients.Significantsteatosiswas
presentin 93(69.4%)patients(68in maleand25in female)in theobesegroupand41(30.6%)
patients(21in maleand20in female)in thenon-obesegroup.
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In univariateanalysis,malegender(90of 134patients[67.2%]vs.49of 170patients
[28.8%],P = 0.005),BMI (25.5± 3.1kg/m2 vs.23.0± 2.6kg/m2,P<0.001),WHR (0.90± 0.04
vs.0.86± 0.04,P = 0.001),VFA (131.5± 53.7cm2 vs.95.6± 41.9cm2, P<0.001),SFA
(191.3± 60.8vs.162.7± 56.5,P<0.001),fastingglucose(104.8± 23.8mg/mL vs.95.7± 23.7
mg/mL,P = 0.001),triglycerides(133.8± 71.4mg/mL vs.100.1± 52.6mg/mL,P<0.001),ALT
(26.5± 16.1IU/L vs.20.5± 10.4IU/L, P<0.001),andγ-GTP(37.5± 32.3IU/L vs.29.8± 29.5
IU/L, P = 0.031)werehigherin patientswith significanthepaticsteatosisthanin thosewithout
(Table3).Whenthepatientswith andwithout significanthepaticsteatosiswerecompared

Table 1. Baseline characteristics (n = 304).

Variables Total (n = 304) Male group (n = 165, 54.3%) Female group (n = 139, 45.7%) P-value

Age, years 56.5 �“ 10.7 56.6 �“ 10.9 56.3 �“ 10.6 NS

Medical history

Diabetes mellitus 22 (7.2) 16 (9.7) 6 (4.3) NS

Hypertension 44 (14.5) 29 (17.6) 15 (10.8) NS

Body mass index, kg/m2 24.1�“ 3.1 25.1 �“ 3.0 22.9 �“ 2.7 ��0.001

Waist/Hip ratio 0.89 �“ 0.04 0.89 �“ 0.04 0.86 �“ 0.04 ��0.001

Visceral fat area, cm2 111.4�“50.6 123.5 �“ 53.7 97.1 �“ 42.6 ��0.001

Subcutaneous fat area, cm2 175.3 �“ 60.0 167.3 �“ 60.3 184.8 �“ 58.5 0.011

Laboratory profiles

Fasting glucose. mg/mL 99.7 �“ 24.2 104.6 �“ 27.8 93.9 �“ 17.4 ��0.001

Total cholesterol, mg/mL 184.5 �“ 37.8 178.0 �“ 39.1 192.1 �“ 34.7 0.001

Triglycerides. mg/mL 114.9 �“ 63.7 128.6 �“ 74.3 98.8 �“ 43.2 ��0.001

AST, IU/L 22.9 �“ 9.0 24.3 �“ 8.8 21.4 �“ 7.9 0.003

ALT, IU/L 23.5 �“ 13.5 26.6 �“ 14.7 19.1 �“ 10.5 ��0.001

��-GTP, IU/L 33.2 �“ 30.9 42.7 �“ 36.4 22.1 �“ 17.3 0.001

ESR, mm/h 17.2 �“ 15.5 13.4 �“ 13.3 21.9 �“ 16.8 ��0.001

CAP (dB/m) 244 (100–382) 254 (127–367) 235 (100–382) 0.001

IQR (dB/m) 28.0 (7.0–75.0) 26.0 (7.0–65.0) 29 (8.0–75.0) NS

IQR/Mcap 0.12 (0.02–0.25) 0.11 (0.02–0.21) 0.12 (0.02–0.25) NS

Variables are expressed as mean �“ standard deviation, median (range), or number (%). NS, not significant (P�!0.05); AST, aspartate aminotransferase;

ALT, alanine aminotransferase; ��-GTP, ��-glutamyl transpeptidase; ESR, erythrocyte sedimentation rate; CAP, controlled attenuation parameter; IQR,

interquartile range

https://doi.org/10.1371/journal.pone.0187066.t001

Table 2. Univariate and multivariate regression analyses of clinical factors associated with controlled attenuation parameter.

Variable Univariate Multivariate

ρ P value (ρ) P value

Male gender 0.173 0.002 NS

Body mass index, kg/m2 0.491 ��0.001 NS

Visceral fat area, cm2 0.497 ��0.001 0.001

Subcutaneous fat area, cm2 0.234 ��0.001 NS

Fasting glucose, mg/mL 0.406 ��0.001 NS

Triglycerides, mg/mL 0.352 ��0.001 ��0.001

ALT, IU/L 0.285 ��0.001 0.017

��-GTP, IU/L 0.374 ��0.001 NS

NS, not significant; ALT, alanine aminotransferase; ��-GTP, ��-glutamyl transpeptidase

https://doi.org/10.1371/journal.pone.0187066.t002
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accordingto gender,BMI, WHR, VFA, SFA,andserumlevelof fastingglucose,triglycerides,
ALT, andγ-GTPweresignificantlyhigherin bothgenderswith significanthepaticsteatosis
(S1Table).

Risk factors for significant hepatic steatosis

In themultiple logisticregressionanalysisadjustedfor ageandgender,VFA (OR,1.010;95%
CI, 1.001±1.019;P = 0.028)andtriglycerides(OR,1.006;95%CI, 1.001±1.011;P = 0.022)were
identifiedasindependentrisk factorsfor significanthepaticsteatosis(Table4).VFA exhibited

Table 3. Comparison of patients with and without significant hepatic steatosis.

Variable No significant-hepatic steatosis (n = 170, 55.9%) Hepatic steatosis (n = 134, 44.1%) P value

Age, years 55.5 �“ 11.5 57.7 �“ 9.7 NS

Male gender (%) 49 (36.6) 90 (52.9%) 0.005

Medical history

Diabetes mellitus 7 (4.1) 15 (11.2) NS

Hypertension 26 (15.3) 18 (13.4) NS

Body mass index, kg/m2 23.0 �“ 2.6 25.5 �“ 3.1 ��0.001

Waist/hip ratio 0.86 �“ 0.04 0.90 �“ 0.04 0.001

Visceral fat area, cm2 95.6 �“ 41.9 131.5 �“ 53.7 ��0.001

Subcutaneous fat area, cm2 162.7 �“ 56.5 191.3 �“ 60.8 ��0.001

Laboratory profiles

Fasting glucose, mg/mL 95.7 �“ 23.7 104.8 �“ 23.8 0.001

Cholesterol, mg/mL 182.3 �“ 39.6 187.4 �“ 35.3 NS

Triglycerides, mg/mL 100.1 �“ 52.6 133.8 �“ 71.4 ��0.001

AST, IU/L 21.9 �“ 7.2 24.3 �“ 9.8 NS

ALT, IU/L 20.5 �“ 10.4 26.5 �“ 16.1 ��0.001

��-GTP, IU/L 29.8 �“ 29.5 37.5 �“ 32.3 0.031

ESR, mm/h 17.1 �“ 15.1 17.6 �“ 16.2 NS

Liver stiffness value, kPa 4.5 (2.1–21.8) 4.6 (2.8–14.3) NS

Variables are expressed as mean �“ standard deviation, median (range), or number (%).

NS, not significant; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ��-GTP, ��-glutamyl transpeptidase; ESR, erythrocyte sedimentation

rate

https://doi.org/10.1371/journal.pone.0187066.t003

Table 4. Independent risk factors for significant hepatic steatosis.

Variable Total (n = 304) Male (n = 165, 54.3%) Female (n = 139, 45.7%)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Male gender NS

Age NS NS NS

BMI NS NS NS

Visceral fat area 1.010 (1.001–1.019) 0.028 1.008 (1.001–1.011) 0.045 1.029 (1.010–1.048) 0.002

Subcutaneous fat area NS NS NS

Fasting glucose NS NS NS

Triglycerides 1.006 (1.001–1.011) 0.022 NS 1.003 (1.006–1.026) 0.017

ALT NS NS 1.057 (1.006–1.111) 0.029

��-GTP NS NS NS

OR, odds ratio; CI, confidence interval; NS, not significant; BMI, body mass index; ALT, alanine

https://doi.org/10.1371/journal.pone.0187066.t004
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agreaterAUROCvaluesthanSFAandWHR (VFA, 0.750;SFA,0.597;WHR, 0.721)(Fig1).
VFA (OR,1.008;95%CI, 1.001±1.011;P = 0.045)wastheonly independentrisk factorfor sig-
nificant hepaticsteatosisin males,whereasVFA (OR,1.029;95%CI, 1.010±1.048;P= 0.002),
triglycerides(OR,1.003;95%CI, 1.006±1.026;P = 0.017),andALT (OR,1.057;95%CI, 1.006±
1.111;P = 0.029)wereindependentrisk factorsin females.

Optimal cut-off visceral fat area values for predicting significant hepatic steatosis. The
cut-off VFA valuefor predictingalow risk of significanthepaticsteatosiswith ahighNPV
(92.3%)was57.3cm2 (PPV,47.5%;sensitivity98.5%;specificity14.1%).Thecut-off valueof
VFA for predictingahigh risk of significanthepaticsteatosiswith ahighPPV(70.0%)was
192.2cm2 (NPV 57.7%;sensitivity10.4%;specificity96.5%).

Whenthepopulationwasstratifiedaccordingto VFA<100cm2, 100�VFA<200 cm2, and
VFA �200 cm2, patientswith ahigherVFA hadagreaterrisk of significanthepaticsteatosis.
TheORswere4.838(P<0.001;95%CI, 2.912±8.039)for patientswith 100�VFA<200 cm2

and7.474(P<0.001;95%CI, 2.462±22.693)for thosewith aVFA �200 cm2, ascomparedto
patientswith aVFA<100cm2. ThemedianCAPscoreandLSvalueincreasedwith increasing
VFA (Fig2A and2B).

Sub-group analysis of patients with a body mass index below 23 kg/m2

To identify risk factorsfor significanthepaticsteatosisin non-obesepatients,sub-groupanaly-
sisof subjectswith aBMI <23kg/m2 wasperformed.Among110patients(76malesand34

Fig 1. Areas under the receiver operating characteristic curves of the predictive power of hepatic

steatosis.

https://doi.org/10.1371/journal.pone.0187066.g001
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females),22(20.0%)hadsignificanthepaticsteatosis.In univariateanalyses,VFA (P<0.001),
glucose(P = 0.009),andtriglycerides(P = 0.001)wereassociatedwith significanthepaticstea-
tosis.In asubsequentmultivariateanalysis,only VFA wassignificantlyrelatedto significant
hepaticsteatosis(OR1.006;95%CI 1.001±1.011;P = 0.022).

Discussion

NAFLD hasbecomeoneof themostimportant andrapidly increasingdiseasesworldwide.[1]
Metabolicsyndrome,includingobesity,hassurprisinglybecomeamajorhealthproblemin
Asiain associationwith achangedin lifestyle.Our datasuggestthatVFA issignificantlyasso-
ciatedwith hepaticsteatosis,asassessedbyTE.Patientswith ahigherVFA hadagreaterrisk
of significanthepaticsteatosiscomparedwith thosewith alowerVFA. Whenthepopulation
wasstratifiedaccordingto VFA,patientswith ahigherVFA hadagreaterrisk of significant
hepaticsteatosis,exhibitedbyahigherOR.TheassociationbetweenVFA andhepaticsteatosis
wasindependentof BMI. Moreover,VFA waspredictiveof hepaticsteatosisnot only in obese
subjectsbut alsoin non-obesesubjects.

Obesityisawell-knownrisk factorfor metabolicdiseases,includingNAFLD.Previous
studiesreportedthatBMI isstronglycorrelatedwith fatty liver andtherisk of NAFLD
increaseswith increasingBMI [23,24].However,thereisgrowingevidencethatvisceraladipo-
city ratherthantotaladipocityreflectsectopicfataccumulation.Thus,visceraladiposityis the
harmfulaspectof themetabolicsyndrome.AlthoughBMI andwaistcircumferenceareusedas
surrogatemarkersof obesity,theyhavelimited ability to discriminatebetweenvisceraland
subcutaneousfat compartments[25,26].Therefore,theaimof our studywasto assesstheasso-
ciationbetweenvisceralfat andhepaticsteatosisindependentlyof totaladiposity.Our results
suggestthatVFA issignificantlyassociatedwith hepaticsteatosis,whereasotherobesityindi-
cators,suchasBMI, arenot. This finding is in line with thoseof previousstudies[10,27].In
our study,VFA waspredictiveof NAFLD irrespectiveof genderor obesity.

Previousstudiesshowedarelativelylow prevalenceof NAFLD (6.3%-34.0%)whenultraso-
nographywasusedfor diagnosis[28]. Becauseultrasonographyisasubjectiveexamination

Fig 2. (A) Controlled attenuation parameter (CAP) score distribution in patients with visceral fat area (VFA) ��100 cm2, 100�VFA��20 0 cm2, and VFA

�200 cm2. The median CAP score increased with increasing VFA. (B) Liver stiffness (LS) value distribution in patients with visceral fat area (VFA)

��100 cm2, 100�VFA ��200 cm2, and VFA �200 cm2. The median LS value increased with increasing VFA.

https://doi.org/10.1371/journal.pone.0187066.g002
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that ishighlydependenton theoperator,andinsensitivein mild (<30%)intrahepaticsteatosis,
theprevalenceof NAFLD mayhavebeenunderestimated[29]. Bycomparison,theCAPvalue,
measuredusingTE,candetecthepaticsteatosisinvolvingaslittle as10%of hepatocytes[30].
Althoughit isoftenimpossibleto evaluatethedegreeof steatosiswith ultrasonographyin
obesesubjects,TEcanevaluatethedegreeof steatosisaccuratelyin thesepatients.

Asiantendsto compriseagreaterproportion of non-obesepatientswith NAFLD than
Westernpopulations.Theprevalenceof NAFLD was7.3%in agroupof non-obeseChinese
patients,with anincidenceof 8.9%during the5-yearfollow-up [31]. In Korea,theprevalence
of NAFLD in non-obesesubjectswas23.4%,similar to our findings[32]. Among110patients
with aBMI <23kg/m2, 22(20.0%)hadsignificanthepaticsteatosis.Thedistributionsof body
fatandtotalamountof adiposetissueareimportant in thedevelopmentof NALFD in non-
obesepatients[33]. Centralobesity,including truncalandvisceralobesity,ismorestrongly
correlatedwith NAFLD developmentthananincreasein BMI in non-obesepatients[34,35].
Thus,VFA wasexpectedto beastrongerpredictorthanBMI in bothobeseandnon-obese
patients.However,ageandBMI wereassociatedwith NAFLD in obeseKoreansubjects,but
not in non-obesesubjects[32]. In our study,thecut-off VFA valuefor predictingalow risk of
significanthepaticsteatosiswas57.3cm2 andthevaluefor predictingahigh risk was192.2
cm2. In apreviousKoreanstudy,thecut-off VFA valueassociatedwith anincreasedrisk of
obesity-relateddisorderswas71.10cm2 (sensitivity,72.3%;specificity,76.5%;P = 0.01)for
patientsaged16to 18years[36]. Thecut-off valuesdifferedaccordingto age,but VFA consis-
tentlyhadagreaterimpacton obesity-relatedoutcomesthandid BMI.

Thisstudyhadlimitations.First,histologicalassessmentwasnot available.Becausethesub-
jectswereundergoinghealthcheck-ups,mostrefusedaliver biopsydueto its invasiveness.
Thegoldstandardof diagnosisisstill a liver biopsy,but recentstudiesfor non-invasivemark-
ersincludingCAPareunderwayto replaceliver biopsy[37]. Second,thecut-off CAPvalue
for hepaticsteatosisiscontroversial.In thisstudy,thecut-off value(248dB/m) wasdeter-
minedaccordingto previousreportson theaccuracyof CAPbasedon ameta-analysisdata.
However,our grouphasexperiencevalidatingCAPscoresaccordingto histologicsteatosisin
patientswith NAFLD [8,9].Theoptimalcut-off valuesfor steatosiswere247dB/m for S1,280
dB/m for S2,and300dB/m for S3.Third, CT scanhadconcernsaboutthecostandrisk of
radiationexposure.Thus,CAPispreferreddueto radiation-freeassessment.However,fatCT
isverysafeandrelativelylow exposureto radiationwith anexaminationtime of 3 min anda
radiationexposureof only 2 mSV.It isusuallyhalfof thelow-dosechestCT (5mSV)for early
diagnosisof lungcancer.Lastly,sarcopeniahasrecentlybeenidentifiedasanimportant factor
in NAFLD,but it hasnot beenevaluatedin thisstudy.

In conclusion,VFA wassignificantlycorrelatedwith hepaticsteatosismeasuredbyCAP.
VFA wasnot affectedbygenderor otherfactors.Thus,patientswith NAFLD requirespecific
surveillance,whichshouldinvolveparametersindicativeof centralobesityand,not only BMI.
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