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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 diseas€éNAFLD) is oneof the mostcommoncause®f chronicliver
diseasevorldwide.Severdorms of NAFLD suchasnonalcoholicsteatohepatitisanprogress
to end-stagdiver diseassuchascirrhosisor hepatocellulacarcinoma[1+3]. Thereforejnves-
tigatingrisk factorsassociateith hepaticsteatosiss requiredto performeffectivescreening.
Hepaticsteatosislevelopgor avarietyreasonsbut obesityis the mostcommonassociated
condition [4] andviceversaCuf-off of bodymassndex (BMI) definingobesitydiffersaccord-
ing to race TherecommendedMI cut-off valuefor obesityis > 25kg/m? for Asiansjn con-
trastto > 30kg/m? for Westernindividuals[5]. However NAFLD canoccurin non-obese
subjectand NAFLD in non-obeseatientis especiallfrequentin Asia[6].

Liver biopsyis the gold standardfor diagnosindfatty liver diseasehut it is invasiveand dif-
ficult to performin aclinical setting.As anon-invasivamethod,transientelastographyTE)
hasbeenvalidatedfor assessingepaticsteatosisisingacontrolledattenuationparameter
(CAP)[7]. In arecentstudy,the CAP scoreandliver stiffnessraluesassesseuy TE showed
significantcorrelationwith the degree®f steatosi¢r = 0.656 P<0.001)andfibrosis(r = 0.714,
P<0.001]8]. A meta-analysialsoshowedhat CAP providesa standardizedhon-invasive
measuremendf hepaticsteatosi$9].

Severattudiessuggestediscerahdiposityto beaclinical predictorof hepaticsteatosis
[10+12].Visceralfat area(VFA) measuredy computedtomography(CT) is aquantitative
andaccurataneasuref viscerafat, which is more predictiveof hepaticsteatosishan BMI or
subcutaneoufat accumulatior[13,14].Although previousstudieshaveidentified arelation-
shipbetweerVFA andhistologicahepaticsteatosighe relationshipbetweerVFA andsteato-
sisis not widelyusedin clinical practicedueto theinvasivenessf liver biopsy[15]. To
facilitateclinical application therelationshipbetweenVFA andnon-invasivemethodsof
assessingepaticsteatosishouldbeevaluated.

Asanon-invasiveandrelativelyaccuratenethodof quantifyinghepaticsteatosisCAP has
otheradvantagesuchasoperatorindependencyandlowercostswhencomparedo other
non-invasivemethodssuchasultrasonographyCT, and magneticesonancémaging(MRI)
[16+20].However therelationshipbetweenCAP andclinical factors suchasindicatorsof vis-
ceraladiposity,is still unclear.Theaim of this studywasto evaluatehe relationshipbetween
CAPandVFA (quantitativeindicatorsof hepaticsteatosisind centralobesity respectively),
togetherwith otherclinicalfactors.

Materials
Patients

BetweerNovember2011andJuly2012 316patientswho underwentagenerahealthexami-
nationthatincludedabdominalultrasonographyTE,andabdominalfat CT scanat Severance
Hospital,YonseiUniversity Collegeof Medicine,SeoulKorea,wereenrolled.Patientsvere
excludedf theychronicallyconsumedexcessivalcohol(>30g/dayfor men,>20g/dayfor
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women)or werepositivefor serumhepatitisB surfaceantigen,or serumhepatitisC virus anti-
body.We alsoexcludedoatientsin whom CAP measurementa/ereunsuccessfukinally,304
patientswereincludedin the statisticabnalysisWritten informed consentwasobtainedfrom
all patientsbeforeenroliment.The studyprotocolconformedto the ethicalguidelinesof the
1975Helsinki Declarationandwasapprovedy the Institutional ReviewBoardof Severance
Hospital.

Anthropometric data and laboratory tests

Clinical dataand previousmedicalhistory wereobtainedby self-reportquestionnairesindan
electronicchartreview.Anthropometricmeasurementsncluding BMI, andwaist-hipratio
(WHR), wereperformedon the samedayasthe laboratoryandradiologicaltests Bodyweight
andheightweremeasuredisingadigital scaleand BMI wascalculatedy dividing weight
(kg) by the squareof height(m?). Usingatapemeasureawell-trainedindividual measured
thewaistcircumferencetthe midpoint betweerthe lowercostalmarginandanterior superior
iliac crest,andthe hip circumferenceat the widestpoint overthe buttocks WHR wasobtained
by dividing the meanwaistcircumferenceyy the meanhip-circumference.

Laboratoryparametersncluding serumfastingglucosetotal cholesterolfriglycerides,
aspartateaminotransferas@AST),alanineaminotransferas@ALT), y-glutamyltranspeptidase
(y-GTP)anderythrocytesedimentatiorrate (ESR)Wweremeasuren the samedayasthe
radiologicaltests.

Ultrasonographic assessments and measurement of controlled
attenuation parameter

After fastingfor atleast8 hours,all patientsunderwentabdominalultrasonographynd TE
usingtheliver FibroScart’ (EchosensParisFrance)M probe.Ultrasonographi@xaminations
of the liver wereperformedby experiencedadiologistsvho wereblindedto the clinical infor-
mation. Diagnosisof afatty liver wasperformedby ultrasonographyisingpreviously
describedstandardizedriteria[21].

OneexperiencedechnicianperformedTE blindedto the clinical dataof the patients' The
principlesof CAP measuremenhavebeendescribedreviously{16]. CAP measuresiltrasonic
attenuationat 3.5MHz usingsignalsacquiredby TE. Theinterquartilerange(IQR) was
definedasanindexof theintrinsic variability of CAP valuescorrespondingo theinterval of
CAPresultscontaining50%of the valid measurementbetweerthe 25thand 75th percentiles.
Themedianof successfuheasurementaasselectedisrepresentativef the CAPvaluesof a
givenpatient.As anindicator of variability,theratio of the IQR of CAPvaluego the median
(IQR/Mcap) wascalculatedin this study,only TE measurementsith  10validshotsanda
succesgateof 60%wereconsideredeliableandusedfor statisticabnalysis.

Steatosi§ TE basedsteatosigradel), wasdefinedasthe presencef fatty liver diseasdy
abdominalultrasonographyindingsandaCAPvalue 248dB/m. Significantsteatosi¢ TE
basedsteatosigrade?) wasdefinedasthe presencef fatty liver diseasen theimagesanda
CAPvalue 268dB/m|[9].

Assessment of abdominal visceral fat area and subcutaneous fat area

Subcutaneouandviscerafat areasverecalculatedy CT (SomatomPlus,Siemensier-
many).A leadprotectiondevicewasusedto minimize exposurdo X-raysduring CT scans.
Subjectsvereexaminedn asupineposition. Thevisceralndsubcutaneouadiposeaegions
werecalculatedaccordingto the intervertebralposition of L2+3.VFA wasdefinedasintra-
abdominalfat boundby the parietalperitoneumor transversalfasciagxcludingthe vertebral
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columnandthe paraspinamusclesSubcutaneoufat area(SFA)wasdefinedasfat superficial
to theabdominalandbackmusclesVAT wasthenmeasuredgroundtheinner boundaryof
theabdominalwall musclesA regionof interestdrawn aroundthe externalmargin of theder-
miswasusedto calculateghetotal adiposdissue(TAT) areaThe SFAwasobtainedby sub-
tractingthe VAT from the TAT.

Statistical analysis

Dataareexpressedsmeant standarddeviation,median(range),or number(%),asappropri-
ate.CorrelationshetweerCAP and othervariablesveredescribedusingSpearman'sorrela-
tion coefficientsComparisondetweerpatientswith andwithout hepaticsteatosisvere
performedusingthe Student's-testor the Mann-Whitneytestfor continuousvariablesand
thechi-squaredr Fisher'sexacttestwasusedfor categoricavariablesUnivariateand subse-
quentmultivariatebinarylogisticregressioranalysesvereperformedto identify independent
factorsrelatedto significanthepaticsteatosisOddsratio (OR) and correspondingd5%confi-
denceinterval (Cl) werealsoevaluatedOptimal cut-off VFA valuego predictsignificant
hepaticsteatosisverecalculatecasthe maximizedsumof the sensitivityand specificity(Y ou-
denindex)from theareasunderthereceiveroperatingcharacteristicurvesAUROC). Posi-
tive predictivevalueand negativepredictivevalue(PPVand NPV) werealsocomputed A P
value<0.05by two-tailedtestwasconsideredndicativeof statisticakignificanceDataanaly-
sesvereperformedusingthe SASsoftwareg(ver.9.1;SASInc., Cary,NC, USA).

Results
Baseline characteristics

Baselineharacteristicef the studypopulationaresummarizedn Tablel. Thetotal number
of subjectsvas304(165menand 139femalespndtheir meanagewas56.5+ 10.7yearsThe
meanBMI was24.1+ 3.1kg/m? andthe WHR was0.89+ 0.04 Eighty (26.3%)patientswere
overweighi(BMI, 23+25kg/m?) and 114(37.5%)wereobesgBMI >25kg/m?) accordingto
thenewWorld HealthOrganizationBMI criteriafor Asians.[22]ThemeanVFA and SFA
werel11.4+ 50.6cm? and 175.3+ 60.0cm?, respectivelyThe medianCAP valuewas244dB/
m (range,100+382).

BMI, WHR, VFA, CAPvalue andthe serumlevelsof fastingglucosetriglyceridesAST,
ALT, y-GTP,andESRwerehigherin maleswhereassFAandthe serumcholesterolevelwere
higherin femalegTablel).

Correlations between controlled attenuation parameter and clinical
variables

In univariateanalysesCAP valuesverecorrelatedwith themalegender(p = 0.173,, = 0.002),
BMI (p = 0.491P<0.001) VFA (p = 0.497 P<0.001) SFA(p = 0.234 P<0.001)fastingglu-
cosg(p = 0.406,,<0.001)triglycerideqp = 0.352 P<0.001) ALT (p = 0.285,,<0.001)andy
-GTP(p =0.374,,<0.001)In asubsequentultivariateregressioranalysisCAP (P = 0.001)
wasindependentlyassociatevith VFA, triglyceridegP<0.001)andALT (P = 0.017)
(Table2). ThecorrelationbetweerCAPandVFA is shownin S1Fig.

Comparison of the hepatic steatosis and non-hepatic steatosis groups

Significanthepaticsteatosisvasobservedn 134(44.1%)patients Significantsteatosisvas
presentin 93(69.4%)patients(68in maleand 25in female)in the obeseggroupand41(30.6%)
patients(21in maleand20in female)in the non-obesearoup.
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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/m? 24131 25.1 “3.0 229 “2.7 0.001
Waist/Hip ratio 0.89 “0.04 0.89 “0.04 0.86 “0.04 0.001
Visceral fat area, cm? 111.450.6 123.5 “53.7 97.1 “42.6 0.001
Subcutaneous fat area, cm? 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 229 “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, -glutamyltranspeptidase; ESR, erythrocyte sedimentation rate; CAP, controlled attenuation parameter; IQR,
interquartile range

https://da.org/10.1371¢urnal.pon®187066.t001

In univariateanalysismalegender(90of 134patients[67.2%]vs.490f 170patients
[28.8%],P = 0.005) BMI (25.5+ 3.1kg/m? vs.23.0+ 2.6kg/m?, P<0.001) WHR (0.90+ 0.04
vs.0.86+ 0.04,P=0.001)VFA (131.5+ 53.7cm?vs.95.6+ 41.9cm?, P<0.001)SFA
(191.3+ 60.8vs.162.7+ 56.5,,<0.001) fastingglucosg104.8+ 23.8mg/mL vs.95.7+ 23.7
mg/mL, P = 0.001){riglycerideq133.8+ 71.4mg/mL vs.100.1+ 52.6mg/mL, P<0.001) ALT
(26.5+ 16.1U/L vs.20.5+ 10.4IU/L, P<0.001)andy-GTP(37.5+ 32.3IU/L vs.29.8+ 29.5
IU/L, P =0.031)werehigherin patientswith significanthepaticsteatosishanin thosewithout
(Table3). Whenthe patientswith andwithout significanthepaticsteatosisverecompared

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

Variable Univariate Multivariate
P Pvalue (p) Pvalue
Male gender 0.173 0.002 NS
Body mass index, kg/m? 0.491 0.001 NS
Visceral fat area, cm? 0.497 0.001 0.001
Subcutaneous fat area, cm? 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://da.org/10.1371durnal.pon®187066.t002
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Table 3. Comparison of patients with and without significant hepatic steatosis.

Variable
Age, years
Male gender (%)
Medical history
Diabetes mellitus
Hypertension
Body mass index, kg/m?
Waist/hip ratio
Visceral fat area, cm?
Subcutaneous fat area, cm?
Laboratory profiles
Fasting glucose, mg/mL
Cholesterol, mg/mL
Triglycerides, mg/mL
AST, IU/L
ALT, IU/L
-GTP, IU/L
ESR, mm/h
Liver stiffness value, kPa

No significant-hepatic steatosis (n = 170, 55.9%)
55.5 “11.5
49 (36.6)

7 (4.1)

26 (15.3)
23.0 “2.6
0.86 “0.04
95.6 “41.9
162.7 “56.5

95.7 “23.7
182.3 “39.6
100.1 “52.6
21.9 “7.2
20.5 “10.4
29.8 “29.5
17.1 “15.1
4.5(2.1-21.8)

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://da.org/10.1371¢urnal.pon®187066.t003

Hepatic steatosis (n = 134, 44.1%)

57.7 “9.7
90 (52.9%)

15(11.2)
18 (13.4)
255 “3.1
0.90 “0.04
1315 “53.7
191.3 “60.8

104.8 “23.8
187.4 “35.3
133.8 “71.4
24.3 9.8
26.5 “16.1
37.5 “32.3
17.6 “16.2
4.6 (2.8-14.3)

Pvalue
NS
0.005

NS

NS
0.001

0.001
0.001
0.001

0.001
NS
0.001
NS
0.001
0.031
NS
NS

accordingto gender BMI, WHR, VFA, SFA andserumlevelof fastingglucosetriglycerides,
ALT, andy-GTPweresignificantlyhigherin both genderswith significanthepaticsteatosis

(S1Table).

Risk factors for significant hepatic steatosis

In the multiple logisticregressioranalysisadjustedor ageandgenderVFA (OR,1.01095%
Cl,1.001+£1.019 = 0.028)andtriglycerideOR, 1.00695%CIl, 1.001+1.0112 = 0.022)were
identified asindependentisk factorsfor significanthepaticsteatosigTable4). VFA exhibited

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) Pvalue OR (95% ClI) Pvalue OR (95% CI) Pvalue

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; Cl, confidence interval; NS, not significant; BMI, body mass index; ALT, alanine
https://da.org/10.1371durnal.pon®187066.t004
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Fig 1. Areas under the receiver operating characteristic curves of the predictive power of hepatic
steatosis.

https://cbi.org/10.1371durnal.por.0187066.g0L

agreaterAUROCvalueghan SFAandWHR (VFA, 0.750SFA,0.597WHR, 0.721)Fig 1).
VFA (OR,1.00895%CI, 1.001+1.012 = 0.045)wasthe only independentisk factorfor sig-
nificant hepaticsteatosisn maleswheread/FA (OR,1.02995%Cl, 1.010+1.048 = 0.002),
triglyceride OR, 1.00395%Cl, 1.006+1.02& = 0.017)andALT (OR,1.05795%Cl, 1.006+
1.111p = 0.029)wereindependentisk factorsin females.

Optimal cut-off visceral fat area values for predicting significant hepatic steatosis. The
cut-off VFA valuefor predictingalow risk of significanthepaticsteatosisvith ahigh NPV
(92.3%)was57.3cm? (PPV,47.5%sensitivityd8.5%specificityl 4.1%) The cut-off valueof
VFA for predictingahigh risk of significanthepaticsteatosisvith ahigh PPV(70.0%)wvas
192.2cm? (NPV 57.7%sensitivity10.4%specificity96.5%).

Whenthe populationwasstratifiedaccordingto VFA <100cm?, 100 VFA<200 cm?, and
VFA 200 cm?, patientswith ahigherVFA hadagreaterisk of significanthepaticsteatosis.
The ORswere4.838(P<0.00195%Cl, 2.912+8.03%pr patientswith 100 VFA<200 cm?
and7.474(P<0.00195%Cl, 2.462+22.693pr thosewith aVFA 200 cm?, ascomparedo
patientswith aVFA <100cm?. ThemedianCAP scoreand LSvalueincreasedvith increasing
VFA (Fig2A and2B).

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

To identify risk factorsfor significanthepaticsteatosin non-obeseatients sub-groupanaly-
sisof subjectsvith aBMI <23kg/m? wasperformed. Among 110patients(76 malesand 34
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Fig 2. (A) Controlled attenuation parameter (CAP) score distribution in patients with visceral fat area (VFA) 100 cm?, 100 VFA 20 0cm?, and VFA
200 cm?. The median CAP score increased with increasing VFA. (B) Liver stiffness (LS) value distribution in patients with visceral fat area (VFA)
100 cm?, 100 VFA 200 cm?, and VFA 200 cm?. The median LS value increased with increasing VFA.

https://dbi.org/10.1371djurnal.por.0187066.902

females)22(20.0%hadsignificanthepaticsteatosidn univariateanalysesyFA (P<0.001),
glucosgP = 0.009) andtriglycerideqP = 0.001)wereassociatedith significanthepaticstea-
tosis.In asubsequenmultivariateanalysispnly VFA wassignificantlyrelatedto significant
hepaticsteatosi$OR 1.00695%CI 1.001+1.01 = 0.022).

Discussion

NAFLD hasbecomeoneof the mostimportant andrapidly increasingdiseases/orldwide.[1]
Metabolicsyndromejncluding obesity hassurprisinglybecomeamajor healthproblemin
Asiain associatiomwith achangedn lifestyle Our datasuggesthat VFA is significantlyasso-
ciatedwith hepaticsteatosisasassessdaly TE. Patientswith ahigherVFA hadagreaterrisk
of significanthepaticsteatosisomparedwith thosewith alowerVFA. Whenthe population
wasstratifiedaccordingto VFA, patientswith ahigherVFA hadagreaterrisk of significant
hepaticsteatosisexhibitedby ahigherOR.The associatiobetweerVFA and hepaticsteatosis
wasindependenbf BMI. Moreover,VFA waspredictiveof hepaticsteatosisiot only in obese
subjectdut alsoin non-obesesubjects.

Obesityis awell-knownrisk factorfor metabolicdiseasesncluding NAFLD. Previous
studiesreportedthat BMI is stronglycorrelatedwith fatty liver andtherisk of NAFLD
increasesvith increasingBMI [23,24].However thereis growingevidencehat visceraldipo-
city ratherthantotal adipocityreflectsectopicfat accumulationThus,visceraldiposityis the
harmful aspecbf the metabolicsyndrome AlthoughBMI andwaistcircumferenceareusedas
surrogatemarkersof obesity theyhavelimited ability to discriminatebetweervisceralnd
subcutaneoutat compartmentg25,26].Thereforethe aim of our studywasto assesthe asso-
ciationbetweerviscerafat andhepaticsteatosisndependentlyof total adiposity.Our results
suggesthat VFA is significantlyassociateith hepaticsteatosisyhereaotherobesityindi-
catorssuchasBMI, arenot. Thisfinding isin line with thoseof previousstudieq10,27].In
our study,VFA waspredictiveof NAFLD irrespectiveof genderor obesity.

Previousstudiesshowedarelativelylow prevalencef NAFLD (6.3%-34.0%\henultraso-
nographywasusedfor diagnosig28]. Becauseltrasonographys a subjectiveexamination
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thatis highly dependenbn the operator,andinsensitivan mild (<30%)intrahepaticsteatosis,
the prevalencef NAFLD mayhavebeenunderestimated29]. By comparisonthe CAPvalue,
measuredising TE, candetecthepaticsteatosisvolving aslittle as10%of hepatocytef30].
Althoughit is oftenimpossibleo evaluateéhe degreeof steatosisvith ultrasonographyn
obesesubjectsTE canevaluatehe degreeof steatosigiccuratelyn thesepatients.

Asiantendsto compriseagreatemroportion of non-obeseatientswith NAFLD than
Westernpopulations.Theprevalencef NAFLD was7.3%in agroupof non-obeseChinese
patientswith anincidenceof 8.9%during the 5-yearfollow-up[31]. In Koreathe prevalence
of NAFLD in non-obesesubjectavas23.4%similar to our findings[32]. Among 110patients
with aBMI <23kg/m?, 22(20.0%hadsignificanthepaticsteatosisThedistributionsof body
fatandtotal amountof adiposdissueareimportantin the developmenbf NALFD in non-
obesegatients[33]. Centralobesity jncluding truncalandviscerabbesity js more strongly
correlatedwith NAFLD developmenthananincreasan BMI in non-obesepatients34,35].
Thus,VFA wasexpectedo beastrongerpredictorthanBMI in both obeseandnon-obese
patients However,ageand BMI wereassociateaith NAFLD in obeseKoreansubjectsbut
notin non-obesesubjectg32]. In our study,the cut-off VFA valuefor predictingalow risk of
significanthepaticsteatosisvas57.3cm? andthe valuefor predictinga high risk was192.2
cm?. In apreviousKoreanstudy,the cut-off VFA valueassociatedith anincreasedisk of
obesity-relatedlisorderswas71.10cm? (sensitivity,72.3%specificity,76.5%p = 0.01)for
patientsagedl6to 18yearq36]. The cut-off valuedifferedaccordingto age put VFA consis-
tently hada greaterimpacton obesity-relate@utcomeghandid BMI.

This studyhadlimitations. First, histologicalassessmentasnot availableBecauséhe sub-
jectswereundergoinghealthcheck-upsmostrefusedaliver biopsydueto its invasiveness.
Thegold standardof diagnosigs still aliver biopsy but recentstudiesfor non-invasivemark-
ersincluding CAP areunderwayto replacdiver biopsy[37]. Secondthe cut-off CAPvalue
for hepaticsteatosiss controversialln this study,the cut-off value(248dB/m) wasdeter-
minedaccordingto previousreportson the accuracyf CAP basedn ameta-analysidata.
Howeverour grouphasexperiencevalidatingCAP scoresaccordingto histologicsteatosisn
patientswith NAFLD [8,9]. Theoptimal cut-off valuedor steatosisvere247dB/m for S1,280
dB/m for S2,and300dB/m for S3.Third, CT scanhadconcernsaboutthe costandrisk of
radiationexposureThus,CAPis preferreddueto radiation-freeassessmentiowever fat CT
is verysafeandrelativelylow exposureo radiationwith anexaminationtime of 3min anda
radiationexposurenf only 2 mSV.It is usuallyhalf of the low-dosechestCT (5mSV)for early
diagnosiof lung cancerLastly,sarcopenidasrecentlybeenidentified asanimportant factor
in NAFLD, but it hasnot beenevaluatedn this study.

In conclusionVFA wassignificantlycorrelatedwith hepaticsteatosisneasuredy CAP.
VFA wasnot affectecby genderor otherfactors.Thus,patientswith NAFLD requirespecific
surveillancewhich shouldinvolveparametersndicativeof centralobesityand,not only BMI.

Supporting information

S1 Fig. Correlation between controlled attenuation parameter(CAP) value and visceral fat
area (VFA). Theregressiorine is shown.CAP wassignificantlycorrelatedwith VFA
(P<0.001).

(TIF)

§1 Table. Comparison of patients with and without significant hepatic steatosis subdivided
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