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I Abstract

Although the classical gold standard for diagnosing and staging non-alcoholic fatty liver disease (NAFLD) and
assessing fibrosis is liver biopsy, the procedure has several drawbacks, such as sample error, subjectivity in
interpretation, high cost, and a small but real risk of complications.In an attempt to replace liver biopsy and
to subcategorize patients with NAFLD into different prognoses, many non-invasive methods using various
biomarkers, scoring systems, and imaging methods, such as elastography, have been attempted in the last
decade. This article summarizes non-invasive diagnostic tests for the diagnosis of NAFLD/Nonalcoholic
steatohepatitis, as well as the limitations and merits of liver biopsy. (J Korean Diabetes 2013;15:82-92)
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disease, NAFLD)2 Z|%7td 9 A{-3F Jwof ula * dskeba gt
ool Z zfolE Hol7] ulie] o]& FApollA A3t 1) Steatotest
A 73 T ARE s A2 YYH o= f Steatotest= a2—-macroglobulin, haptoglobin,
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2) Fatty liver index (FLI)

FLI+= Dionysos Nutrition & Liver Study©llA] 3t
AE duelEoR[4] 259E #E WHOR olg
sk itk o] X4 BMI, 3|8]Ed|, triglycerides,
GGTE o|&3dto] ofefjet &2 WHog AAitem
0~100 Ato]e] A42 FA|ETH 28y FLI= 280}
#E AGHo g o] gatlrts dHo] glon F&
R 250 HARE tiAske] gt dqtof o] 85
ot X 2,0759 9] S WS o= 15|t
WS AFo|A| FLI= AA APdE 9 A8 A
oF T AP S54RI S EATHSE]

nc N ST mlm

B 0

e 0.953 % (triglycerides)+0,139 x BMI+0,718 x (GGT)+0.053
FLI = ("% Log, Log,
X (waist clrwmference)715,745) / (1 + 60'953 X Loge(trlglycemdes)

+0.139xBMI +0.718% T | og (GGT)+0.053 % (waist circumference)—15. 7/15)
e

x 100

3) Lipid accumulation product (LAP)

LAPE= FLIE 110 22 AtAlEol| ofs) At
o g A e S99 triglyceridesE o]-&-3F vf
Holt}, o5 10g WHakshA = o9 log S7F Alutck
7F A5e] Y@ =rt 4,288 F7kstA 6], o
W2 ulg- Zhdsirke o] glon ofF] ohE
Aol ogt HE Aol o]Fo R A gkt

LAP = (waist circumference — 65)
X triglycerides if men,
(waist circumference — 58)
X triglycerides if women

4) NAFLD liver fat score

NAFLD liver fat score= magnetic resonance
spectroscopy (MRS)E #& Aoz 3t w50
A wiom, i 320§, A28 el &
R, FEA @A Q4. AST, AST/ALT u]E o]-§5}
), 95%2] oA H1E=et EOlEE Bl

NAFLD Liver Fat Score =
—2.89 + 1,18 X (metabolic syndrome — yes =1
/1no=0)+ 0.45 X (type 2 DM — yes =1/ no
=0) + 0,15 x (fasting serum insulin, mU/L)
+0.04 x (AST, IU/L) — 0.94 x (AST/ALT)

1) 221} (Ultrasonography, US)

USE 7F AE A9 s 94 @A Aes

7] A2k A QA AR, 7o) Agska gzt g
2] Bslo] qlrks el 9la, 7F AE At o
g | QIEe} Sole= Zh7h 6O~94%9—} 66~97%°]ch
[8-10]. et AFe] AF Aeel fE Pews
whS stk 10090 AR Zhol4] BolAE Haow &
AolA 2ATH o= W]:‘ELH Ak FheFo] 10% n
9l 79 USe ol& Axlsl | 4= figlem, hA2 Y
A gheFol 10~ 19% 20~29%°l Ao 7¥7} 5599}
72%9] TS Zetel d 4 QLTI

Us 2d3= EHO] AAARe] F=32H4 sitho|| o)&5)Y|

L] o]& Hrh Ao g Gristr] 913t mgo] 7|
oA ¢t o] 7}H hepato—renal index
contrasti= 7.0 dB oY wf 7+ AH5-2] Zcke] chs)
ZY7F 91%L}F 84%2) o=} EoleE HPTHI2] E
of2 ¥ 9l ultrasonographic fatty liver indicator
(US-FLD+= ot 22 7|28 AEEH13]. a)
brighter liver than kidney, whose intensity in
contrast can be graded as mild/moderate (2
points) or severe (3 points). b) one extra point
for each of the following: i, posterior attenuation
of ultrasound beam, ii. vessel blurring, iii.
difficult visualization of the gallbladder wall, iv,
difficult visualization of the diaphragm, v, areas
of focal sparing. ©] W o= 24 ool 7+ A|w
9 TAE AASHL, 44 ol4fol NASHO EAE
AlAFgETE,

ady USe 7+ A9 ek glof off gtA|17}
et A5 AHFol deiA= PPV7E 67%C) E2tst
w[14], HARRE 2ol ZLe)al FUe HARRLY] Aol
AFo EAeL 5= HA EHAE Elvk
(15]. 2] A vukabe] -9 A3 Ahe] ofvle
o B0k 43 %10111*1 27k 50%2} 75%0) U]i]
A ZektH16], w3, 1F A, AL B, e
o A 2o oJsff 7449 21}7} %“23?1 - ‘RlE}.

2) AARS} Tk 29 (Computed tomography, CT)
CT= 7t A5 Aol lolA USet v=3k F2hyg
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EA7 1 AFo R @1E ThsA, 1 A ekl
o|3t 7+ Al o 7kl }5:4 we}, gHA7E 24y o
Zoluf 74 Az ‘é ) kol EZ87F Eo] AA Stk
o AR sl AA o]go] wie- AgHA o},

3) A71 &
MRI)
MRIE %) 7+ 45 Aol glo} uswet $-

St 3%2] 1 ASIIA AAZ 4= AEH20], MRI’:

B 2P| A AT T F Kol 5 o] g3}

of Age) vleS AFekiti14]. HTole A=

T/ Aol EAIS: acyl-7|ZHE | P ASTE

A7 24k MRS7} 7 AHES SUES Jge

Aesta Aaksisict, 7k S 53 AWEe] A

TAE EH, AUROC 0.95-0.97, 9% 92~100%,

Eo]z 92~97%0]tH21], SHAIWE o] = ’H 7he] Rtk

A EdAE 2009 1 A oA tEd S Qo

MRSE A7 22mrt "4 o 2 2ujo) 7+ 97ie)

7] wjEo] ®& A7} Hr}, 1ela MRSE HIA

9] 24 2ukS 7HA|5l= ) vg)] 7F AHe AHF A

& peta ol xS 48 Hasiels Aol

Fe 24 diaol thar), ofgel MRSE

qstH o Bhol 7Pss A £XE WEI| s B

&) T4 A= sk Ak W] miZe] <

2 A Aztech v AWstoh17], shAw MRS7H
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A 4H(Magnetic resonance imaging,

NéFﬁ

o] Agol glolA S tAlske &
2 gl @FUA T HGotE

o
% glow], vlgo] uirjstn Au]e] Mol

4) Aol 74| w7 ¥<4(Controlled attenuation
parameter, CAP)

CAP+= AHo] 25ute] HAutel] J3Fs 712]= de
£ o]&3}9] transient elastography probe
(Fibroscan®)ollA] @ojA= AT E 7F AP35 2
of H=gt HJH*OlE} 1 A3= 100~400 dB/m=Z
AHCE Sasso 52 CAPE o]g3lo] 11599 A5

& SR or AT A1 10%2} 33% ol49] 1+ A%
Zo] ztho] s AUROCE Z}z} 0,913} 0,952 $-<
shA| BastcH22], ESH CAP X&= 7 AR-3ho 4
3 G W] Ukh CAP HAR= AR o] ¢l
3, Aol 7hHs, 34 sj4o] oy 7] wiie] 7

A} ol o] ) gbehz o] glow] 2k o] ule)
1008 ©]4Fe] %28 H7457) whie] HE 0xp7) 2
o}, SEAIR Hlgke ARl A 240 Alsfa 4= ik

2. H|ZFsN X|HH7FHE(Non—alcoholic steatohepatitis,
NASH)2| ZIct

Aminotransferase Z]+= AUROC 0.6~0.7 Ax=&
NASH ZIetol| Hghe7} vl E}[23725] 7NEAE
19 TU/LE @31 duiss 70%7H4] &8 4= 9ot
Eo|m=r}t dA3] Wolrh26,27]. wetal 7+ x|HHEo]
¢l aminotransferasex|7} A5Eo] Q&= F9
NASHO] HE =7} #o1A]7|+= 3l aminotransferase
A7} AAfolgtal sto] NASHE HiAlE 4 &= A
o th28].

Alkhouri 58 &2/ H]g0] NASHO] o=
of o] "kl 3ol T unit $7F Al NASH
9] gk&o] 70%4 sttt 29].

USE o]&3to] NASHE Hdtdl= HHE2 tife
AUROC 0.8 oJsle] AExZE Ho] F9r} US-FLI
4= 94%2] NPVE NASHE HiA|E 4= A IcH13].
HEo] A7 116 mmE 7|FC 2 39S ul NASH #
thof] 3t AUROCE 0,920, SlIWI= 88%, Sol%= 95%
2 BIEQrH30], o] Qo= CT 4 AxHHoZ 1
gt v AA[31], 29A T 22T7H32] 5ol
NASH o] Alrex]o] gFoit op2|7hx] 4 e

2 NASHE] Zcholli= A& =7t gojxict,

e 3 FAES o] &8 AlEsE S5k o]
Fojza ltlk, Adiponectin[33—36], tumor
necrosis factor—alpha (TNF—c), interleukin—6
(IL-6)[34,35,37—40], CC—chemokine ligand—2
(CCL2)[41,42]¢} 22 Ato|E7Ile] gt A4 AyE
o] HAEGlOoL} ofa] QoA 9] 7HA= UFEA] Lot
Act, F47] @A Z highly sensitive C—reactive
protein (CRP)[42—45]3} pentraxin—3[46] SA] Tk
£eig ATHE 97 Eolect Ash AR AL NASH
9] welof HoistaL glom 7y X2 HAslr}t S s
7= SO 4T] EA 4kst AEYA FAA} FE=
I FEet At JATE §ldct

Keratin 18 (CK18) £22 ZHA:Z APEO] ZX|RF2
LA 1071 o)l dA+tet 1,000% ol4de] At
rtol A ASH EAARE T FAARA= IF A
S NASHE 2ok 7 £2 sx]2po]t}23,48],
gt HEHEA42 AUROC 0.82, oWl% 78%, o=
867 W5t th[48], Al A FEXAQ]I F
CKI18 E3F NASH Ztte] qlojA CK18 &&utE9] &
o Ars Bt o] 9o|% homocysteine[49],
serum prolidase enzyme activity (SPEA)[26],
soluble receptor for advanced glycation end
products (SRAGE)[50] 5= &15L =o]|t},



NASH®] Zthe 9fsf tha B33 mdo] qighy|7]
% 3}t Dixon & HAIR score (hypertension,
ALT %7}, insulin resistance)& A5l oy o=
NASHO| Zdte]] A7l wotoyt ¥A Hvid=S
o R shglar oA Qi HF Ax7L o]Fojx]A] ¢k
QfthH51]. Palekar 52 1o, A, M7t hyaluronic
acid, AST @ AST/ALT H|2] 23-& 0|83t Palekar’
s scores Aokel v} QIth[52]. SteatoTestE W=
Poynard 52 1370¢] wj7ff =& o]&3te] F7)= A
&2 =219l NashTestE TEsI¥ oM o]= Eo|=7}
94%0°l| o]EF o} AWlE= 33%°] EsEITH53].
o] @Jol:= NASH Diagnostics (Undisclosed formula:
cleaved/total CK18 (M30 and M65 antigens),
adiponectin, resistin)[54], Apoptosis Panel (CK18
fragments, soluble Fas, Fas ligand)[55], Nice
model (—5.654 + 3.780e % x ALT (IU/L) +
2.215e% x CK 18 fragments (IU/L) + 1.825 X
(metabolic syndrome: yes = 1, no = 0),
Logarithmic transformation = 1/ [1 + Exp (—Nice
ModeD)])[56] &©] 27H=] AT,

o] Qe Ztuqle] A A ol&Eol wil AY =
HHOo 2 AETE P4501A29) 9J3)] thrlr) o]Foizl
o= A o83kl C—71H9l &7] HARE )5 B
7ke] MG TR o] g7 E St o] AARY
2 NASH®F A543t zdel digh =7t S-shict
[57,58].

upxjuko g ¥mTe—phytatel} " Te—HIBIE ©|-&3t
7t Al e u) e NASHO| zldtol] Al¥ v 9l=d],
AR /01 A3 vlEs Tl 3 Az 25t 4
++ 2A8-2[59], A= /A A HER nEEE
2ot 75 Aol & H skt 60].

3. Zh deetel T

1 83 HA

Aminotransferases & 7F A-F317F Z&dsie2t=e
7 Agolut gl TAEH I A7) Fasty] uf
2ol b Aske] gkl aohA] o] =A| X3t
[61]. E3F (PSS E7Fste] A Ee] o
At AA} aminotransferases A& UERH 4= 3l
[62]. o]Ert= 23|28 AST/ALT Bl&o] ¢ 7}x]7} 9l
olA Wdl = AST/ALT H|7} 1 o]Afod Ayd
A3 d&ARYUE W8l 7] sH3ITh63,64].
GGTE 0|83t &5F& Ao X% 96.6 TU/LY] 7]EA]
= HgaldS o 22 SNl 83%, E°l® 69%2 A
@S B eloH65],
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gt Alze] 714 Aol 1t AREke] ke Qg
=2 o] RZE°|t}, Hyaluronic acid (HA)+= =}
A o] Ex1E off AJato] Frtst XsYH 7S]
Al FReF e Wy 7] Folrb EAstdE 1 AlA
Yo A WY Aqi ATES HAQ X3d
7H6-31 Aetko] gjgt AUROCE 0.75-0,972 H.i1s}
SrH52,66—-68]. IVy =2kl 7S domain= HAS}
AR ATLE B 1319 0 1[67,69], pentraxin—3E 9]
&5 date BalEloh46].

2) A3t 2y

7 AR3EE dlSstr] gt 9 Bl A8 A
glof] defiMs 2 ALEE BAA AulsiAd &
59 Afstel dieiA= 12 A skt

Ratziu 5©] 11¢Hst BAAT d4E= o9, BMI, 54
AW 9 ALTE S HHO R oRles =4 JAT
100%9] Eol=5 HTH170].

4 2 AR3E A 1Fo] ARk ELF dae= A
%, HA, amino—terminal propeptide of type III
collagen, tissue inhibitor of metalloproteinases
(TIMP—-1)& #33t 9 o2 NASHoA AdE -4
f3tol thsll AUROC 0.87¢] £ g Hof 3]
oh g, 27] 9 S SIS RSl dialAl= A
A Yozt ST

FibroTest™= 4o°|, a2—macroglobulin, bilirubin,
GGT, apolipoprotein Al £ v/ 40|tk
[72]. Aol vlolgiadd HaE fis 7= ARk
olF Ao R BE UM, S Hase) Wkl
s AUROC 0.75-0.86 9 =3+ Sol=& H it
SHARE BSi S5 A3 ESHA Fokint

NAFLD fibrosis score:= 7P A7t7} wol = md
2 13709 AFteA] 3,000 o]/de] FAtEA HE
| TH48], olAe A, glycemia, BMI, 44|,
ARl 9 AST/ALT HE27Y 4hEEm A3gd A5
sto ol Fet AA A g Wk,

o] o= BARD (BMI, AST/ALT 4|, DMQ] &A)[73],
FIB—4 (91, aminotransferases, @4%X])[74,75],
Fibrometer (=%, 4ATX], aminotransferases,
ferritin, A5, ¢1%)[76], NAFLD Diagnostic Panel
(DM, &4 A", TIMP-1, AST)[77] 5°] 7+ 43}
S sl 1ok Hmdso|nt

3) 7 A% 24

Transient elastography (Fibroscan®):= pulse—
echo 2515 o]&3f 7H9] AEE S4 = Wiloltt,
ol WM CH HolA HfskE B7tske dlel 94
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gk S Kol 901 NAFLDe| tfsiAl= HlE
Rt Ferl 9ojAX|RE GA] 783 Ao o
ARTH78]. Transient elastographys ©]&3F A
NAFLDo|A ¢ s Aw By 6749 Uil At
oA 7t AE 1 ARETT AFEeE SR o
Folgt A3t daE A3 P RFelA AUROC
= 247 0.876, 0.914, 0.997¢1ATHT79]. AU EES
HiA8L7] €15 NPV 100%41t}, Fibroscan® 0|8
gk A ditE Aqte ZgAet FarollA Al E T
SHA] ATt} FARSE A AEAdE Helow A9
cut—off 2= FJ3t HA53t, APd H53} ST
oA 27+ 7.0 kPa, 8.7 kPa, 10.3 kPa®]21t}80]. ©]
S Fapyol dE Ik 5 oy tE F IFolAl
AsH 2= FAferATH81-83]. sHAIYE Fibroscan®
2 H|9eE 49, B 571 Afo] (HHo] £& uf &7
| Ao = 9lom, 94 e, ' AA 2 &Y
Jefoll Al HE7F AA R =4 S = A 4= ot
Acoustic radiation force impulse (ARFI)

l

2

sonoelastography+ short duration acoustic pulse
B 2AZ EH o8 A5sks 78S ]85t 7]E
o] US Al&aHo] FFsto] AHEE 4= QiTh[84].
NAFLDE Z@3 94 7H83 SEolA 2483tae
o ZF el diste] Fibroscan®dh fARE e
Aot s HSIoH85].

Real—time elastography~ elastographyS 7|&
o] US A7yo HE3t whier B—wE US 7|AS
AHgSte] 2218 A A Aes AAgEeR Mog &
At} 1812 NAFLD ALEA 48519 uf
Af3tell Hieh Aekd Aote= 2E ThAlofA 82.6—
96.0%% tH86].

MR elastography+= 7F A& H7He 4= Qo= &
Aol Qltt, NAFLDE 233t v 7H4% 252 o
Aoz sl uf 2,93 kPa®l cut—off e A-83t &

chofl thaf 98%2] A=t 99%2] Sol=E EHrH8T].
ol UL AS. $55. 3o A e &t
= dolz £2 FgrE 2Bt Fibroscan®#Ho] ]
a a5 W AHA Jere o 955t
ol 28 AIRH2 883t A
A

7t M7
1. 2ol &, B

7+ A2 NAFLD gA-Eof 4] NASHS| Aehst gt
I o2 Aygyte] 7 Ak olE o= X7 53 3

71 §igt 7P 2 Welot, 18y NAFLD 3E
o] fIRES Aok T AW IS A= I A
Aol "oz gkow F A 4HkE 4= 9l T
EE e, 18E, HARR 7o dl4 xpe], g
NASH= xletdch slrjgte Agsad wy o]elo
JHE 2E A =2Ho] gltk= Hol Ag
I 9tk 2Eske] dubdo® 7 AHS e
et Al EE Ao Aldstes Paskal
[88].

ol

ey

N 10

fru

>

¥O N
oo e K

) B2 93}

7+ A A A 7 2L B AA 7 Faje
1/50,000 7Fgez 2 a7t ST o qloh, #£2
LAE WAsH] alAe SRS Fo 24 AF st
= Ao] WeHolm, 7153k 3 2> A & AR5}
o][89] #4gt 15~16 mm ©]4e] Zo|& F | o)A}
oA A& AFH = Aol vhErAstH90,91]. Ratziu
59 Bao] st 519 2] NAFLD ¥Afef A & 79
AoA 7t B 2AS vask s wf AR vl o
A Q= AE AT ARE dA= A%l A 2
o5 HYtH92]. 3t A XA o)A bridging fibrosis
7} e A1) 35%0l| A= thE A3 A of|A 2.4
ZAulgt ARE BREAY 52 o] {3t
x| kot NASHE| xldte] H4= 33521 ballooning
degeneration®] A% x50 18%0)| A T %27 7F
of EUXE B gref g4 2o g ol Ant Ao
A zdo] =S 73S AlAbekgle g '
JLof|A= o] 7F FHolA AW E o eApe] oF
30%0ll A gt T ool A zolE How
[93], A% Hzh} dfstict 95 Arof digh wgo]
YA 5= A-9-7T RIRISFATHO4].

2) AARA 7E, 2] A 22 AAR ol A 9] Zek B

AAAF Ato], 18]al e HARP A & K eho] &<
23 AAl E3F NAFLDO] %22)8H4 Zthe] A7)
EAloIt}, Younossi 59 ®iro] 2w M3k« = 0.
2 H53Hk = 0.60) ek HARRE 7hol vjwz o
A&o] oY AS W Hrhe dAlgo] Wokthx
=0.33)[95].

&l

3) &%
7 A7 Ao BEFer B0l Wt 20% AR
2 maEgon Aujg 27 xgecE 1 uE

7 A% FUHRIh WA FHEI AR Ay



T 0.3~0. 57%9} 0.01%= X 11=9t}H96-98].
HZ upEo 2o]7] YAE AE we AR

= S b

=
250 ‘3}01]*1 Al A& A7H99,100].

o (T

NASH®] M& 22l x248H4] 542 fat deposition
in hepatocytes, inflammatory cell (neutrophil and
lymphocyte) infiltration in lobules, ballooning
degeneration of hepatocytes, Mallory—Denk
bodies, pericellular fibrosis, sinusoidal fibrosis,
giant mitochondria, eosinophilic necrosis, iron
deposition Solth(Fig. 1). 2&ut 3 oA o] &
5o B BEEE AL = Eu NASH Ao 95t
THE Aot 7% e oA 7R = uheE o] QIA] okt

o] & A M A7NskAE, Matteoni =
2 Ut Zo] 4714 §¥ L& NAFLDE E75H3ith
[101]. Type 1, fat deposition alone; type 2, fat
deposition and inflammatory cell infiltration in
the parenchyma; type 3, fat deposition and
ballooning degeneration of hepatocytes; and type
4, type 3 criteria plus Mallory—Denk bodies or
fibrosis, 152 oF 89| 4 ¥z 77t 5k 7H4g
e APEE©] type 13+ 2004 = 1.7%°] E1}5F BHA,
type 3, 49lA= %2 F71ske A& Bsisith 1
gJsto] o] 52 o & ZHol|A] type 3, 45 NASHZE 71
3 A5 Ajbskaict

Fig. 1.

Microscopic finding of nonalcoholic steatohepatitis.
There are macrovesicular fatty change, ballooning
degeneration of hepatocytes, and focal hepatocyte

necrosis with inflammatory cell infiltration (H&E,
X 400).
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Nonalcoholic Steatohepatitis Clinical Research
Network (NASH-CRN)o©| Zﬂ?ﬁﬂ NAS scoring
system2 A% H3H0-34), F5(0-34), A2
A MAA0-21)E 7IeeR 0}04 57 o]l A%
NASH=, 27 o]3}Q] -9 non—NASH=Z, 11 Afo] Zk
2 AARE JAdskeicH102]. NASH-CRN Ala} 7]1}
o S NAS f24 Aol AR APAES
o] oul=7} Wojxthal slo] 4% o] X—]lﬂ-o]—]:]—‘“l Ak
3l7) % SF9ITH103], NASE A& o] Hojua
o] AR o Aol 4ol ot o
4 Ao A7 ANE B o f-gsl a8
U NASE A wiel 9 @5 s Hastr o
ol 429 “burned out” NASHY] 7= zdo] &
7hssict, 18]l Foll= Matteoni®] #&F A|AZE
NASHT} NASHO| dh & o&& ¢ 2 vt
At A7) HAE7| = §16][104] NAS= NASHO| %
© EFRARTE g A0S HYchE =92 7t
A2 Q1w gt}

Younossi 5o 93l AHE NASHS| AHE-g A ol=
(1) any degree of steatosis along with
centrilobular ballooning and/or Mallory—Denk
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