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Q o E oIk gRIZEILS d&3 dig BEAREA Zu SFERY HolaA(gamma glutamyl transferase
GGNY 784 B7otaat stqict. 2041 ol49] HlgtslA] o2 343 7,15582 AFHAR sttt Ass2 A
7182 NCEP-ATP III (National Cholesterol Education Program - Third Adult Treatment Panel) 7|&& %
|5ttt GGTol W thAeE T AP = EAAE IHRALS H8o1%om, GGTY S AE A5
gg 3H1517] Y8 ROC (receiver operating characteristic) Z4& F3tth. A8y} AR5 FH3H4 GGT
AR ARGl A tiAtg S o] 7.098] =A YERHTHp<0.001). xS ATt ?—]5} GGT9
4ol A (area under the curve)2 0.7158.2.H, GGTS A cut-off value)2 40.0 U/L, WZEE 65.0%,
Eolk 70.2%% Yl WA GGTe AT Adshy] gk f-83 g Ax2 P

FHo] : 7 54, fdup SFEHD Fojad, fiE] AR, SRR, D3 184

Abstract This study was to evaluate the usefulness of gamma glutamyl transferase (GGT) as a surrogate
marker predicting metabolic syndrome. 7,155 non obese men over the age of 20 were studied as subjects.
The criteria for diagnosing MetS were the National Cholesterol Education Program - Third Adult
Treatment Panel (NCEP-ATP 1II). The risk of developing MetS according to GGT was conducted logistic
regression analysis, and the ROC (receiver operating characteristic) curve was obtained to confirm GGT
ability to predict the risk of MetS. Regardless of age and body mass index, MetS had a 7.09 times higher
risk of onset in the fourth quartile than in the first quartile of GGT (p<0.001). The AUC (area under the
curve) of GGT for the diagnosis of MetS was 0.715, and the cutoff value of GGT was 40.0 U/L, the
sensitivity was 65.0%, and the specificity was 70.2%. Therefore, GGT is considered to be a useful
diagnostic index for diagnosing MetS.
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ASAEF Aoxidative stress)o]l Higt AjxEElo] 28
o 7]oJsk= 7+ ZAOITH1]. GGT &4 7= F4tst
A B3 ARIAE A F7HE GH|gtH1]. AEH L
E GGT& e A% 9 7=t dF-E H3fo gt
ARE QA2 E]o] 2] et HEe] Fetdto] w
2 GGTe A4S 18k Al 28 G 2 of
}\}.__,_:,L_\,} e Alxh:ﬁj\]- zlg]._b} \:ﬂx-lc‘)l- oilj_}/\éo] g}-
HA3, 4. 53] GCT= WA HEF 18
o} ABA BAW = A7 @ APAAs0| 9]
ok AR BRo] Q‘_L HIEH1]. AYAFoA=
H]u]—yjrei QAFSol9] dQloZ ARIAEFH AL THA]
Zo| Tolgtttar AAE=H[5, 6], GGT A5 [t

/\é Aegd HA¥9Z(chronic low-grade systemic
inflammation)¥} AFSIAEH AL wj7/f2A AR
AR 1R E 4= dokar AT

QAT B, 1EEE, ISHANES 11
¢ @2 IUEAH(high density lipoprotein,
HDD) EAEEE59] 5714 45 AZ4dE 93aql
o #HEYCE A 28 B E AETASTT B
o] ItH8-11]. o]t 22 5717 7|24Q ARSI
A 8Ql o= FE 7HA] B A 8Rlo] ARG
T o] iohal A Qirk 1 ohE AEacd]
OS2 T A% ARIAE A AdeHARA, A%t
% ofr]27ll(adipokine) FA|7F ZHETH12-15].
A QAR CE aee THES S7H6HL Slof &
710 RS ST Astr] 91t EH 7|9ke] AYs}st
A ARE A AL7F 2P E| o] grH16]. ot 2y
Bl(adiponectin), HE(eptin), SFIHACIR-LT}t
(tumor necrosis factor-¢, TNF-@)2} Z-2 AR E
=9 F8A0E EF5ta AHstHA HA SAT 5
U= AR Aol QFHI UTH1T]. AT
Hrgshs AAA AR F GGT H]% TE20]
U

9EUE oz o BEATI GOTO AAE
52 9999 @ AeAAFHA Anyol nu
Sovi(19], hAFFEZe] Yt F4 AAIA GGT
7 3 WAYelE BTk GASFE 9D FHek
Belo] Slekn BaEek20). ol ATelA GGTe 4
HIY, TAY L Fugn 2L O IPYY
B4l dEHGon, GOTE hAEHEE o2t
L) 988 A0 UehteHl, 3, 4, 19, 201, Teint

ojgfgt A2 ARSI AT = dlSsk= GGTY
A AdgHcut-off value)yS AAISHA T35t O]Q‘
ESH HRE e ARY E ARSI WS
Ho] 9Jom[21, 22], o= H|LIESA X]HH

L rl.% r:i

(non-alcoholic fatty liver disease, NAFLD)°.2 &
= 7He] =t AEAS fdete] €4 GGT A
SO = o]ojztH23]. 53] H|FHHA] gk 9ok H|
YA AT Ago] EEA] A HA5k= AR
HITETH24]. o]0 & Aol HRtehA] o A9l e

‘3 WdoE ST GGTY Tl Yot of
ASZTZ AIESKe tie] #AREA GGTY 1873 w71t
A 519k AST (aspartate aminotransferase), ALT
(alanine aminotransferase)s X35t thE 7H 94 &
T ARSEE 2 B A3 99 F71e Aol
Aot EuET25]. kA GGTY 584 H7lst
7] $1sf AST9} ALTS] tARSS oIS Heeet v
sto] ksl

2.1 QICHy
B o7 A% A W SRS A A
20184 1958 20209 6¥7HA9] AR ARE
F8stdet. A7t BY 7R EA, CF 1

AR, BTLY 1WA, WA, Y 5
FUY 7 2BAE Asgon, AFEY F2e
A5 g 204 oSl WA g g

7,155 -45 @?WAJZ}E Hﬂo}oﬂq 37)(71 L
A AR 7] OV\]O} EH oocl: X]Od—f] 7]-£°" w2}
AAFA S (body mass index, BMI) >25.0 kg/m?
ol Hlgto g dAsto] thitRtol|lA A SHATH20].
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T B 5& Heke] il Aol Al Zul 7H
off 1At Y] Tt & AANCEESY SR

12 E42 0.1cm7HA 243519k YL 208 o4}
F4& F3 $ HBP-9020 (OMRON, Kyoto, Japan)
s BAEHAZ SHskAch
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2.2.2 SAHSIE A F IMSEE H2

GAHALE flsf 8AITE ol SE/AHIONA obell
AES A5t e, Hitachi 7600 (Hitachi, Tokyo,
Japan) A5 ASPHEAV|R S AHE, SEAE,
HDL-SH2H & A ‘E‘:_‘EX] ‘%l"iﬂ (low density
lipoprotein, LDL)-ZHAEE, 3E58Y, I otEd,
S F41, AST, ALT, GGTE =43ttt GGT=
Glutamyl-3-carboxy-4-nitroanilideE 7|14 & &%
Sttt ESH Qle¥2 Roche Modular Analytics
E170 (Roche, Mannheim, Germany)°.2 Z735}%
ot AR NCEP-ATP III  (National
Cholesterol Education Program - Third Adult
Treatment Panel) X AoA] AA|St= 7]1&0f w2t
S7THA @& F 37HA ol shtste AR el
tH271. 57HA 52 ot doh @ E7HE 59
8 290 cm @ AFAHAFES 2150 mg/dL ®
22 HDL-SYAHIEES: (40 mg/dL @ 18T &
EE} >100 mg/dL ® 18 >130/85 mmHg 91
5ol

2.3 SHEM

& AFAIAE GGTY AR flseoll what 257310
A&y 92 s B4 @]lshrl s
dHFES(one way-ANOVAYS AAJstgloH,
e £ EFUAR AASHICL ‘Q?JEH%T‘-‘?—&MW
AJol7t i AL ATEMS AXFYon, AL
B4 B0 594 44 WES] ScheffedE
A 83kt GGT A9 2 dasss 9 1
T840 FHES Hlisty] s 7HolAlEA % (Chi
square test)S AAEHYLh EdF GGTE A4
o] S&Hpo] JF2 F= AZT APIATE
BR% F EXAEH q;q-gx_—}% A 3y3hgl.0

ARS8 wA](odds ratio, OR)QF 95%
AZ 7 confidence interval, CI)& T35tk
gAEEEe] fE EAREA  GGTY 9AHE

L o o [‘E

8485 W7kl sl operating
characteristic (ROC) Z41& &831%1.2H, Youden's
index7} Z[HiQl A= 24 Adglo = webelgich &
A19] L E A7 EHL MedCalc Statistical Software
19.0.3 (MedCalc Software, Mariakerke, Belgium)©°.=2
Algstgion, BAA FoEE patol 0.05 HRHE of
BAFCE [Fo3k A o=E Prisigitt
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3.1 GGT At
A Hlw
GGT Aol w2 QA& 2 Asists] EA2
Table 19 AAISIATE AHFS 1*}-‘?—%-’?—&@ 2, 3,
ARSI M EQtoH | 4ARYSE AR SHTE
ETHp<0.001). xﬂé_‘%XlT(p:o.ooDQ} s Ed
(p0.001)= 1ARESISETE 2, 3, 4ARESISolA
E%on, 3A}THT9} A= 2*?-‘%%%&%
EI AR E AREASEY B3t 5719
o] eé?lc IAHEeE 24 YR
ARt 4ARERIGOlA Eoom, 4*?“%’4“
ARG HT =9htHZH: p<0.001). SEH2EHE
F4A%, AST, ALT, GGT: fﬂTﬂ %%4—%
vlgele] 37T ZZE p<0.001). HDL-ZFEAHIES
4ARESFrolA 2&—‘#’4#9} AR} =9k M (p=0.002),
LDL-ZHAHE2 AR 2, 3, 4AHE9iaollA
B AR AAESReE 2AMRSISET
EUTHPC0.001). BEITFL 1AEHSEHS 2, 3,
AAHREROIA koW, 4AESSE 249t
ARG H T EJTHp<0.001). I&ETLS [ARESG=HL}
AR 4AREIGOIA EoT, 4ARRSIE
2ARESSET A UBRATHp<0.001). ot
ARSI ETE AAHESOlA Rk om(p=0.024),
SUFRI2 Hgt Zo|7t gle. AT} 1
q./ﬂg__,_ Fil_u]u]- Fk= cg’ _,_FHX]HR‘%% _Tr_czh:l-o
4A}THMW 7HE e Y HInE HYow (7
p<0.001), %2 HDL-FHAHEEFL 3AHEAG0IA
7H =8 ¥eE HAtKp=0.027).
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Table 1. Anthropometric and biochemical characteristics of study subjects according to GGT quartile

Variables Q1 (N=1,558) Q2 (N=2,016) Q3 (N=1,757) Q4 (N=1,824) p value
Age (years) 43.27£12.36 45.19+£11.92° 46.01£10.82° 47.06£10.17%® <0.001
Body mass index (kg/m?) 21.8641.73 22.25+1.61° 22524154 22.67+1.46%° 0.001
Waist circumference (cm) 76.74+5.43 78.3045.29° 79.535.33% 80.6215.34%° 0.001
Systolic BP (mmHg) 108.20£11.42 109.12£11.98 110.32+12.39% 113.12+13.23%° <0.001
Diastolic BP (mmHg) 69.56+8.83 70.17+8.96 71.05+9.55% 73.28+9.97%° <0.001
Total cholesterol (mg/dL) 178.34£28.57 188.59+30.18° 195.68+32.88% 200.31+34.20%° <0.001
Triglyceride (mg/dL) 88.15+43.39 109.95+60.31° 127.23+75.84% 159.60+105.05%° <0.001
HDL-cholesterol (mg/dL) 55.26+11.58 54.49+12.24 54.41+£12.68 55.78+13.27% 0.002
LDL-cholesterol (mg/dL) 109.36+25.94 117.33427.35%° 122.25+30.36% 121.46+31.18% <0.001
Glucose (mg/dL) 85.563+14.85 88.41+17.03° 89.75£19.26" 95.40423.92°% <0.001
Insulin (WU/mL) 3.22£1.78 3.69+2.15 4.15£2.41° 4.36+2.63% <0.001
Creatinine (mg/dL) 1.16+0.14 1.17£0.40 1.16£0.14 1.1520.14° 0.024
Total bilirubin (mg/dL) 1.14£0.45 1.13+0.43 1.13+0.49 1.11+0.42 0.235
AST (U/L) 22.30+8.52 24.19+10.89° 25.87+8.84%° 33.97422.05°* <0.001
ALT (U/L) 17.46+8.46 21.22+10.21° 25.24+12 .99 36.19126.99° <0.001
GGT (U/L) 16.02+2.37 23.64+2.54° 35.13+4 49" 96.3893.39°* <0.001
Metabolic syndrome$ 11(0.7) 37(1.8) 35(2.0) 117(6.4) <0.001
High waist circumference® 15(1.0) 28(1.4) 44(2.5) 67(3.7) <0.001
High BP® 123(7.9) 195(9.7) 218(12.4) 321(17.6) <0.001
High triglyceride® 138(8.9) 373(18.5) 482(27.4) 762(41.8) <0.001
High glucose® 85(5.5) 210(10.4) 218(12.4) 415(22.8) <0.001
Low HDL-cholesterol® 108(6.9) 179(8.9) 171(9.7) 147(8.1) 0.027

" Data are presented as mean * SD.

2 §; Data are presented as number (%).

9 Abbreviations: BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; AST, aspartate

aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyl transferase.
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3.2 GGT ArZ?le0l ME HASST & HMSS
T TEQA0| W QFT

GGTE A= el diAssE
AT 840 T AEEE I ke
Table 29} At HASHA k2 ¢ dASHL,
134T, 1¥FL R FHAFE VIee=
AT w255 I Aol HEstel Sk
B3 BRH TERL AR 3ARE St
AAREAeOlM . fidol wA dEpden, W2
HDL-S#AHERSS AREFleET ZA}THT%
AR w2 T H9E UEHH 4%
A% & oesant ISAANESE et
w255 T Hdel UKL ETHIHPF}
TEFZ IAREFKRESE 3AREAE ARl w2
Y REE Hglow, W2 PHDL-%?%]&H]%@%%

¢

a, significantly different from the Q2; b, significantly different from Q3; c, significantly different from Q4.

AR SRR} 3*?-‘#’44#1*1 Hy QIsdo] Eoucth A
AL eE e & diSIE -T’—F"é;qoé‘a L
TGS E—Hﬁ} EEFE HEel] WY 3ol
7RIt ST AR 4ARESIGolA
dhgodo]l 7008 A 50 (p<0.001),
IFPAIESS 638H(p<0.001), TEFS 4474
HPEQIRl0] EHp<0.001). ERE ERHITRS. JARERE T}
4RO W QIEErE 2418 =9kom(p<0.09),
TEGL AR ARl 1.448H(p<0.09),
4ROl 2.008) =2 9 IFEE HATHp<0.001).
L C IS T e S L
IFAES 2 T A ARl
Fo6lA GGT ARt okl wet i $jo]
Hlsle] S7leke Ao& Yehdth
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Table 2. Risk of developing MetS and MetS components according to GGT quartile

MetS and MetS components

GGT (U/L)

Q1

Q2

Q3

Q4

QOdds ratio (95% confidence interval)

Model 1

Model 2

Model 3

Metabolic syndrome

High waist circumference
High BP

High triglyceride

High glucose

Low HDL-cholesterol
Metabolic syndrome

High waist circumference
High BP

High triglyceride

High glucose

Low HDL-cholesterol
Metabolic syndrome

High waist circumference
High BP

High triglyceride

High glucose

Low HDL-cholesterol

2.629 (1.337-5.171)"
1.449 (0.771-2.722)
1.249 (0.987-1.582)

2.336 (1.898-2.876)"
2.015 (1.652-2.616)"

1.308 (1.020-1.677)
2446 (1.240-4.827)"
1.3563 (0.718-2.546

)
1.164 (0.915-1.482)

2.326 (1.889-2.864)"

1.922 (1.468-2.516)
1.277 (0.996-1.638)
2.166 (1.095-4.286)"
1.111 (0.586-2.104

)
1.121 (0.880~1.427)

2.167 (1.757-2.672)"
1.833 (1.399-2.403)"

1.167 (0.907-1.500)

2.858 (1.447-5.648)"
2.642 (1.465-4.767)"
1.653 (1.310-2.085)"
3.890 (3.173-4.769)"
2.455 (1.892-3.186)"
1.448 (1.126-1.861)"
2.677 (1.351-5.304)"
2.464 (1.363-4.452)"
1.535 (1.211-1.946)"
3.867 (3.153-4.743)"
2.351 (1.797-3.075)
1.401 (1.089-1.802)
2.179 (1.095-4.334)"
1.774 (0.975-3.229)
1.440 (1.134-1.828)
3.429 (2.790-4.213)"
2.170 (1.656-2.844)"
1.199 (0.929-1.548)

9.639 (5.175-17.953)"
3.923 (2.232-6.895)"
2.492 (1.999-3.105)"
7.383 (6.057-9.000)"
5.104 (3.997-6.518)"
1.177 (0.909-1.523)
8.939 (4.784-16.703)"
3.557 (2.020-6.263)"
2.261 (1.806-2.830)"
7.324 (6.003-8.934)"
4.912 (3.815-6.324)
1.124 (0.867-1.457)
7.086 (3.776-13.298)"
2.408 (1.358-4.271)'
2.094 (1.669-2.628)"
6.377 (5.217-7.795)"
4.474 (3.467-5.772)"
0.929 (0.714-1.208)

" Model 1: Unadjusted in the study group.

2 Model 2: Adjusted for age in the study group.

9 Model 3: Adjusted for age and BMI in the study group.
940,05, " €0.01.

9 Abbreviations: See Table 1; MetS, metabolic syndrome.

3.3 MBS HIES flet GGT2 ROC =4 2

. GGT
= 100 |

dARSE 99 d&str] 913t GGTY ROC A4 -

BHE Table 301 ANSLOH, GOTY AZEZE 80 |

&< 93t ROC ZAL Fig. 13 2t} GGTY A+ > L

297 99 % HUES Yenje sdolmy = O|

(area under the curve, AUC)2 0.715°0]11 Hetgh2 g 40 [

40 UL TRE 65.0% SOl 702%2 demith

AST9] AUCE 0.624°]1L Aetghe 25 U/L, Wtee 20 - AUC = 0.715
64.5%, E0l%+= 56.5%%F.2H, ALT2] AUCE 0.678, 01 S IPI<IEIJ-|0EIJ1I __
Aughe 27 U/L, 9AEE 58.0%, S0lEE 69.4%2 0 20 40 60 80 100

Jehie Wb GGT7E The 7 sk vlas diat
252 % At ¥A ekt

100-Specificity

1) Abbreviations: AUC, area under the curve.
Fig. 1. Receiving operating curve for predicting
metabolic syndrome in non obese adult men
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Table 3. Receiver operating characteristic curve (ROC) analysis of GGT for the diagnosis of MetS

Variables Cutoff value AUC (95% ClI) Sensitivity (%) Specificity (%) p value
GGT (U/L) 40 0.715 (0.705-0.726) 65.00 70.17 <0.001
AST (U/L) 25 0.624 (0.613-0.635) 64.50 56.49 <0.001
ALT (U/L) 27 0.678 (0.667-0.688) 58.00 69.36 <0.001

" Abbreviations: AUC, area under the curve; Cl, confidence interval; GGT, gamma glutamyl transferase; AST, aspartate

aminotransferase; ALT, alanine aminotransferase; MetS, metabolic syndrome.
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GCTe WARSSZ UHY IAA diEAimelH,
GGTS HARSZZ7e] ATAdL ABIAEF A9 &
% Bhgol o5 AEE 4 SicH4ll

Tao 51819 AFE= 20-654] HolF AL thit
o Jy9 fASIFES Adsh] H3t GGTY
AUCE ZH2} 0.73, 0.802.2 X 115}9ich T3t HA 9
GGT & AegtE 315 U/L, W= 74%, S°l=
= 62%°19, o449 H4 Fegrel 195 U/L, W
76%, ol 70%= HARSELY] e EARAZA
GGTY &7o| #ddtty Bistgirt. 5711 tid
02 3t Kasapoglu 5(42]2] A7+ dASS= A
o7 913t GGTY ¥4 ddkgk2 34 26.5 U/L, o
/3 205 U/LZ BEusty). g9l tiido s A 53¢
FUAZIFRAL ARE ol8sto] FAH 4 4
k2 14 U/LE AASERAHH25]. BlRFskA] ek 42l
S o o 2 A7AT g TS 9
3 GGTY AUCE 0.715%2™, GGTY 24 Akt
2 40.0 U/L, 91 =L 65.0%, E°% 70.2%% e
ok E3] GGTE AST, ALTS 22 tfE 7+ G408
o AR E T A BXAZA o 483 Aoz yE
U Tao 511819 d+et fARRE 4atE Eith

AR Aolx GGTY AF7EE 3489 4% 63
U/L ol3Z 7122= AMgstal glom(43], AP+
ot & A1ARE B9l HASTES 2719 S5
oA GGTY A E WoF & Ao ot
E3E Aol wheh A4 Ariglo] thakstA AAIEIL 9
o o]z AFFA Aol wiEo 2 o dEm, &
AFE BsHA] gFe ARle oz sto] At
oA AASHE GGT dehgt KBt 2 Arhgto] 4K
g Aos AztEch

2 A7E 2 79 AfkEE 7 Qlot g
AR Qlof JAE 2T 4 Aqith EF GGT
FA= 9 AFHY HEHEE4A (barbiturates)H
HYEl(phenytoin)¥} Z-2 9FEo] 93] Fopd £
A=l ol viAISHA] ZotgirH44l. E3F 5 7t A%t
A HiAlsIA o HIYFEA A HESAE HiA =
A Zokoinh Igolle oty 2 A 2 o
BAE Bl AT diE] EAAEA GGTY
|45 wrketeleon, 34 ddgkZ AAstAth=t

oJulz} gt

o

=

HghobA] R A9l He tFo R A ¢
I 7484 E GGTS 9#dS At B3 GGTY
QASEE & FPxE 0715929, GGTY 4
AAZES 40.0 U/L, 9IZELE 65.0%, 0% 70.2%=
e webA BlRkehA] o2 ARl dAdelA GGT
£ AT Adoh=d lojA] <3t Jek A
TE Ho] fASET f¥S ddstet B RE
A 83 AoE Uy
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