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—— Abstract

Background: Gamma-glutamyltransferase ( y GTP) is one of the biliary enzymes, and is synthesized in epithelial cells
of the intrahepatic bile duct. Increased y GTP is conventionally interpreted as a marker of alcohol abuse and/or liver
damage. Recently, an association between y GTP and metabolic syndrome such as diabetes, obesity, hyperlipidemia, and
hypertension has been reported.

The aim of this study was to assess the association between y GTP activity and parameters of meatabolic syndrome
in the non-alcoholic health screen examinees.
Methods: A total of 4,110 health screen examinees (2,051 men, 2,059 women) who participated in health screening
at the health promotion center in Kosin Medical Center from March, 1997 to December, 2003 were enrolled in this
study. All participants have no evidence of viral hepatitis and alcohol abuse. The clinical, biochemical and metabolic
parameters analyzed by multiple regression and logistic methods.
Results: Almost of all variables (age, weight, blood pressure, body mass index (BMI). waist circumference (WC), total
cholesterol, triglyceride, fasting blood glucose and y GTP) except high density lipoprotein (HDL) cholesterol were
significantly high in men than women (p<0.05). When subjects were grouped according to the y GTP level, group
[ (0~<20 U/L) and group Il (20 U/L<~ <40 U/L) and group III (>40 U/L), significant differences were noticed
in almost of all variables (weight, blood pressure, BMI, WC, total cholesterol, triglyceride, fasting blood glucose) among
each group (p<0.01). The age adjusted odds ratio between WC and abnormal y GTP level was 1.760 in men and 2.475
in women (p<0.01). As subjects were grouped according to their number of components in metabolic syndrome, the
numbers of subjects with abnormal y GTP concentration were increased according to the numbers of components in
metabolic syndrome (p<0.05). There was a significant positive correlation among waist circumference (r=0.192,
p<0.01), waist and hip ratio (r=0293, p<0.01), systolic blood pressure (r=0.115, p<0.01), total cholesterol
(r=0.135,p<0.01), triglyceride(r=0.228, p<0.01) and y GTP.
Conclusion: These results suggested that increased ¥ GTP level in non alcoholic health examinees is closely associated
with metabolic syndrome. Elavated y GTP may not always indicate increased alcohol consumption, but may simply
suggest the existence of the metabolic syndrome.
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2} 127.47+16.69 mmHg, &2} 124.01 £20.28 mmHgZ &
oA fel3kAl EXeH(p<0.05)(Table 1). EHFAA F
T £HE, AW, FEYY, rGTP, AST, ALTE
dAbolA Etoy, HDL S ZHES T3 4694+
13.47 mg/dL, =} 51.64+13.55 mg/dLE o z}ol|A] =3t
THp<0.05)(Table 1).

Table 1. Clinical characteristics of study subject

Mile Ferrle Total

(n=2051) (n=2059) (n=4,110)
Age (years) HD+1657  HBEI7R  931+1680
Height (cm)* 001+ 643 15711= 5% 16355+ 84
Weight (kg)* 851034 TR+ 8 QRBEIL3
BM (kg/ni) B/ 30 Bl 3M 2347+ 39
Syolic BP (mmbR)* 1274741669 14014028 12574%1866
Diasolic BP (mmi)*  BOZI0N0 BT TI9£172
Waist C (cm)* 817+ 852 BB Q05+ 987
Hip C (cm)* BB 603 BAIEAM  BHIEILY)
WER * 0D+ 067 085=00 087+ 083
T-Chol (mgfdt) Q77668 10508 1916829
TG (mgd* IBOTER235 1076260992 1244048301
HDL (mgldd)* HU+134T SIEA=I3S 4920%137)
LDL (mgd0) 82 £33 167523018 11748+35.18
yGIP (UL)* MUN=RI 19B=BE HT=0H
GOT (ULY* BOLITM  BMEI04  2391+149]
GT (UL)* RDUEBT 19B=1746 B0+345
FBG (mgd0)* 000642562 9663+21M R I9+3D
Hb (mgdd)* 40+ 115 1267= L8 1373+ 134
Uric add (mgdd)* 617+ 189 445+ 105 SR+ 1T

Values are mean *standard deviation. Abbreviations are: SBP,
Systolic blood pressure; DBP, Diastolic blood pressure; BMI,
Body mass index; Waist C, Waist circumference; Hip C, Hip
circumference; WHR, Waist and hip ratio; T-Chol, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein
cholesterol; LDL, Low density lipoprotein cholesterol; FBG,
Fasting blood glucose; Hb, Hemoglobin; y GTP, Gamma-
glutamyltransferase; AST, Aspartate aminotransferase; ALT,
Alanine aminotransferase. * P<0.05 men vs women
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1145 kg)o 2 1 9 J=
FE4 28 E,

&, [23 1T,
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Table 2. Differences of metabolic parameters according to
the 7 GTP concentration
Gupl g O
<oun P U{]Lﬂjgm (>0 UL)
Acelvears) BRETHT R4+l SLBE 1564
Feight (cm) 16108+ 834*t 16518+ 921F 16760+ 801
Weight 5824+ 918t  623+104F N7+ 1155
BM 2098+ 227 205+ 264 2131+ 247
Systdlic BP (mmbe) 12190£1853% T 12000+18(0 13098+ 17.59
Diastdlic BP WHEIOT  PIBEHS 81.24% 1091
Waist C TI95+ 903* T &5+ 867T WML 8P
Hip C N4+ 58*FT  HBEIBET B3+ 617
WHR 084= 07 090+ 075 092+ 0N
Tl 183494363t 1968143761 T 20537+ 20
TG BRE0%*T 1ROIBRT  1BA£1169
HOL SLI4E1316F T 479213PF  47.25% 1433
LEL: 11258+3328%  1289+H.%F 1242+ 3751
yGIP 138+ 363% T BEA+ 561T  BIRE11271
Gor 2165+ 6745 2591+ 8T 685+ 68
GPT 174+1008% T  2783+168T 460+ BH4
FBG HA7E1921¥ T 1009E59T 10435+ 2046
b 1301+ 140%T 1419+ 18T 14D 1%
Uric acid 473+ 127 5@t 141 620+ 259

A 220l A 8- Gamma-glutamyl transferase®} AR $-w2k 1344

Values are mean *standard deviation. Abbreviations are: SBP,
Systolic blood pressure; DBP, Diastolic blood pressure; BMI,
Body mass index; Waist C, Waist circumference; Hip C, Hip
circumference; WHR, Waist and hip ratio; T-Chol, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein
cholesterol; LDL, Low density lipoprotein cholesterol; FBG,
Fasting blood glucose; Hb, Hemoglobin; 7 GTP, Gamma-
glutamyltransferase; AST, Aspartate aminotransferase ; ALT,
Alanine aminotransferase. * p<0.01, Group I vs Group II, T
p<0.01, Group I vs Group III, T p<0.01 Group II vs Group
111
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(r=0.821, p<0.01), WHR (r=0.546, p<0.01), +%718%
(r=0.349, p=0.01), F8) 26 2(r=0.312, p<0.0l), T4
Z¥K(r=0.338, p<O.0D3} F& Fo] JAAAE AL
U, HDL 8| 2H&(r=-0.277, p<O.0D = &9 g
AE RS tHTable 3).

Table 3. Comparisons of correlation coefficients among
metabolic parameters in study subjects

Varilble WC WHR S D@ Thd HL TG IIL HG yGP

EM OR1F 0586° 039% (028F 0312% Q077 03%% (02%8° 016* (116"
WC |07 0407 X% 036% 0% 04RF 0314F 026° 0192
WHR  0R7F 1 0410F 0X9% (38F 4% 03WF 0290F 0257 013

SBP QA7 0410F 1 O3 0BT I19F 025 01 I8F 0115
DEP 0205% 0R0% 0383 1 QIS* 66t 008 (e 012f 00m*
TCHOL  03%F 038% 037 01%* | O 0354% 0899 0115* 0135

QR D1 005
01%* 0.28*
0127 0o4r*

HOL O30 2 Olg* 0e* 00%* 10X
jLe] Q4B OI* (24% 0189% 03%% 03%9* 1 00
IDL 034 0X0% 0I84% 0MI* 089% OI3* o |
G 026° O22% QI8 011% Q155 QU oI oo 1 0%

yGIP 0192* 0203% 015 00%8* 0135 0005 028* 0041* 010

Abbreviations are: SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; BMI, Body mass index; WC, Waist
circumference; WHR, Waist and hip ratio; T-Chol, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein
cholesterol; LDL, Low density lipoprotein cholesterol, FBG,
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Fasting blood glucose; y GTP, Gamma-glutamyltransferase. *
p<0.01
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Table 4. Comparisons of correlation coefficients among
metabolic parameters in obese men

Variate WC WHR S DB Thd HL TG DL FG yGIP
BM 031 05T 09T 0T 0T 231 03T 20T W% 0
We I (981 03117 0367 23T 21 039 00T wieeT (et
WHR O 09BT 1 0T 0T 00T BT 03T Q297 Ut 0ot
oY 03T 03T 1 02T QBT A0 0T R 0T 9t
DB 0X6F QT OR2F 1 QM6T O 01T s ot oot
TCL 0057 (20 I3 046t 1 AR 00T 090t o st
HL  -00f 4311 40 R g 301 AUBT Q21 et
G 0397 3BT 0t OIT 03T AT 1 0MT oot 0Bt
IDL 20F 0297 0% 003 090t At oMt 1 0w o
G 06T (19T 00%F Q4T 003 ARt AT oo 0Tt
yGIP QIMT QBIT 09T 00T QIHT 0t BT 400 ot |
Abbreviations are: SBP, Systolic blood pressure; DBP,

Diastolic blood pressure; BMI, Body mass index; WC, Waist
circumference; WHR, Waist and hip ratio; T-Chol, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein
cholesterol; LDL, Low density lipoprotein cholesterol, FBG,
Fasting blood glucose; y GTP, Gamma-glutamyltransferase. *
p<0.05, 1p<0.01

o4 wlRte] ¢ tAAIEEF

FABAE FHF R
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T g Ed, WHR,

TH71EY, °1e718

¢, FEY2HE, FAAY, LDL 8 2H 2(r=0.228,

p<0.01), ¥
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3, v GTPS} £-9]3%

o] HBUAE B

R, HDL F¢ 28 E(r=-0.142, p<0.0D) 3= &9 4

HBAE

B ATHTable 5).

Table 5. Comparisons of correlation
metabolic parameters in obese women

coefficients among

\aihs WC WHR S DB T HL T DL B GP
BM 09T OXF 0F Q6T 0BT AT 00T 028t 0B 0BT
W I 080T 07T (%T Bt Q6T OB Q20F 00kt 00F
1015 XS S S 1 3 VI N 23 11 R VI O 1 A
® 0 ORT 00T 0377 AR* ORT QT 0X6F QI5T
P 0% 0F 085t [ 408 @67 0T Q5T ot
TCHL 03F 0%f 0wt Rt | it OHt 097t Bt et
HL % AT A6 408 ot 1 8T W9 AmT ak
T ORF 00T ORT 25T 08T AWT 1 et T okt
DL 20 0201 06t 0wt 097F 0T (et I
125 €17 3 RS 3 VR o VU 1) 12 Y 14
/G 07 QR QIST 02T 0T 0% (Mt 0BT 0B
Abbreviations are: SBP, Systolic blood pressure; DBP,

Diastolic blood pressure; BMI, Body mass index; WC, Waist
circumference; WHR. Waist and hip ratio; T-Chol, Total
cholesterol; TG, Triglyceride; HDL, High density lipoprotein
cholesterol; LDL, Low density lipoprotein cholesterol, FBG,

g

Fasting blood glucose; y GTP, Gamma-glutamyltransferase. *
p<0.05, 1 p<0.01
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T3%01AE 74 —r°ll wet MSNO~3 ¥] #2225 rs}
3, Z} 22 yGIP =9 34 759 Aol7t A=A
Yot A3 yGTP F=7} 40 UL ©]442] v Akl
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16.3%, 29.6%, 33.8% % thALES o] FARIA ] 71 &
STE F7le F4E B9 FU3, MSN2 o]43E
H(20.1%) B} =JATHp<0.01)(Table 6). L& tjA}Z=
F22] FAUAE] 7t B24E yGIP 5=71 723
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Al 7183 tHp<0.01) (Figure 1).

Table 6. Numbers of normal and abnormal serum y GTP level
according to the numbers of components of metabolic
syndrome (modified NCEP-ATPII criteria)®

MINO MSNI1 MN2 MSN3 Total

yGTIP <40 UL 985 1,157 638 434 3284
R7%)  (8B7%  (104%)  ©62%) (19.9%)
yGIP 240 UL Tl 226 276 247 826
(73%)  (163%)  (296%  (338%)  (20.1%)
Total 1,062 1,383 934 731 4110
* p<0,01

40

30F

r-GTP (U/L)

20

MSNO MSN1 MSN2
(n=1062)  (n=1383)  (n=938)  (n=131)
*P<0.01

Figure 1. Mean of y GTP level according to the numbers of
components of metabolic syndrome (modified NCEP-ATPIII
criteria)™®
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1.760, A} 2.47)7} & &, 3530 115 mg/dLoe] 3
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Table 7. Logistic regression of abnormal y GTP and metabolic
syndrome (modified NCEP-ATPII criteria)

Variable OR €I B

High WC

Men (WC=>90 cm) 1.760 (1.430-2.167)  0.000

Women (WC=80 cm) 2475 (1.574-3.891)  0.000
FBS (>115 mg/dL)

Men 1.842 (1.450-2.339)  0.000

Women 2.085 (1.357-3.201)  0.001
TG (=150 mg/dL)

Men 4.284 (3.512-5225)  0.000

Women 2264 (1.530-3.350)  0.000
HDL

Men (<40 mg/dL) 1.192 (0.980-1.451)  0.078

Women (<50 mg/dL) 0.982 (0.678-1.421) 0923

BP (>130/85mmHg)
Men 3.376
Women 1.420

(1.124-10.141)  0.030
(0412-4.895)  0.578

Abbreviations are: WC, Waist circumference; HC, Hip
circumference; FBG, Fasting blood glucose; TG, Triglyceride;
HDL, High density lipoprotein cholesterol; BP, blood pressure;
OR, Odds ratio; CI, 95% Confidence interval
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B oA AT AR F slElErt € Ve ASAEYAE FEE] ) AEUE gutathione
T, FEEGo] 2 &+ 2 TR o] & AlA vy 9] o]Fo g 23l oJAF R Urhte FAtola 3
GTP2 o|Afo] Sl Hd w7t =t X3 Ui+ =g
2 FjAA F7F 7 EFE yGTP =7 HIAPA AzZel  AFdA yGIPY  FEeF AL
A A7t fFelstA F7hele S #FE F UUL (Hemoglobin, Hb) 2|9} o] ATt AedA Ay 4
Al Ee] AR 7 WESE yGTP %27t = FeAhe o g enks FATI AL, fE AW
FojatA FrtE e, dA 2 ¥ GTPE 2 41 Ake] Z7h= RE]7(free radical) 9] F71E RS o
o ULS ¢ F UATE drEFNA ¥ GTP7}F S71 23t 21719 St dEdA P Ayto] w2 FE
she 7132 o & deld A @tk 2 T e Fprh Aol Aok o’

T3] 7kl Aol Habsh= Ag §  Urh Aol 53] ATt HIRke] R RE HT F5 9 gl
WA Sk 74 9l A 8 (hepatic insulin resistance) 3 L galEsge) EA R} 2o shuQl & Eds oF
e QAo Stk AA v gz SA v AR EES AFAVE 285 & F AMh A=
o] 79 7k o} AWk sK(fatty change)9F Aol 9l o] ATl ¥ GTPA 7} tARES= 1A el g 3
3, EFABNY yCTPY] S7HE $F PR 43 BWAES Ao AHeR vE AFERvhs 4
Sl o] gt Hekend organ)’d7] 9] 443 o WA A A7t tokth o]y st Ade tiAeEate] HeE v
o] 1 2V olglgt Aol ME F7hE ¥ GTP7L 704 GTPz] =02 dysrle offvs AL onlgtt
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