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Metabolic Syndrome Related with Serum Biochemical Factors
Affecting Serum GGT at Transitional Ages in Gumi

Seong Ja Seok'

Department of Clinical Pathology, Sorabol College, 165, Chunghyo-dong, Gyeongju 780-711, Korea

This study has been done with 1,431 subjects who visited Health Promotion Centers of the hospitals in Gumi for
National Health Screening Program for People at Transitional Ages from April to December 2007. Serum biochemical
tests related with metabolic syndrome were performed. Among biochemical factors related with metabolic syndrome,
the mean values of serum glucose, AST, ALT, triglyceride and HDL cholesterol except LDL cholesterol were significantly
higher in males than in females, so a significant difference by sex was observed (P<0.001). AST, ALT, triglyceride and
HDL were thought to be significantly affecting serum GGT for males. In contrast, ALT and HDL cholesterol were
important factors for females (P<0.001). For both sexes, serum glucose and LDL cholesterol did not produce any
meaningful effect on serum GGT. In males AST, ALT and HDL cholesterol were associated with high risk of
abnormality of serum GGT and in females AST, ALT and LDL cholesterol were related with high risk of abnormality
of serum GGT. Therefore, AST and ALT showed a significant effect on abnormality of serum GGT in both males and
females. It was observed that males exhibited significantly high correlation between metabolic syndrome related
biochemical factors and serum GGT than females, and their influence on abnormality of serum GGT was also higher in
males than in females. Therefore, serum GGT tests performed for health screening are considered to be useful for
managements of cardiovascular diseases and metabolic syndrome as well as liver function test.
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Frold &7k s HA 2™, 19881 Reavend:
28, d2s Aol (glucose intolerance), F 7434 A
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WHO® A YH/‘}Z&ﬁ (Metabolic syndrome) &2 % €]
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NCEP-ATP H1¢] 7]itol] whE w]=o)o] gA=Est S

B2 A2 16.5~28.0%, 7 22.7~363%0]9 (Ford et al,
2003), -2yt FHELS 33} 52~94% A} 90~
10.0%°]™, 3|2)E# )4 Body Mass Index (BMDE 7|5
o= 3 AFN FHES YA 132~24.1%, JA} 124~
184%%2 th4s FHES B30 (Lym et al, 2003;
Kim, 2009). thAlE3- e egler & 25 &%
T 07 BEaAY F2o2HE, AST, ALT B3 GGT,
T, AETE, L AT ER S AsE -y
A2 - A 22 o] At} (Choi et al, 2009; Lim
etal,, 2005; Lee et al., 2004).

¥ y-Glutamy! transpeptidase (13} 3 GGT)= U
Aoz F7 d7E HH 9 A FeAZdEL e
W AE2A e AHL Qs fdoly A Q7
oM % GGT AdHAAS 2 A AgTe] B
ol P& AT glom el drodas &
d GGT7F 35 18, By, AduAdzte] a2
aFeol g AFMAAZA IEE T 5 9SS AN
3L U (Lee et al,, 2003; Yokoyama et al., 2002; Mun, 2005;
Lim et al., 2005).
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ol F2EHE (low density lipoprotein ©]3} LD L-Z-#)
2H ), 84 GGTY 5%E Hitach 7600 (Hitach, Japan)
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HAANEHE % Glucose, AST, ALT, triglyceride, HDL 22
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Fon 22 AHEL BE Qola Aukalo] wl =
A Wbt dARSSE B 84 AsiebE gglew
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& Agate] &k 63 IUL ofah, 2} 35 IU/L ©]5Hs
Fow A4Skl

iLj
EAVEEE N

ox

Eaj

THEH A8 SPSS version 17.08 ©}-£38}o]
Zke] A4 9 o] E AT B 9 skt
A 89l ¥iuE 98t WwAHEM I} Chi-square H4S 8t
Aok @A GGTYl FFE Xe dAsFE 3 894
At aglg doliy] fJdte] Aglel HAAES &
TR ot 4 GOTE TH5HUTE 8l 524
28 3FAEME 31la, % GGTY 9ol 7lA+= 9

g dolry] $I3te 2428 3HEN G AAstY
289} 959 MBS I3
4 2

tAISS & Sd Y3si™ QolEM
H

AES w3 84 gt sdee] Jﬂﬁ TE
T3t AEE Mg A3 DL FEAHES A9F
WAt A g3 AsshA a9l 4 B‘éﬂ GGTE
Aol wat ool AT (P<0.001).

o] Ayt YA 9471186 mygdl, @A 914+
18.6 mg/dLo]™, ASTS] BT P&} 2501104 UL,
A2} 20.618.6 UL, ALTS HsEs WA 272+
179 TUL, 93} 160+112 [ULE 89, AST, ALTS] 3
FEE @AF oaiRo %946‘}711 =% (P<0.001). &
BAE T AL AF A 150.51105.6 mg/dL, o
A} 91.6+56.8 mydL®E FA7} AR ETE Fo3HAl &2
°om (P<0.001), HDL S ~g|ZAE PR} 54.6+11.9
mg/dL, 932} 60.7£12.9 mg/dLE A7} YrlE L Fol
&9 frelAde) e} (P<0.001), LDL Fa e S0l A
= Frejdol glith (Table 1).
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Table 1. Mean values of metabolic syndrome related with biochemical factors by sex

Male (N=774) Female (N=657) t P
(M + SD) (M * SD)
Glucose (mg/dL) 9474186 914%18.6 3382 0.001
AST (IU/L) 25.0+£104 20.618.6 8.596 <0.001
ALT (IU/L) 2724179 160112 14.293 <0.001
TG (mg/dL) 150.5+105.6 91.6+56.8 13.303 <0.001
HDL-C (mg/dL) 54,6119 60.7£12.9 9.242 <0.001
LDL-C (mg/dL) 114.4:£32.2 11144275 1.901 0.057
GGT (IUL) 45.6+49.8 19.7+44.0 10.352 <0.001
Table 2. Mean values of metabolic syndrome related with biochemical factors by age
40 ages (N=1239) 66 ages (N=192) t P
(M % SD) (M + SD)

Glucose (mg/dL) 9254172 98.1426.7 2.601 0.010
AST (IU/L) 226493 2544132 3348 0.001
ALT (IU/L) 2241167 20.1+11.7 2.200 0.029
TG (mg/dL) 122.3493.8 132.9+72.3 -1.399 0.162
HDL-C (mg/dL) 5744127 57.0+132 0.389 0.697
LDL-C (mg/dL) 111.6+29.9 123.6+30.4 -4.855 <0.001
GGT (IU/L) 33.5+40.4 36.0£90.0 0.637 0.524

Table 3. Association between metabolic syndrome related with biochemical factors and serum GGT

Glucose AST ALT Triglyceride HDL-C LDL-C
AST 0.071
ALT 0.131" 0.724”
Male Triglyceride 0.171" 0.120™ 0.248"
(N=774) HDL-C -0.047 0.039 -0.145™ -0.450™

LDL-C -0.003 0.019 0.162" -0.220” -0.022

GGT 0.093" 0.533" 0454 0.211" 0.115" -0.048

AST 0.023

ALT 0.055 0.798"

Female Triglyceride 0.190™ 0.100" 0.131”
(N=657) HDL-C -0.057 0.064 -0.042 -0.398"
LDL-C 0.151" 0.041 0.083" 0.090" -0.008
GGT 0.030 0.265" 0.360" 0.031 0.135™ 0.105"

"P<0.05, " P<0.01

g, 94 GGTIIAE F940) Gtk Webd 8% GGT
ofe] AaEold d3e] me BAe weakA sroivh
(Table 2).
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GGT¢ #oAdel Aem (P<0.01). ReIAE F94
o] Yok} (P<0.05). 9J=loll A+ AST, ALT, HDL S~
HEoA 84 GGTS freldel U (P<0.01), LDL
FH g EdAE ool wekon (P<0.05) E9%
FAALANAE 4 6T g0l S

upeba] Gz AR A e 8@y
Atska 8913 A GoTeRe] Aol ZArth (Table 3).



Table 4. Metabolic syndrome related with biochemical factors affecting serum GGT

(multiple regression)
Male (N=774) Female (N=657)
B B t P B B t P

Glucose 0.049 0.018 0.611 0.541 -0.003 -0.001 -0.034 0.973
AST 1.866 0.389 8.899 0.000 -0.547 -0.107 -1.747 0.081
ALT 0413 0.149 3.284 0.001 1.733 0.441 7.203 0.000
Triglyceride 0.104 0.220 6214 0.000 0.039 0.050 1.222 0.222
HDL-C 0.925 0.221 6.543 0.000 0.616 0.181 4491 0.000
LDL-C -0.027 -0.017 -0.559 0.577 0.112 0.070 1.897 0.058
Constant -79.896 -5.997 0.000 -49.899 -3.713 0.000
Adjusted R* 0.344 0.156

Table 5. Metabolic syndrome related with biochemical factors affecting abnormality of serum GGT

(logistic regression)’
Male (N=774) Female (N=657)
B Exp (B) 95% Al=]73t B Exp (B) 95% A&7t

Glucose 0.006 1.006 0.996 1.017 0.013 1.013 1.002 1.024
AST 0.052 1.053 1.020 1.088 0.034 1.035 0.986 1.087
ALT 0.027 1.027 1.010 1.045 0.041 1.042 1.003 1.082
Triglyceride 0.006 1.006 1.004 1.008 0.006 1.006 1.000 1.011
HDL-C 0.052 1.053 1.033 1.074 0.004 1.004 0.973 1.036
LDL-C 0.003 1.003 0.997 1.010 0011 1.011 0.998 1.023
Cnstant -8.386 0.000 <1.779 0.000

*Normal =0, Abnormal=1

GGT ¥ 8¥ GGT R0 JL2 nixl= UABS=E
o e gy 4sisty 20l
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A st AANES EY¥SsE sta 93 GGT
£ THUFE sl 84 GGT 9FE A= 8
Azl gQle dolrny] f3te] dFEA Y AR
AL a9t} (FAF r=0344, A=} r=0.156). ‘FA9] 7
drteFa B 84 ARy 9% F AST, ALT, 5
4A, HDL Zdl28Eo] 8% GGTo #2% 9342
mH o (P<0.001), EFF LDL EHAHELS 493
FEFE UXA Rtk A2l AE ALT, HDL S8 28 E

< 8% GGTel ol AFE 2 (P<0.001), T,

GOT, 44} LDL ¥ 28294 §2lAle] gu)
3 GGTY ¥ 9 vlXE 8AL Fopry)
Aste] 22 ARME Ao AL J|FeE He
W @A ASTOIA 83 GGT 9 w7} 1.053
(95% CI (confidence interval) 1.02~1.088), ALT®]|A]¢] 1]
2] 7} 1027 (95% CI 0.010~1.045), HDL 23] 2~ H| ]| A
o] ")) 7} 1.053 (95% CI 1.033~1.074)F A= diA}

5T #H 9 AsishA a9l T AST, ALT, HDL &
e EelA A GGTY Rl g A= &%
on, AR NE AL 7IEoE P& o ASTIA &
A GGT HHel vx|7} 1.035 (95% CI 0.986~1.087),
ALTo| A1 2] ¥ 7} 1.042 (95% CT 1.003~1.082), LDL
FH S A 2] &7} 1.011 (95% CT 0.998~1.023)
2 A= AST, ALT, LDL @26 Eolx 9% GGTY
Fol Oig A= Fol ¥ 5 ASTS} ALTOA
g3 GOTY FHol vx & dgo] v} (Tabled & 5).
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rEFa #HdE 4 A 2 F dAEE
T AE FEES F4H0E s BY, B A7
A ge] HasEs $Ab 94.7118.6 mgdL, <A} 914
118.6 mg/dLE 304 ©]F A& ddez g 2008
TG FRA A A} (2} 100.8 mg/dL, A} 98.0
mg/dL)%} Lym 5 (2003)9] 9747 (&AF 101.5 me/dL,
A2} 947 mg/dL)ET} £ A< €9 A sErt St
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ot FAAEE &F, AT, AR, 2gA o] S
FEFE wom FRT okl whal 24 Ao AY v
T HMTEN HiAFEY
ETHA Ir A vehdoh 8 Agella FAXe 3
TEEE 94 150.5£105.6 mg/dL, A} 91.6156.8 mg/
dLE, F=}be] A (1996)°] ATZA7} (1491
67.6 mg/dL)%} Seok and Shin (2006)2] A3} (149.9495.5
mg/dL)%t ¥ ATAIAE AXSHI Lym 5 (2003)9)
ATFA3 (155.8 mg/dLye} ¥]=8kP o), Fwled gkxa)
(2008)2] A3} (1614 mg/dl) Bohs 2 A7AH7} 2ot
o} ogzbe] A9 I zAl A3 (1200 mg/dLy¢t Lym
5 (2003)2] A7 (108.8 mg/dL)St Gweon 5 (1996)

et al., 1996) A5

A9 Gweon 5

o] A4 (133 mg/dL) B & Ao Axpr) doirth

& 952 HDL Fel2HE9 Hdsns g4 546+
119 mg/dL, 37} 60.7£12.9 mg/dLE Lym % (2003)8] &
T (24 494 mg/dL, A&} 569 mg/dL)$} Gweon &
(1996)¢] A2 (Al 50.3£3.3 mg/dL, A} 50+4.3
mg/dL) Br} £ A7 HDL Fe4HE Fds=rt &
ek & A7elA A A 99059 HdEEr)
gAH R A ZAbE A diidzke] do] AojA
71 404 (1,239%)%F 664 (1928)°} AH < A =
AEAE a2] AlgE B ATl whE Al 7)9)
& Aoz Abgdrt

#3 GOTE ¢2E AFY AT e=Adds
el X2 AFREH I Qs flol} Be T
A 83 GGTe 184, 28 By, HEF, WS4 Fol
R oA e B0l AN (Lee et al, 2003;
Nakanishi et al., 2003; Mun, 2004; Lim et al., 2005), A&
Fo% 4 GGTYY #HAAE B2 =794 (Rantala
et al,, 2000; Yokoyama et al., 2002) B3}t H vt
| Coranary Artery Risk Develop ment in young Adults
(CARDIA) 7oA 84 GGTY] %7t AAuiolA] 4
3} 2B g9 WA #RAg] YT (Lee
et al., 2004; Lim et al., 2005).

AT fEE 94 Ak 8913 84 GGT
ote] A wigk A7t A §lod B]iﬂ%}ﬂh ks
ARE B Al A FAte] B§- LDL FEAHES A9
&+ AST, ALT, 544, HDL FelxH 2, dgdolx g3
GGTS frojde] dslon ¥4, 2Zd2HE, THA
ol "A GOTY #o%h BadAdo] AW (Lim et al,
2005) A4zt my, wvk udY, nFAAANLS,
IAEF, 189, L t o] Fede] ANE (Cho et

al, 2007)9} dAZdstel vls=sisi o) HDL Ed2EHE
W A GoTE #EAe] glo] & A9 e A3E
eI oj=2ke] 79 (Cho et al, 2007)2] Aol o
2, 0R, 18, aeAANEE, AAYS, 18y, 1
a4t Fo] 4 GGTe #Ao] et £ AtalA
= 83y AWM 87 GGTe #EA] F9
do] At Mun (2005)2] A-tollA diAbEE 749
}01 7 B&4E d3H GOTY gl FobAd diAl
S HH GGTE] FHES] A9=g oF 344 &%
174 rtsSte]l 4 GGTY 43S n|dthe A+
Aol vp7A R B TN T Ao dEd
2= g% }gi}&ﬁ 3_01501 g;‘d GGTE} %tﬂ%oﬂ EH
o Y=t Eokon 53] P4 EF ASTSF ALTOA
g3 GGTY FHEd v &gl o
B el Algdes % GOTol 9%S
obg AMgHol} BH2FE AR T 1b 01*0%224
ol gk At Ul%@ﬁﬂ Aot Ao er] 2w
o]-g&3te] ARlA &
AAES sl 7
=l 997} & AoR Agh
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