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Serum gamma-glutamyltransferase (GGT) has been widely used as a marker of alcohol intake and
liver failure. Recently, the relativity between GGT and various diseases has been identified with
growing interest. In this study, we examined relativity between GGT value and risk factors of
coronary heart diseases among those with normal GGT value, excluding heavy drinkers.
Specifically, we compared the differences based on age and gender. Data from the 2011 KNHNES
were used (N=3,619). When the subjects were categorized according to quartile based on the
serum GGT levels, there was 10~20,21~27,28~38,39~71IU/Linmen,and6~12,13~16,17
~22,23~42 IU/L in women. The mean of most variables was the highest in the 4" quartile (Q4),
however age and LDL Cholesterol were the highest in the 2™ quartile (Q2) in men. The FRS and
10-year CHD risk was the highest in the 2™ quartile in men, and the highest in the 4" quartile in
women. Increased GGT was correspondingly linked with age in women but age was the highest in
GGT in the 2nd quartile in men. In the 70’5, the h|ghest Q1 and Q2 was in men and the h|ghest Q3 Corresponding author: Se Young Kwon
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¥% gamma-glutamyltransferase (GGT)= X274 7171% 9] Ao thgt A7 ds] JB = ar et v S F-EA A
ool A Ql YF-E AHH I A3 2A] H2 v o2 T 2t A A & GGT 4] 9] Aol S8 E| 0] T o da-&of o9&
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Gl T Qe AsloA] 2] O ATTA YT ASFH AT
[5-9]. ZLoll= AR Sk HASH AT B Eieh10,110.
SHH i T 3 Ao A= B GGT A 0] WHehe
T Ag Uk o T AX B2 GGT 41 9] W Z71% o)
& F7I= ok9=t(12], o] 25 GGT A1 ¢ A4 &k 571el
Aslo] 1 A4S 7231 Qdek Ty giFEe] AtolA] 7F
A T Aoy 7)ol GRS = oFE B89 Hsk o
A= A 9JE]o] Qlo, &g T 2918 A9 gHo] oy
IO A= SIS A 5Tt wet A8 A
&, B, A 5 258 Askate] Il o] o 24 Yebdth
(5-9]. H= ol A WK GGT At weddt Ay Akt 1
GUTO] AT A5 AFAAE GGT F=AI7HH1A s =
o] Zgtx|o] 9lom([13,14], B GGT =415 tdo=
ol oG- B Aot

2011 195 12970A] A3 517 gzl Al -
A2 8,518 5 3041 o]AFol| A GGTS} Framingham risk score
(FRS) AlAt ol A AEA 5 Al Lf et ti A= 4,680 0] %tk o]
oA GGT Aol Fo= & 4= 3= 8.9le efsto], BE 7,
CH 7+ 18] P50 = Ak whe- 241727, 7175 A
A = A7 ZAHHE Blold(aspartate aminotransferase
[AST] =34, alanine aminotransferase [ALT] =39, YA: GGT=
71, 973 GGT 242)7-5-ofl skt 7987, o]l =5
W15 A ol A AL uid olear SE S 19 H S5 918
S AQ)S 2 A A 3,619 (A 1,354, 94 2,265
ol gt Aakg A & Abs AR ER Ak
Ao dBlel Sl wo 3E ARSI 2011-
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HdE Aol Bejd @yos & dd, AST, ALT, GGT,
alkaline phosphatase (ALP), & S| AHE, 11U = ATl (high
density lipoprotein, HDL) ZE|AHE, A=At (ow
density lipoprotein, LDL) ZEIAEIE, SAHS S0
=74 Alof BL RS 35 99| 4% Pureauto S GLUE ©]-8-3f
of ga¥ozn 248, ASTSF ALTE Pureauto S AST,
Pureauto S AITE ©]&3}o] UV Ho 2 GGT= Pureauto S GGT,
ALP:= Pureauto S ALPE o]-83F A% 0 &2 24819}, 3¢
2HE-2 Pureauto SCHO-N, HDLEZH| AE|E-2 Cholestest N
HDL, LDL 9| AHZ-& Cholestest LDL, 24 A& Pureauto S
TG-N (Daiichi Pure Chemicals Corporation, Tokyo, Japan)<
ARgStol mamog 2Asiglrh. 24 AHl= Hitachi 7600
(Hitachi high-technologies Co., Tokyo, Japan) AFs3} 8} 247
£ A8t

2o T R WS WA ] oS ol st 79 none, “d
13] vRb ol A “d 2~43) 0] -9 mild, ‘5= 2~32]' ¢} ‘5= 43 o]
G Sh= -9 moderate = w5734 TH S5 IS ofl ST
Sh= ¢ none, ‘13] 3 ~42F o]g}e] 79 mild, ‘13] 102 o3}
of fFs= ¢ moderate 2 E-F8FATk 2912 ¢ vl&ly}
TA FAA}, AR SRR FHESEATE

FRS% Framingham heart study [1515 53 A4 H 4= =
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SFeeh Aol A GGTAU/L) 3ol what AHE$14x(quartile) U]
0 2 LRl 1 GGT7182 10~20 1U/L, 21 ~27 IU/L, 28~
381U/L, 39~71 IU/Le| %l om, o4 9] 9-6~121U/L, 13~16
[U/L, 17~22 TU/L, 23 ~42 TU/Lo|git}. TAFEm s} 93017}
9 GGTY] A= Pearson’s A A%, dleof whs Bz o] 4}
°]+= Chi-square test, *3%01] T2 GGT 4221 A8 913 gol
ko] yEHAASe BAEM(analysis of variance, ANOVA)Z}
Scheffe AF-HAC. J, 3l B+ FERAXE FASIG L
A A A g A ol g3tairt. Amel gt FA
42 SPSS 17.0 (SPSS Inc., Chicago, IL, USA)S- ARE-3199.0.
DA 0.05 vleke] - f-of8t Zl o 2 g solrt.

.

rl

Table 1. The general characteristics of the subjects

Z

1. HAIXIO] Uik S

=

o] Wt AH2 52,44, 0192 51.1410191.0H, ARkl
*Rﬂ AZA] B G2 Aol A F-oJSkAl A Yrebsdth 35 2
2 99.8+22.5 mg/dL, AST 20.9+4.4 TU/L, ALT 19.9+6.9
IU/L GGT 30.7+14.1 TU/L, ALP 231.4+57.9 IU/L, 24 A 5
A7} 144.2+101.7 mg/dLE N4 2]k =90t & 29
2HES 194.0+37.7 mg/dL, TUEZYAHES 50.6+10.9
mg/dLE ool Al B A Lreld on, FA12 0 & o3t xto] 7}
At AEE FeAE S Al wE Kol & HolA]| ghotrt.
FRS=eA0ll41 5.0+3.4, 9140l 2.3+7.9, 109 52t
A== FAoA 10.948.5%, 434 7.0+5.2%= YERY 1
HAo] F-oJ8HA =4 Table 1).

rlo

—ll‘l

variables Total (N=3619) Men (N=1354) Women (N=2265) p-value*

Age (year) 51.6+12.7 52.4+12.9 51.1+£12.6 0.002
Height (cm) 161.4+8.6 169.4+6.2 156.7+5.8 <0.001
Weight (kg) 61.7%£10.5 68.4+10.0 57.7%£85 <0.001
BMI (kg/m?) 23.6%3.1 23.8+2.9 23.5+33 0.010
WC (cm) 81.0+x9.4 84.3+8.4 79.0+9.4 <0.001
SBP (mmHg) 118.3£16.9 120.2+15.4 117.2%€17.6 <0.001
DBP (mmHg) 75.9+9.8 78.1+99 74.5+9.5 <0.001
Fasting glucose (mg/dL) 96.8+20.2 99.8+22.5 95.0+18.5 <0.001
AST (IU/L) 19.8+4.4 20.9+4.4 19143 <0.001
ALT (IU/D) 17.2+6.5 19.9£6.9 15.6+5.7 <0.001
GGT (IU/D) 22.8+12.0 30.7x14.1 18.0+7.0 <0.001
ALP (IU/D) 223.1+758 231.4+579 218.1+84.4 <0.001
Total cholesterol (mg/dL) 192.4+36.2 189.7+£33.2 194.0+£37.7 <0.001
HDL cholesterol (mg/dL) 48.7+10.9 45.6+10.2 50.6+10.9 <0.001
LDL cholesterol (mg/dL)T 117.9+31.3 117.9+29.1 117.8+32.9 0.974
Triglyceride (mg/dL) 126.6£90.4 144.2+101.7 116.1£81.2 <0.001
Alcohol consumption (frequency)

None 1051 (29.0) 223 (16.5) 828 (36.5) <0.001

Mild 1938 (53.6) 675 (49.8) 1263 (55.8)

Moderate 630 (17.4) 456 (33.7) 174 (7.7)
Alcohol consumption (amount)

None 1037 (28.7) 217 (16.0) 820 (36.2) <0.001

Mild 1785 (49.3) 544 (40.2) 1241 (54.8)

Moderate 797 (22.0) 593 (43.8) 204 (9.0)
Smoking status

None or ex smoker 2988 (82.6) 827 (61.1) 2161 (95.4) <0.001

Current smoker 631 (17.4) 527 (38.9) 104 (4.6)
Framingham Risk scores (points) 3.3+6.7 5.0%3.4 23+79 <0.001
10-year CHD risk (%) 88+7.2 10.9+£8.5 7.0+52 <0.001

Data are presented as meanzstandard deviation or number (%).

*T test and Chi-square test were assessed for continuous and categorical variables, respectively.

TOnly 1184 subjects (n=506 in men, n=678 in women) among total subjects had data of LDL cholesterol (direct method).
Abbreviation: BMI, body mass index; WC, Waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; GGT, r-glutamyltransferase; ALP, alkaline phosphatase; HDL, high—density lipoprotein
cholesterol; LDL, low-density lipoprotein cholesterol; CHD, coronary heart disease.
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Table 2. Correlation coefficients between risk factors of coronary

2. TIALSOHZISE O|SIOIXIQ} GGTL| AFRFA| heart disease and GGT

Zkzte] A A5 9 BN T GGT 2 7k o] iep 4 variables Men Women
THEA AT} TRt oFo] A S Kol 3HE-S ALT 9omi(d: 1 palue v pvelue
Aol A 1=0.354. AN 1=0.446). Y H= EAR 0@ © ol Age (year) -0.053 0.053  0.236 <0.001
3l 354, o3l ), A B S A 08 refel Height (cm) -0.008 0772 -0.140 <0.001
ATHp<0.00D). A} - HIA FBAP=-0.05322 1 weight (kg) 0.193 <0.001  0.191 <0.001

2

Aafat EAQAHoT 314] oFo o] Ao BMI (kg/m") 0.236 <0.001  0.275 <0.001
R jﬂ ]ﬁ AR O RO S A A 0.253 <0.001 0301 <0.001
0.236 0 & F-oJ5t oFgt o] ATaA S Kol Ji ke xpol 7} 9l SBP (mmHg) 0.150 <0.001  0.231 <0.001
Ak GAlolA 917, 7], TUE ZHAHE, AUL Lo AH 2L DBP (mmHg) 0.193 <0.001 0.191  <0.001
B . N Fasting glucose (mg/dL) 0.120 <0.001 0.236 <0.001
ALt L 2] 2 A A 0 2 {5k O i ER Al AST (IU/L) 0227 <0001 0319 <0.001
7} -0.1~0.3 Afolo]| ZAste] okt AFahAd-S K Stk Table 2). ALT (IU/D) 0.354 <0.001  0.446 <0.001
ALP (1U/L) 0.047 <0.001  0.165 <0.001
Total cholesterol (mg/dL) 0.158 <0.001  0.194 <0.001
3. EH0IM GGT =20 [ME 201E EY HDL cholesterol (mg/dL) 0.039  0.150 -0.086 <0.001
LDL cholesterol (mg/dL)  0.040 0367  0.157 <0.001
W30l GGT (IU/L) p<oll whek ARE9lar(quartile) W1 w22 piigiyceride (mg/dL) 0252 <0001 0290 <0.001

2 UGS 0] GGTZIES 1 MG 10~200.2 358, 2 A

*Pearson’s correlation test.
See Table 1.

Table 3. Risk factors of coronary heart disease according to quartiles of serum gamma-glutamyltransferase level in men

1% Quartile 2" Quartile 3" Quartile 4" Quartile
variables (N=358) (N=342) (N=318) (N=336) pvalue* tp f(ér*
ren
GGT 10~20 (U/L) GGT 21~27 (IU/L) GGT 28~38 (IU/L) GGT 39~71 (IU/L)
Age (year) 53.0+13.9"7 53.9+13.17 51141237 51.4+12277 0015 0.014
Height (cm) 169.4+6.2" 169.1%6.2 169.8+6.5 169.4+5.9 0.583 0.744
Weight (kg) 65.1+89" 67.6+89" 70.5+11.5°" 70.8+9.7° <0.001  <0.001
BMI (kg/m?) 226+2.5" 23.6+2.77 24.3%3.0° 24.6+2.8" <0.001  <0.001
WC (cm) 80.8+7.9" 83.8+7.67 85.8+9.2° 87.0+7.4° <0.001 <0.001
SBP (mmHg) 116.0+15.8" 120.6+15.4" 121.5+153" 122.8+1417  <0.001  <0.001
DBP (mmHg) 74.6+9.4" 78.1+9.97 79.3+10.0™* 80.5+9.4° <0.001  <0.001
Fasting glucose (mg/dL) 97.0+20.2" 98.3+20.2" 100.4+205"T  103.6+27.77 0.001  <0.001
AST (IU/L) 19.7+43" 205+42"F 21.0+4.47 22.5+4.4° <0.001  <0.001
ALT (1U/L) 16.8+5.8" 19.0+6.17 20.6+6.8° 23.6+7.1" <0.001  <0.001
ALP (1U/L) 229345697 2314+563"7 226.1+56.2" 238.8+61.37 0.034 0.091
T-cholesterol(mg/dL) 180.3%31.1" 190.2+33.5" 193.4+31.5" 195543477 <0.001  <0.001
HDL cholesterol (mg/dL) 46.2+9.7 45.1+10.6 44,8+9.8 46.4+10.7 0.116 0.878
LDL cholesterol (mg/dL) 110.3+28.2" 123.1+27.9" 121.9+27.8" 116.7+31.0"T  0.002 0.115
Triglyceride (mg/dL) 107.9+74.1" 136.5+85.7" 1553+108.27 180.3+120.5°  <0.001  <0.001
Alcohol consumption (freq)
None 98 (27.4) 59 (17.3) 35 (11.0) 31 (9.2) <0.001  <0.001
Mild 195 (54.4) 190 (55.5) 155 (48.7) 135 (40.2)
Moderate 65 (18.2) 93 (27.2) 128 (40.3) 170 (50.6)
Alcohol consumption(amount)
None 97 (27.1) 59 (17.3) 33 (10.4) 28 (8.3) <0.001  <0.001
Mild 159 (44.4) 166 (48.5) 126 (39.6) 93 (27.7)
Moderate 102 (28.5) 117 (34.2) 159 (50.0) 215 (64.0)
Smoking status
None or ex smoker 248 (69.3) 213 (62.3) 181 (56.9) 185 (55.1) <0.001  <0.001
Current smoker 110 (30.7) 129 (37.7) 137 (43.1) 151 (44.9)
Framingham Risk scores (points) 444367 54+35" 52+3.17 52+307 <0.001 0.006
10-year CHD risk (%) 9.9+80" 1212957 11.0+7.9%7 10.7+83" 7 0.010 0.563

*ANOVA and Chi-square test were assessed for continuous and categorical variables, respectively.
51 post-hoc analysis by Scheffe.
See Table 1.
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=21 ~2720.8 3427, 3 AR 9= 28 ~38 2.2 318, 4 AR
©39~71.2% 336'0] itk

@0 A 71eF T e T AHES ALt
GGTA] 2t &-914= TF frofet Aol & Hlr A9 A g eEe
AHES GGT 289150l A A7 7H =8k o o] & Al &f ek 1t
A G52 GGT 42915 = 55 4|7 A) Lhebdeh ASTS}
ALTE GGT 45942 248 Sox]7) olx o Al B A}
GGT 1429159} 458914 71| Apo|7}F A0 SAH 0 & {25k
A1 71 Aoli= ALl A B F-816HA Yetsith. & Sl A8E0 %
/d;(]bﬂ— T3 GGT 45 H _‘?__7‘:}_’&_/‘,\_1]7}&-—_0}%1 [e) cq ,\]. S H /H
T 1E-9140F 2,3,4 w915 2H] Apo )7L A1 A 0 & 52519l

FEA A Al AR, slelEd, 5718, ol E
, 55 89 AST, ALT, ¥ S AHE, 4942 GGT =94
b moldaE A7 EolAle S EStkp for trend
<0.001). FRS®= 182915 4 47, 28914 5.44, 38-9145.24, 4
452802 yehg T, 109 A8 A3 s 1295
9.9%, 28-91 12.1%, 3531 11.0%, 45914 10.7%= YEh
GGT 2829150l frofshA s=8tthTable 3, Fig. 1A).

o oﬁ. i,

N

14

12 1721
0 < 107

8

6 — =0—FRS(point)

T ® 52

4 s —8—-10-Y CHD risk(%)
2

0

Q1 Q2 Q3 Q4
(A) GGT quartile

10
: w
_ :

6 - ’ i :0 54

4 R

2 /%'15 —o—FRS(point)

0 ~=10-Y CHD risk(%)
5 4/13

4

Q1 Q2 Q3 Q4
(B) GGT quartile

Fig. 1. Change of FRS and 10-year CHD risk according to GGT
quartile. (A) The FRS and 10-year CHD risk was the highest in
2" quartile (Q2) in men, (B) while being the highest in 4™ quartile
(Q4) in women. Abbreviation: Q1, 1% quartile; Q2, 2™ quartile; Q3,
3" quartile; Q4, 4™ quartile.
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4. 030N GGT =Z0f| [HE

o] Joll A GGT (IU/L) <ol wheh AR 914=(quartile) W] -2
2RSS GGT7 52 1 ARE= 6~125 5187, 13~162
T 6629, 17~228 5747, 23~42% 511g0]3ich

0144 9] ¢ 719} WU EFH AEHF2 129150l 7MY =2

FAE BN FAH R fofet Ko7k ek o o] 5 A efet
U A G2 GGT 489158 445 X7 45}”%9 for
trend <0.001). AF-2A A3t A, A-FA S, slelEd, 435

718, AST, ALT, Z/3 Aol Al ] 2271 A= B -of ek A}
ol7F A oH, A%, T A, ALP o A 1,259} 3594, 4
EAGTE foldt Aol 7k Itk FRSE 18915 -1.3%, 28295
1.69, 3895 3.7, 452915 5,48 0.2 YeRg, 109 A8
AR ST 189152 5.7%, 252914 6.2%, 35915 7.4%, 45-$]
4 8.2%= VeI B GGT 4291520l A] el otAl w2 A 3A
7} 299 eH(p for trend <0.001) (Table 4, Fig. 1B).

5. A0 ME GGT =X| 22
Aol w2t GGT ARE P2l 225 Al 23 3002 73

40%

35%
- 30%
5;1 25% - ot
S 20% -
;‘I 15% - "2
“ 10% - L "3
5% — Qs
0% -
30s 40s 50s 60s 70s
(A) Age group
40%
35%
- 30%
E\% 25% ot
S 20%
;',' 15% Q2
- 10% g3
5% Q4
0%
30s 40s 50s 60s 70s
(B) Age group

Fig. 2. Distribution of GGT quartile according to age group. In the
70’s, (A) there was the highest Q1 and Q2 in men and (B) there
was the highest Q3 and Q4 in women. Abbreviation: Q1, 1%
quartile; Q2, 2™ quartile; Q3, 3™ quartile; Q4, 4™ quartile.
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Table 4. Risk factors of coronary heart disease according to quartiles of serum gamma-glutamyltransferase level in women

1%t Quartile 2" Quartile 3 Quartile 4™ Quartile
variables (N=518) (N=662) (N=574) (N=511) pvaluet P for
trend*
GGT6~12 (IU/L) GGT13~16 (IU/L) GGT17~22 (IU/L) GGT23~42 (IU/L)
Age (year) 46.6+12.77 499+12.1°7 52.9+12.4° 551+11.8"  <0.001 <0.001
Height (cm) 157.9+6.0° 157.0+55" 156.3+57"1 1555+56" <0.001  <0.001
Weight (kg) 55.6+7.4" 56.8+8.4" 58.7+8.27 59.8+9.37 <0.001  <0.001
BMI (kg/m?) 2234267 23.0+3.27 24.0+3.2° 24.7+3.6' <0.001  <0.001
WC (cm) 752+7.97 77.5+897 80.5+9.0° 83.0+9.9' <0.001  <0.001
SBP (mmHg) 111241547 115.8+18.07 119.4+16.8° 122.8+180"  <0.001 <0.001
DBP (mmHg) 7154917 741+95" 75.4+9.47 77.1+9.1°% <0.001  <0.001
Fasting glucose (mg/dL) 90.1+13.2" 91.8+12.97 97.1+18.17 101.8+26.0°  <0.001 <0.001
AST (IU/L) 17.4+40" 18.5+3.97 19.7+4.2" 21.1+45" <0.001  <0.001
ALT (1U/L) 12.3+4.0" 14.6+50" 16.6+5.2" 19.2+6.1" <0.001  <0.001
ALP (U/L) 202.4+120.97 209.3+67.3" 2236+71.17 239.1+66.5°  <0.001 <0.001
T-cholesterol(mg/dL) 182.4+34.0" 192.5+36.07 198.3+37.7 202.8+40.4°  <0.001  <0.001
HDL cholesterol (mg/dL) 5201097 51.4+105" 49.6+11.0" 49.1+11.0"7  <0.001 <0.001
LDL cholesterol (mg/dL) 107.6+31.8" 119.7+32.27 120.2+32.47 123743347 <0.001  <0.001
Triglyceride (mg/dL) 88.1+48.0" 102.4+55.0" 128.2+78.7¢ 1487+117.4" <0001  <0.001
Alcohol consumption (freq) <0.001  <0.001
None 196 (37.9) 221 (33.4) 204 (35.5) 207 (40.5) 0.008 0.864
Mild 298 (57.5) 389 (58.8) 314 (54.7) 262 (51.3)
Moderate 24 (4.6) 2 (7.8 56 (9.8) 42 (8.2)
Alcohol consumption(amount)
None 196 (37.9) 216 (32.6) 203 (35.4) 205 (40.1) 0.012 0.795
Mild 284 (54.8) 392 (59.2) 317 (55.2) 248 (48.5)
Moderate 38 (7.3) 54 (8.2) 54 (9.4) 58 (11.4)
Smoking status
None or ex smoker 500 (96.5) 635 (95.9) 548 (95.5) 478 (93.5) 0.115 0.022
Current smoker 18 (3.5) 27 (4.1) 26 (4.5) 33 (6.5)
Framingham Risk scores (points) ~ -1.3+8.2" 16+7.77 3.7+7.4" 54+69" <0.001  <0.001
10-year CHD risk (%) 5.7+46" 62+46" 7.4+53" 8.2+58" <0.001  <0.001

*ANOVA and Chi-square test were assessed for continuous and categorical variables, respectively.
T8 Ipost-hoc analysis by Scheffe.

See Table 1.
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