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Alanine Aminotransferase as a Predictor of Metabolic Syndrome in Koreans

Ji Hae Kwon, Yong Seong Anl, Yang Ho Kang?, Seok Man Son?, In Ju Kimz, Yong Ki Kim?

Department of Internal Medicine, Ulsan Dongkang Hospital, Department of Internal Medicine', Busan Veterans Hospital; and
Deparment of Internal Medicine’, Pusan National University College of Medicine

ABSTRACT

Aims: Alanine aminotransferase (ALT) is associated with insulin resistance, and is independent of the
general metabolic measures. Gamma-glutamyltransferase (GGT) is regarded as a predictor of diabetes mellitus.
We analyzed which of ALT or GGT is better tool to preestimate the development of metabolic syndrome.

Method: A total of 1203 Koreans who visited the Institute of Health in Pusan National University Hospital
from January 2005 to August 2006 were enrolled in this cross-sectional study. Their median age was 51 years
old, and the prevalence of metabolic syndrome was 16.4% (n = 197). We excluded the subjects with diabetes
mellitus, hypertension and viral hepatitis or those subjects with a level of alanine aminotransferase (ALT) or
gamma-glutamyltransferase (r-GGT) > 80 IU/L.

Results: For all the patients in the metabolic syndrome group, the median homeostatic assessment of insulin
resistance (HOMA-IR), the waist circumference, the fasting blood glucose level, the systolic and diastolic blood
pressure were all associated with the ALT level (P < 0.05). For the nonmetabolic syndrome group, all the
metabolic risk factors were associated with the ALT level (P < 0.05). On logistic regression analysis, after
correction for age, alcohol intake, HOMA-IR and body mass index, the 1ogALT maintained a highly predictive
value for metabolic syndrome, and this was better than the logGGT [odds ratio (OR) of logALT: 18.489, odds
ratio of logGGT: 2.024] (P < 0.001). The risk of developing metabolic syndrome was significantly higher in
the above 50 percentile and the above 75 percentile of ALT than in the lowest quartile. [for men - OR: 3.6;
95% confidence interval (CI), 2.2-5.9; OR: 6.9; 95% CI: 4.3-10.9] [for women - OR: 2.7; 95% CI. 1.5-4.7,
OR: 6.5; 95% CI: 3.8-11] (P < 0.001). The cut-off value of ALT by the ROC curve was 24 IU/L for men
(sensitivity: 64.3%, specificity: 66%, negative predictive value: 99.5%) and 20 IU/L for women (sensitivity:
78.9%, specificity: 61.4%, negative predictive value: 84.9%).

Conclusions: Even although patients can have an ALT level that’s included within the upper normal level,
we may consider the probability that these patients will have metabolic syndrome. Furthermore, in our
analysis, the ALT level is a better predictor of metabolic syndrome than the GGT level. (J Korean Endocr
Soc 23:404~412, 2008)
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UAREET B aAEE, wds) adddd 5
o] FYUellA Ueh= delE ARy e g
ghe] f184g0] S7kE= Aol L 99 E L Shel1]
30T padsle] olelgt AEH 24F o9l vhE 3
HEl Q4-Fof] gk WAlo] A Frl=la Qe T
ZA(subclinical inflammation), W]A%F8 Xz (microalbuminuria),
gl v|gFA A F3Knonalcoholic fatty liver disease,
NAFLD) 5] thizle]rH2~3].

HSZA AR WA S (simple  hepatic
steatosis)FE] U AZFst AEIQl BIYEA AWISI(NASH,
Nonalcoholic steatohepatitis)”]—xl I He) vleksie, A
3k, 73k, aela 7S 2l o ok A¥EQ)
H|dEA AI7PAshs 2313 vdEA AE7ked 3hAjell
Al 1SS ol &, opslEEAleln| iAol aA
(aspartate aminotransferase, AST), Yehdopn|:=Zo|g4
(alanine aminotransferase, ALT), Z12]3L r-glutamyltransferase
(GG} 22 7HaAx]9] Aol &3] viehdel 71847
o] wHAHQ1 F7tell tigh 7k &R Alo] vlgEA Ak
Agtolm g 7HEAXE v|gEd A7l il Bat
3F ofIEFIALE oAAR| L 4]

H|AEA A7t A] diAs$e] i Eel S/
3 opel A7) Ak Bage] S dligshe Wl &
+o] Hrhe ARl At 2 dA dels~6]. = F7)
< 2417ke] A ATl dkjlellA] ALT 471 B
S oiFEhe IARlE HoFEa, GGTE A 2
ko] AdkgdS M= IAREA] QIAEle] ghom HE
GGTS} JxHe] Al 348 5712954 (persistent
organic pollutants, POPs)o] LA Fed-s vepiv= X
a7b FES R vk Qlehs]. 2l A 9k A E
7ol &3] AlefEl= AAelARE B RS SAll
S SR 97} B B ool AAES AR
2] Zchol] glo] ALTS}F GGTS] 243 nlarsled], 22
veke] dxt 2g Al o] &3] F4== ALTZF At
T3 7E] ddiFel Vofele AEE SERlsa dAS TS
odiZe 4 e ALTAE Lol ax} 39k

Chat 2 e

1. CHA

20053 1E5E] 20061 897HA] FAto e |dellA 717
A7E R 2040 o] 317 8,898%8 FollA] FaH,
adske] AAY e o ESE T ek oA Asle]
= 7= AlLIdL 498179 gte] 1R {55 2l
si3lek. G ZAellA HBsAg ARt anti-HCV ¥

N

X0,

A} AST == ALTZ) 80 IU/LS &AL X2 A
7] IAYES 7 FRAE ALldE 3,516701A4,
Jd 7} ErdeiA] ob2 7395 AL 1,203H(4 629
o, o34 5747)& Vo g whid dG-E ARl 4
7ol ) sk 3L ela ke ] 2vf
o] 7395 ALl AL, HAe}F BHE 75 o]
o 3]

B9E Al Sl BE dRE SIAZ i) B

1) MAAZ

7], AT, slelsd, 75719k o197 dgke AL,
A=A = A AlT-5 Sl Alke gt
7], AT Ars FA7IE o1&l slelEdle AR

oA Al 3912 ZAs

2) HAR ZAt

AST, ALT, GGT, 584, ¥ Zal=vlE, SAAY,
ISR Fall~EllE(high density lipoprotein cholesterol,
HDL-C), AMEXxH Z&|4E]E(low density lipoprotein
cholesterol, LDL-C)2 AFEsjshelRA7]  (Modulator
P800, Roche, Swiss) & 4}k

7rg Ao A= €4 AST 10~40 IU/L, ALT 6~40
IU/L, GGT 0~60 IU/Lo|YaL, Z47e] ka4 555 489
2 sl wlaslsich

S5FEL 39 £aFo R ERFsle] Group 0: HISFT
0 g/3D), Group 1: &2 SF74(F 1~23]), Group 2: Th
ZFo| S5 33] oo E sick
FAYE e £aFoe® BEFstol, Group 0: 3k ®

[e]

o

=
FAskA] &2 - Group 1: of[Ael] Fodgtk Ho| 9lor} A
& Fdsla Q= 7, Group 2: AF Fodsl = 2o
2 ARksISich

4) CHAIESZ==e| R

olrel #ghAde] R ZA] homeostatic model assessment
of insulin resistance (HOMA-IR)E o]-8&]90a1, A2l
o2 2vH9]. B2 automatic gamma counter (1470
WIZARD, WALLAC)Z Z4s9)c}

HOMA-IR: [fasting insulin (UIU/mL)
x fasting glucose (mmol/L)) / 22.5

HAZZETFS A9E, 20011 WES NCEP-ATP III
Ak7)F(10]0014 ERn]ut gEol g9l s e]Eal7]
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TS tidsle] Hnaks Aosiick Zgk 715 &
SalehedAlell A selEw] = 88 cm, AIRjllA] el =
83 cm), IFAAWEZ(> 150 mg/dL), A TLEA|HH
FHIAFEEEZEA A < 40 mydL, oAl < 50

mg/dL), TEH(> 130/85 mmHg), 32 FIH> 110
mg/dL) FollA] 37 &5 oS WA w2 slgict

5) SAHAE|

EAMPS 959 =2 PSS TZT1#(Ver. 12.0)% O]
L3l9c). oA e HEAX| e Bl ulE 7
7ke] EA 9] X}o|= independent t-testS} one-way ANOVA
test= o]-&slo] ZAABIL, ALTS GGT 4ol v viAt
S0 W 9ol oigl x| logistic regressions
o] gzle] Al FAKSE {28t Pk 0.05 w|Rk
oz sl

2 o
1. H&xE9 & EZ(Table 1-1, 1-2)

AA| A7 WA= 1,203 6297, o34 5747)0]
I tAESE o] e AR 1979 F AA] 16.4% (&
A1 10.4%, 914 5.9%)°ll shdstct

gzl Hit i 513404 242 51A)ela tiak
S37o] = T S5AIE, i ZHellA] Bl

Vg 429 HFZES ALT, AST, GGT7F ZH2h 24 + 12
IU/L, 24 + 7 TU/L, 31 + 32 IU/LYth tiAE3Fo] Zab
=l 739 ALT, AST, GGT+= 27} 32 + 15 IU/L, 27 + 9
IU/L, 45 + 36 TU/LEA] tiAg%0| gl 7399 247 22
+ 10 TU/L, 24 + 7 IU/L, 28 + 30 IU/LoY| v]&le] S-2JslA|
= TAE HIJTHP < 0.001). tAE$Fro] S E4 9
ALT, AST, GGT+= 33 = 16 IU/L, 27 + 8 IU/L, 49 * 39
IU/LE o§A2] 31 + 14 IUJL, 28 + 9 TU/L, 37 + 31 IU/L
ol] nlsled JA] Feogt AFE BrkP < 0.001, P < 0.05,
P < 0.001).

thE 24olAE, 57199 123.77 £ 19 mmHg, ©|<h
7184k 76.41 + 12 mmHg, HOMA-IR 1.24 + 1, A3
T 2414 + 9 kgm’, BIEH] 83.05 £ 9 cm, AL
12426 + 90 mg/dL, THUEAchY ZFH|AHIE 54.7 + 13
mg/dL, 5589 92.61 + 20 mg/dLo]rk

A Fedstar gl ARk 438%(36.4%)019T, ¥
7o) I ARke] 43.65%< 860l tHASEZ o] 9}
ek 5 13] o] S50l 9= ARE 5557(46.13%) &
2 I % 57.9%%0 1149o] thAE3ll slldslick

AAA, ARSI 5ol whE ARSI 918
459 HiAole SAHoE oulrh Qldckp <
0.05).

Table 1-1. Characteristics of subjects according to the presence of metabolic syndrome

Total Metabolic syndrome Nonmetabolic syndrome
(n = 1203) (n = 197) (n = 1,006)

Age (years) 5128 £ 9.3 549 + 89 50.6 £ 9.2
Smoking (1 or 2) N = 438 N = 86 N = 352

(36.4% of total) (43.65% among smoker)* (56.35%)
Alcohol (1 or 2) N = 555 N = 114 N = 441 (42.13%)

(46.13% of total) (57.87% among alcohol drinker)
SBP (mmHg) 123.77 + 18.58 142.08 + 14.39 120.19 + 17.15
DBP (mmHg) 76.41 £ 11.66 86.82 + 9.03" 7437 + 11.02
ALT (IU/L) 23.63 * 11.61 3247 + 1549 219 + 9.81
AST (IU/L) 2421 + 7.14 27.37 + 8.63 23.59 + 6.64
GGT (IU/L ) 30.92 + 31.84 44.69 * 363" 28.23 + 30.2
HOMA-IR 1.24 + 0.97 1.83 £ 1.31° 113 + 0.84
BMI (kg/m®) 24.14 + 2.84 255 + 29 23.88 + 2.75
Waist (cm) 83.05 + 8.76 90.33 + 6.84" 81.62 + 8.38
TG (mg/dL) 12426 + 90.41 188.46 + 105.58" 1117 + 81.5
HDL-C (mg/dL) 547 + 13.1 462 + 10.78" 5637 + 12.87
FBS (mg/dL) 92,61 + 19.57 106.62 + 26.98" 89.9 + 16.4

Data are means * SD. Smoking (0: no smoking history, 1: previous smoking, 2: current smoking); Alcohol (0: no alcohol, 1:

1~2 times/week, 2: > 3 times/week); ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;

DBP, diastolic blood pressure; FBS, fasting blood sugar, GGT, r-glutamyltransferase; HDL-C, high density lipoprotein

cholesterol; HOMA-IR, homeostatic model assessment - insulin resistance; PP, pulse pressure; SBP, systolic blood pressure; TG,

triglyceride. * P < 0.001, ¥ P < 0.05, metabolic syndrome vs nonmetabolic syndrome.
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Table 1-2. Mean difference of metabolic risk factors according to sex

Metabolic syndrome MEN WOMEN

(Yes or No) Y N Y N

Age (years) 537 + 8.8 50.6 + 9.4 569 + 8.9 50.5 + 9.1

Smoking (1 or 2) N = 81 N = 330 N=35 N =227
Alcohol (1 or 2) N = 101 N = 355 N =13 N = 86

SBP (mmHg) 1412 + 154 1224 + 162 437 £ 123" 118 + 17.8
DBP (mmHg) 87.6 = 9.6 763 + 10.8 854 + 7.8 724 + 10.8
ALT (IU/L) 333 + 159 23.1 + 9.6 31 + 147 20.7 + 9.8
AST (IU/L) 27 + 82" 24.1 + 65 28 + 94" 23 + 68

GGT (IU/L ) 49 + 385" 30.6 + 30.1 37.1+ 31" 259 + 30.1
HOMA-IR 19 + 1.35 12 +09 1.7+ 12 11 +12
BMI (kg/m®) 253 + 2.5 24 + 2.7 258+ 3.6 237 + 2.8

Waist (cm) 90.1 + 6.1 824 * 8.3 90.8 + 8 81 + 8.4
TG (mg/dL) 2024 + 117.2° 1229 + 71 163.7 + 75.6 100.5 + 89.4
HDL-C (mg/dL) 458 + 99" 56.5 + 12.7 469 + 12.1 563+ 13

FBS (mg/dL) 108.7 + 289" 91.6 + 17.4 102.9 = 22.9° 882+ 15.3

Data are means + SD. Smoking (0: no smoking history, 1: previous smoking, 2: current smoking); Alcohol (0: no alcohol, 1:

1~2 times/week, 2: >
DBP, diastolic blood pressure; FBS, fasting blood sugar;

triglyceride. * P < 0.001, ¥ P < 0.05.

3 times/week); ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;

GGT, r-glutamyltransferase; HDL-C, high density lipoprotein
cholesterol; HOMA-IR, homeostatic model assessment - insulin resistance; PP, pulse pressure; SBP, systolic blood pressure; TG,

Table 2. Pearson’s correlations between hepatic enzymes and metabolic risk factor in the presence and absence

of metabolic syndrome (Men + Women)

Metabolic Hepatic

syndrome enzymes Alcohol HOMA-IR BMI Waist TG HDL FBS SBP DBP

(Yes or No)

Y ALT  0.094 0.468" 0136 023" 0018  -0.009 0644  -0.175 -0.141"
AST  0.048 0.33" 0.149"  0.133 0.116  -0.075 0413°  -0.007 -0.01
ceT o021 0.206 0.057 0.125 0076 008  0419°  -0015 0.05

N ALT 0.097" 0.38" 0.146° 0276 0.112°  -0.112° 0.705 0.097" 0.084"
AST  0.062 0.24" 0078 008" 008 0.1 0.409" 0.117" 0.102"
GGT  0.075 0.216" 0081" 0.8 001 0.054 0308  0.083" 0.067"

* P < 0001, ¥ P < 0.05.

2. LS AX|Q} CHAISZR TARA ALOIS] 2HA| TEED FEI1Ed o]eky] "glollA TAPT 9dglon],

(Table 2)

WSFTol e el ALTE
.14_‘3’_0:11’/1- "‘* ]2‘)‘:101—31]. 019,],7]

1 2 0>
£ HYlw, ASTE 3289 ALPASR GGTE 359
3} FHAeA I3 WG Wk HOMAIRS Al
el R BFold Srlgli 548 Bk Wb
ToAE ALTS] 7§ £52, HOMA-R, ARSAS, o]
A TR, A TN P
F7199), 01918} Bl T} glglont, ASTE
SR, GOTE FAAYSES} IAEA ) Fel |
B4 B HolA ATHP < 0.05).

Aol apERe] S ARteldl ALTE: 1)),

x5 % HelE
Hsto] ool R

o =z

AST9} GGTE L45 % 353 T ou7t gldet
H TSl A = ALTS GGTE dl2lEdlet 8ol
A, ASTE UEAHY ZEl-elEa FE5gdollA A3t
AL 2u7t AACKP < 0.05).

oJAollM = ATl s TolldE Al Al a4
oA FEIeht ou|gls WAE Hrk vt
AE ALTE AEZY S 845 B5ellA] ou)zt
JAOLKP < 0.03), ASTE TUERARh Zal| ] ZoilA],
GGT FAAM RS} 7357] ols7|dstollA] AsbiAPE
SAH o E faslA 9k

3. ZaAx|9 ASERS 2
A BAEET ol et Tl Eg skl
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Table 3. Logistic regression between study variables and metabolic syndrome

Variables Odds ratio P

LogALT 18.489 < 0.001
LogALT -0.49 0.466
LogALT 2.024 0.022

This results are adjusted for age, HOMA-IR, BMI and alcohol.

Table 4-1. Risk for metabolic syndrome according to ALT levels

ALT level below
25 percentiles

ALT level within
25~50 percentiles

ALT level above
75 percentiles

ALT level within
50~75 percentiles

Men (IU/L) 6~17 18~22 23~30 31~77
Odds Ratio (95% confidence interval) 1 1.7 (1~2.8) 3.6 (2.2~5.9)* 6.9 (4.3~10.9)*
Women (IU/L) 6~15 16~19 20~25 26~77
Odds Ratio (95% confidence interval) 1 1.2 (0.6~2.3) 2.7 (1.5~4.7)* 6.5 (3.8~11)*
* P < 0.001.
Table 4-2. Risk for metabolic syndrome according to GGT levels
GGT level below GGT level within  GGT level within GGT level above
25 percentiles 25~50 percentiles 50~75 percentiles 75 percentiles

Men (IU/L) 5~15 16~23 24~41 42~389
0Odds Ratio (95% confidence interval) 1 1.7 (1~2.9) 32 (2~5.2)" 5.9 (3.7~9.4)"
Women (IU/L) 5~13 14~18 19~30 31~389
Odds Ratio (95% confidence interval) 1 2.4 (1.3~4.6) 3.1 (1.7~5.6)* 7.2 (4.1~12.5)*
* P < 0.001.

A3ll, A%, =579, AAZFAT, HOMA-IRE EASA L,
o] uwl logALTS] Z|HX|= 18.489(P < 0.001)°]3L
logGGTE 2.024 (P = 0.002)E, logALT7} thAEES7-9]
WS oi&ele ol U Egol ¥& & T Yl logAST
© sARH R Fo8lA] ekckTable 3).

4. 2t AXQ 422IZ0| CHSH CHAS| 2R &
H D= 2EM(Table 4-1, 4-2)

ALTEE 429zt BRste] 7P 42 I8 Ve
2 25~50 percentilex, 50~75 percentilew, 75 percentile
oldag wlwslgick 1 At Aol vl ALTZkO] E&
o5 AT v s s S7ksIitHodds ratio (A
277h, Wk 17 (1-2.8), 3.6 (2.2~5.9), 6.9 (4.3~10.9),
od7}: 12 (0.6~2.3), 2.7 (1.5~4.7), 6.5 (3.8~11)]. L&) &
] 77+ 50 percentileo]Jolld] A o Fofgt Kol &
HrhP < 0.001).

GGTZE 477k 2 B A W 22t 50 percentile ©]
Aol|A] 8203t 2ol HelrHodds ratio (AET7H, ¥k
1.7 (1~2.9), 3.2 (2~5.2), 5.9 (3.7~9.4), 17} 2.4 (1.3~4.6),
3.1 (1.7~5.6), 7.2 (4.1~12.5)] (P < 0.001).

5. LHAIS =T ZITH| CHEt 22 4X[9] JIE#k
(Fig. 1-1, 1-2)

ROC 45 o]-&3t tAgoll thek ALT 49| 7]
F26E gelsto] B, FAL 24 TUL (RIZEE 64.29%, &
o|% 66%, S4ZX] 99.5%)0]23L area under the ROC
(AUC) 7+ 0.701 (P = 0.001) o]lek o348 20 UL (1
5 78.47%, 5015 61.43%, SA9IZX] 84.9%), AUC %k
£ 0.747 (P = 0.0001)°|3ic} A7 71F3k ol4ke] ALTS
7HAE WA 2829olld] tiAESTE 8eHoE [HEDS
30.5%°1903L, ALT Zke] 20 TU/L o]de] o34l 282v0i|4]
AT 58HoE FHEDS 20.6%CN Zl3ict
GGT9| 745 dAelld 713k 36 TU/L (RIFHE 58.82%,
Eo| % 83.33%, 245X 98.6%)01903L AUC 3k 0.71
(P = 0.0033)0]%lc}. o342 26 TU/L (RIZHE 61.11%, S°]
T 63.71%, SAAZX] 782%), AUCZES 0.655 (P =
0.0001)013ict. AA] 713k o) 3ol FXIE 7HAlE A 195
ol tESEFS 71Ho s FHES 36.4%0]903, o
AollA= 1739 F 33HoE 19.1% 2 RIFck
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Fig. 1-1. Cut-off value of ALT according to sex (A: men, B: women) to preestimate the incidence of metabolic syndrome. A.
MEN The cut-off value of ALT about metabolic syndrome is above 24 IU/L. The sensitivity is 64.29% (95% confidence interval
55.3~72.6%) and the specificity is 66% (61.7~70.1%). The negative predictive value is 99.5% and AUC (area under the ROC
curve) is 0.701 (95% confidence interval 0.664~0.737) (P = 0.0001). B. WOMEN The cut-off value of ALT about metabolic
syndrome is above 20 IU/L. The sensitivity is 78.87% (95% confidence interval 67.6~87.7%) and the specificity is 61.43%
(57~65.7%). The negative predictive value is 84.9% and AUC is 0.747 (0.709~0.782) (P = 0.0001).

MEN WOMEN
A 100 B 5
80| -
& [
s o0 g e
£ 2
@ [
0w 40 § 40
20| 20
0 P T T T TN TN N Y TN TN N T U T A T O | 0 g g g 9 P q g p ] g g g gy
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

Fig. 1-2. Cut-off value of GGT according to sex (A: men, B: women) to preestimate the incidence of metabolic syndrome. A.
MEN The cut-off value of GGT about metabolic syndrome is above 36 IU/L. The sensitivity is 58.82% (95% confidence interval
33~81.5%) and the specificity is 83.3% (80.1~86.2%). The negative predictive value is 98.6% and AUC (area under the ROC
curve) is 0.71 (95% confidence interval 0.673~0.745) (P = 0.0033). B. WOMEN The cut-off value of GGT about metabolic
syndrome is above 26 IU/L. The sensitivity is 61.11% (95% confidence interval 53.6~68.3%) and the specificity is 63.71%
(58.7~68.5%). The negative predictive value is 78.2% and AUC is 0.655 (0.614~0.694) (P = 0.0001).

i
T~

il

n

WS 845 oA 35HGTHL 7P = A
WAIE Hoor st vhes AR AL 7S] B
 AFolA= o] 7HaaX] FollA] ALT, GGT, 12|31 39} SISl 1]

ASTS] tiAsS WAel] gt ol Fg dolHgel 1 WEFTe S diFsle AEE Ze =EEL
73 ALT7} 7P 522 7IdiAE HelaP < 0.001), GGT B d7telA] & = Qlek A3 758 2lel 2 &
] el AIE Hlont ALTel| vIX|A] Selslap = & 5(physical inactivity)[10], ZE2R1&%] 53} o=

0.022), AST+= BAISA] oulE ZA] Fsigiel. aelx WlEl(adiponectin) ¥ 7H41,13], 1&]3 =] F
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Aes ok 53l HelEEle AR, =l
CRP[14]°l] 3}t Z35o] iAotk GGTE] 73 Wit
FET ekl WA, ST 28 e
WAl Z5 TWAZE AEF Q743 Nakanishi 5{6]2
RByvh & ode=] ek ALTE] 7% Sattar 5512 4.941
7ke] A9} Anthony S{1]o] 5217+ TEZE Insulin
Resistance Atherosclerosis Study%—oﬂ/q tHAE S 2t o}
Yel g kel WAL ol dl ALTIL S83-8
wwela gk ALTE 7 Z4ulo] shsln qhaHe.
2 de] o= A2l JeomE v a840] &
A2 7]k
1 od7llA] 1ogALT+ logGGTell Hlall thAkg-$7-3 el
Z317)0ll ] Ego| e Zle g #ElE|9icKodds ratio 18.5
vs 2) (Table 3). ZFEA%9} lagsl A4 o w4
AzrAsite] AabiAls: 2ARE A Husd we,
Aol ARy P el WhAlellES flsle] ALTS}
GGTE BAloll 3 Ak AAd= E8bA] bk 22
Z F{710] 2947k A AFollA ALT S5 47e%
wWrole wlf 7 =2 wellA ARY el tigh Aol
Q=T folabAl 7R, GGTHY 2 A7 =3%a2
Failck e oA e oflZell glofA
Ha Foll o]=Fo] T ou|ole AFERIA | A= 9
o] YX|=]A] §k1 9lr}. Wannamethee 5151 THA <
Folll mEe] WAolA GGT7 ALTell B3l insulin
resistane®} CRPE HAs1E tEsita)l S o)
she O frel’h A3t Hokar WEEslgla, Andre[16] 62 3
WAzke] IS E dollA] ARY HarS oldske tASS
2] WellA] GGTE FAolA, ALTE oIAellA] om|9=
S7Fe Holvkar whgsiglont, oA ofE] xke HAs
W GGT+ 1 2w|7} Alidvhs 7]&e] Mg =] slof
WA Jhe Zeolrhie]. tisel = F719 A7l 4
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