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Abstract This study was conducted to investigate the association of serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) with all-cause mortality among populations. The data used were from a Korean
Genome and Epidemiology Study (KoGES) based on health examinations and questionnaires. The subjects consisted
of 10,110 persons aged 40 and over. Hazard ratio was analyzed using Cox's proportional hazard model. The hazard
ratio of AST (>50.0 IU/L) was 2.198 (95% CI: 1.217-3.971) after being adjusted for age, sex, education, regular
exercise, smoking, drinking, WHR, and TG. In conclusion, AST was an independent significant risk factor of
all-cause mortality, and ALT showed a tendency to increase. Overall, these findings indicate that AST and ALT may
be useful tools for predicting mortality.
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1.8 2 3}ed &A= aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase
b o 2 Aete] et SR8 AHEE= A (ALP), gamma-glutamyl transpeptidase (y-GT), bilirubin,

o] =& 20159 % Fuista EdATHA A el A .
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2.2.4 X|EEE, v-GT, 2A|2Zt A= HbA1c

A A4 E(lipid profile)> HDL Z#~HZ(7]15: 60
mg/dL ©]4), LDL Zel~EE(7]5: 130 mg/dl #I5h,
FAA(71F: 150 mg/dL V| triglyceride, TG)E A}
L35, 7|Ee TAo R AT ngge s i
a3tk y-GTE AAEAE 11-63 TUL, o=k 8-35
IU/L) 3 W%, 2A13F A% d3-2 75¢ B7-E 3-8k
AKoral glucose challenge) $-°] hexokinase methodZ
3 =49 & 140 mg/dL ™%, “140-199 mg/dL’,
200 mg/dL o]’ 2.2, HbAlcE A74(6.5% ®ITh), H]
B46.5% oIHLE Tkl AT

== =3
=20,
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ofstElolE o] ylo] fil
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el FRagh
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=3 2t

JATARE A 574, 17y, vinkA| s, Est, A2
H(lipid profile), HbAlc, 215 2417+ EH(PP2), ASTS}
ALT 59 5ol W& A& (death rate)] 2Hol= 7}
olAlw AR ARESte] HlaLstow. T A ZAL o] %
AR o] R e
S 0] 839 9)3H](hazard ratio, HR)Z AX8ItE &
o s EA A FAN R foek MFER BAG
delol A AST9} ALTS] BARE 805 131k &

AAC AL p<0.05 FEolA AR

Cox’s proportional hazard model

3.2 o
3.1 UTAIBIEN SNl M2 MUET MY
CEL

A AMTEL 654 o)/de] 8.1%E 644 ©]3}e]
2.4%0] Hlake] E=4ka(p<0.001), A APEES FAp}
6.3%= 32} 1.7%°l H5ke] EUTHp<0.001). WS
o M2 APLEL 2ZE o517} 42%F F1E(2.8%), U]
£ o] 1.3%¢°l Hlske] E=%3(p<0.001), L5l wp&
APGES 1007 1|ko] 4.8%Z 100-3009H 2.1%,
3009H ©]% 0.9%0l Hlgte] E=ATHp<0.001). +A H
Hol w2 APEEL 2ol7t §1ItH(Table 1).

AP EH = AEER 644 o]EE 7]EHS 1) 65
Al o)A 3.4491)(95% CI: 2.802-4.245) =9kl
2y oqxk 71EA EAPE 3.79381(95% CL: 3.015-
4.770), ASHZE= UF o 7|EAl 2F o]} 3.258
w(95% CI: 1.676-6.334), 1% 2.112¥1(95% CI:
1.065-4.190), BFAH 2= 3009+ o4 7]5=A] 1004t
£l m)ko] 53571)(95% CI: 2.648-10.837), 100-300%F
o] 2.35610(95% CI: 1.131-4.906) =kt

3

3.2 UZAE}t AEY A ME AMYED A

A} 2.2%¢l H3ke] E=THp<0.001). S0 5-H A
& A A 6.1%, AA FTA 4.3%, ¥TA

2.6%% Sl wel 2] 7} A THp<0.001). 2EH X~
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Table 1. Death rate and hazard ratio of total mortality by general characteristics

Unit: Number(%)

Alive' Dead' Total Hazard ratio 95% CI of HR
Age (years)m
<64 7,885(97.6) 195( 2.4) 8,080(100.0) 1
=65 1,866(91.9) 164( 8.1) 2,030(100.0) 3.449 2.802-4.245
Gender™
Male 3,832(93.7) 257( 6.3) 4,089(100.0) 3.793 3.015-4.770
Female 5,919(98.3) 102( 1.7) 6,021(100.0) 1
Education”™
<Elementary 5,818(95.8) 256( 4.2) 6,074(100.0) 3.258 1.676-6.334
Middle & high 3,214(97.2) 91( 2.8) 3,305(100.0) 2.112 1.065-4.190
>College 676(98.7) 9( 1.3) 685(100.0) 1
Monthly income (10,000won)”™"
<100 4,763(95.2) 233( 4.8) 5,001(100.0) 5.357 2.648-10.837
100-300 3,040(97.9) 66( 2.1) 3,106(100.0) 2.356 1.131-4.906
=300 875(99.1) 8( 0.9) 883(100.0) 1
Past medical history
No 3,261(96.5) 118( 3.5) 3,379(100.0) 1
Yes 6,359(96.5) 233( 3.5) 6,592(100.0) 1.013 0.812-1.265
Total 9,751(96.4) 359( 3.6) 10,110(100.0)
™ p<0.001, ¥ Missing value excluded from results
FEE ] 4.0%, A AEAST 3.9%, 19 APEENE A 2 oFEE ET VEA

AT 35%E 2EdHs o wEk 2oz §ldch H]

(Table 2).

Table 2. Death rate and hazard ratio of total mortality by lifestyle and stress

0] 1.58141(95% CI: 1.209-2.068) =k1, &9
2= HFARe vls] BA FAAF 3.23681(95%

Unit: Number(%)

Alive' Dead' Total Hazard ratio 95% CI of HR

Regular exercise

No 7,212(96.1) 294( 3.9) 7,506(100.0) 1.581 1.209-2.068

Yes 2,539(97.5) 65( 2.5) 2,604(100.0) 1
Smokingm

Never 6,954(97.8) 157( 2.2) 7,111(100.0) 1

Past 1,279(93.0) 96( 7.0) 1,375(100.0) 3.236 2.511-4.170

Present 1,485(93.4) 105( 6.6) 1,590(100.0) 3.043 2.377-3.894
Drinkingm

Never 5,090(97.4) 134( 2.6) 5,224(100.0) 1

Past 693(93.9) 45( 6.1) 738(100.0) 2414 1.722-3.384

Present 3,960(95.7) 179( 4.3) 4,139(100.0) 1.698 1.358-2.125
Stress(PWI score)

Healthy(0-8) 48(96.0) 2( 4.0 50(100.0) 1

Potentially stress(9-26) 2,486(96.1) 100( 3.9) 0.963 0.237-3.903

High risk stress(=27) 6,849(96.5) 245( 3.5) 0.859 0.214-3.453
Total 9,751(96.4) 359( 3.6) 10,110(100.0)

. p<0.001, T Missing value excluded from results
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CL. 2.511-4.170), &A FA2 1.698(95% CL:
2.377-3.894) E%oM, 55 ARERE= HSFAL VE
Al A 52} 2.4149(95% CIL: 1.722-3.384), A &
2} 1.69841(95% CI: 1.358-2.215) =4tk

3.3 H|ZHYENQL HfrZo0f| ME AIUED AL
s e

AAZA ol 2 APTELS AAFo] 11.6%= 374
4.6%, BAZF 3.0%, HITE 2.6%°] H|3}]
(p<0.001), WHRZ A4 ARE9IF 4.9%, Al ARE91T
4.4%2 A2 A 3.4%, A3 ARG 3.5%0] B8}

o
=L

o] #kOoM(p<0.001). sle]=e, 5712%k, oled

&, 5ol weEtA e AbgEel 2hel7t §IUtH(Table

3).

o

3.4 X|EME, ZO-GT, 2A1ZF AS &g
HbA1cOll M2 AILEut AILIEH]|

HDLY| w2 AMGES 730l 42%=Z 1174 3.0%
o] H]ake] =9k (p<0.001), LDLE AAto] 3.9% 1]
3% 3.0%Ech o8 =kthp<0.001). 1Y TG
= HAAo] 44%2 A4 3.0%E 0 E9k3(p<0.001), v
-GTE W7g7do] 54%= A 3.1%0 vlste] =3k
(p<0.001). HbAlcE Bl 4.1%Z A4 3.4%HT}
E=9F1(p<0.05), PP2E 200 mg/dLo] 6.2%, 140-199

Table 3. Death rate and hazard ratio of total mortality by body composition and level of blood pressure

Unit: Number(%)

Alive’ Dead’ Total Hazard ratio 95% CI of HR

BMI (kg/m2)”™"

<18.5 160(88.4) 21(11.6) 181(100.0) 2.603 1.645-4.117

18.5-22.9 2,921(95.4) 140( 4.6) 3,061(100.0) 1

23.0-24.9 2,332(97.0) 71( 3.0) 2,403(100.0) .642 0.483-0.855

=>25.0 3,897(97.4) 102( 2.6) 3,999(100.0) 552 0.428-0.712
Waist to hip ratio (WHR)W

<0.841 2,354(97.8) 53( 4.4) 2,407(100.0) 1

0.842-0.881 2,325(96.6) 83( 3.4) 2,408(100.0) 1.577 1.118-2.227

0.882-0.919 2,306(95.5) 84( 3.5) 2,390(100.0) 1.609 1.141-2.269

>0.920 2,364(95.1) 121( 4.9) 2,485(100.0) 2.244 1.625-3.099
Waist circumference (cm)

<77 2,321(96.9) 75( 3.1) 2,396(100.0) 1

78-83 2,409(96.5) 88( 3.5) 2,497(100.0) 1.126 0.828-1.533

84-88 2,076(96.5) 76( 3.5) 2,152(100.0) 1.131 0.822-1.556

>89 2,657(96.0) 110( 4.0) 2,767(100.0) 1.277 0.952-1.713
Systolic blood pressure (mmHg)

<120 2,265(96.8) 74( 3.2) 2,339(100.0) 1

120-139 4,124(96.4) 154( 3.6) 4,278(100.0) 1.139 0.963-1.503

=140 3,284(96.3) 126( 3.7) 3,410(100.0) 1.172 0.880-1.562
Diastolic blood pressure (mmHg)

<80 3,189(96.6) 111( 3.4) 3,300(100.0) 1

80-89 3,133(96.6) 111( 3.4) 3,244(100.0) 1.018 0.783-1.325

=90 3,347(96.2) 131( 3.8) 3,478(100.0) 1.123 0.872-1.447
Level of blood pressure

Normal 1,731(96.9) 56( 3.1) 1,787(100.0) 1

Prehypertension 3,537(96.5) 128( 3.5) 3,665(100.0) 1.117 0.816-1.529

Hypertension 4,405(96.3) 169( 3.7) 4,574(100.0) 1.183 0.875-1.601
Total 9,751(96.4) 359( 3.6) 10,110(100.0)

*xx: p<0.001,

+ Missing value excluded from results
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mg/dL 4.8%, 140 mg/dL V%t 2.7%Z PP27} £&4=
AFgE 0] 3= TH(p<0.001)(Table 4).

APE-913H]) = HDLOA H)7824ke] HRo| 0.700(95%CL:
0.569-0.863) .= A H|slo] $&o] 74l LDL
T HlAAro] 0.761(95%CL: 0.606-0.955)% 7438151
TGE= H]AA o] 1.50181(95% CI: 1.220-1.847), v-GT+
1.76811(95% CI: 14132214y, PP2E 140-199 mg/dL
oA 1.78141(95% CI: 1.391-2.281), 200 mg/dL 2.307
H1(95% CI: 1.727-3.082) 2 Fko] 5712 Aol 1|
ste] ARLET}E oAl AES BT

3.5 ALT2} ASTS| &0 [ME AfUEt A
L

ALT 92 AH4ES 19.0 TUL 2.7%, 20.0-29.9

IU/L 3.6%, 30.0-39.9 TU/L 4.8%, 40.0-49.9 TU/L 3.9%,

50 IU/L o) 5.7%= ALT7} 271848 Alggo] =

oAl AES HPYa(p<0.001). ASTE 19.0 IUL

1.8%, 20.0-29.9 IU/L 2.9%, 30.0-39.9 IU/L 4.7%,

40.0-49.9 TU/L 6.1%, 50 TU/L ©]’ 9.8%=% AST7} &
NNEFE ATREOl molAle AEgS HTh(p<0.001)
(Table 5).

AP EHIE ALTOA 19.0 TU/LS 7158154 )
20.0-29.9 IU/L  1.328%(95% CL:  1.032-1.710),
30.0-39.9 TU/L 1.76680(95% CI: 1.293-2.412), 50 IU/L
o] A} 2.10091(95% CI: 1.444-3.085)= 40.0-49.9 IU/LS
Aatil mF FAXNCE FoJatA AP LTt =9
ASTE 20.0-29.9 TU/L 1.616%1(95% CI: 1.061-2.549),
30.0-39.9 IU/L  2.6449(95% CL:  1.695-4.122),
40.0-49.9 TU/L 3.46240(95% CI: 2.028-5.911), 50 TU/L
o] 4} 5.68111(95% CI: 3.503-9.212) % AST7} Z7}at
E HRo| Eolx& A4S HAch

3.6 2 HY = ALTRl AST| =0
e A At 2{=H|
Cox 2| proportional hazard model2] T & F-4]0]| A

FAHOR fela 9, Ay, ug, 959, 1A

Table 4. Death rate and hazard ratio of total mortality by lipid profile, Gamma-GT, 2-hour postprandial glucose,

and Hemoglobin Alc

Unit: Number(%)

Alive’ Dead’ Total Hazard ratio 95% CI of HR

HDL™

Normal 4,509(95.8) 198( 4.2) 4,707(100.0) 1

Abnormal 5,238(97.0) 160( 3.0) 5,398(100.0) 0.700 0.569-0.863
LDL’

Normal 6,264(96.1) 252( 3.9) 6,516(100.0) 1

Abnormal 3,483(97.0) 106( 3.0) 3,589(100.0) 0.761 0.606-0.955
TG

Normal 6,029(97.0) 185( 3.0) 6,214(100.0) 1

Abnormal 3,718(95.6) 173( 4.4) 3,891(100.0) 1.501 1.220-1.847
GGT™

Normal 7,817(96.9) 248( 3.1) 8,065(100.0) 1

Abnormal 1,930(94.6) 110( 5.4) 2,040(100.0) 1.768 14132214
HbAlc

Normal 8,178(96.6) 291( 3.4) 8,469(100.0) 1

Abnormal 1,573(95.9) 68( 4.1) 1,641(100.0) 1215 0.933-1.582
PP2 (mg/dL)™

<140 6,847(97.3) 193( 2.7) 7,040(100.0) 1

140-199 1,833(95.2) 93( 4.8) 1,926(100.0) 1.781 1.391-2.281
>200 906(93.8) 60( 6.2) 966(100.0) 2307 1.727-3.082
Total 9,751(96.4) 359( 3.6) 10,110(100.0)

*; p<0.05, ***;. p<0.001, ¥ Missing value excluded from results
GGT(IU/L) Normal: 11~63(Men), Abnormal: 8~35(Women),

99

HbAlc Normal: <6.5%, Abnormal: >6.5%
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Table 5. Death rate and hazard ratio of total mortality by aminotransferases (ALT, AST)

Unit: Number(%)

Alive' Dead Total Hazard ratio 95% CI of HR
ALT (UL)™
<19.0 3,988(97.3) 112( 2.7) 4,100(100.0) 1
20.0-29.9 3,470(96.4) 130( 3.6) 3,600(100.0) 1.328 1.032-1.710
30.0-39.9 1,219(95.2) 61( 4.8) 1,280(100.0) 1.766 1.293-2.412
40.0-49.9 492(96.1) 20( 3.9) 512(100.0) 1431 0.889-2.303
>50.0 578(94.3) 35( 5.7) 613(100.0) 2.110 1.444-3.085
AST (IUL)™
<19.0 1,372(98.2) 25( 1.8) 1,397(100.0) 1
20.0-29.9 5,684(97.1) 168( 2.9) 5,852(100.0) 1.616 1.061-2.549
30.0-39.9 1,801(95.3) 88( 4.7) 1,889(100.0) 2.644 1.695-4.122
40.0-49.9 450(93.8) 29( 6.1) 479(100.0) 3.462 2.028-5.911
>50.0 440(90.2) 48( 9.8) 488(100.0) 5.681 3.503-9.212
Total 9,751(96.4) 359( 3.6) 10,110(100.0)
wkk: p<0.001, ¥ Missing value excluded from results
el &%, §9, &7, WHR, HDL, LDL, S4A, v 4. T
-GT, P25 W& Aelol 4] ALTS} ASTS] F58 9]
w83 2ri(Table 6). ASTS} ALT+= {F A9ks dldshs Sa3h a4 &
ALTOA 19.0 TULS 71538k9S 1 20.0-29.9 TU/L &5 vk A AtellA o]d Zago] A AR,
0.9434), 30.0-39.9 TU/L 1.025W, 40.0-49.9 TU/L 0.922 5= 574 Agke] AP} o] & o By
W), 50 TU/L o4 1.247W) 2 B5% S48 Sole] AA AL AL, 2], - AellMs= ofdd sddo] T3kl
nzo] e BT ASTE 20.0-299 TUL 1.137d], Aok 9 Ao e gk & A+t of 84kt
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Table 6. Hazard ratio of total mortality (95%
confidence interval) by level of
aminotransferases (ALT, AST)

95% CI of HR

Hazard ratio

ALT (IU/L)
<19.0 1
20.0-29.9 0.943 0.705-1.262
30.0-39.9 1.025 0.706-1.488
40.0-49.9 0.922 0.541-1.569
>50.0 1.247 0.784-1.986
AST (IU/L)
<19.0 1
20.0-29.9 1.137 0.701-1.845
30.0-39.9 1.290 0.767-2.172
40.0-49.9 1.409 0.755-2.630
>50.0 2.198 1217-3.971

Adjusted for age, sex, education, income, regular exercise, smoking,
drinking, WHR, HDL, LDL, TG, GGT, and PP2
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