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o] A= el o dEkATel FE Ul 2,384,045 (Extended
KCPS) Z 1996~20033@7kA] Ad o2 A% #HRlo] Fojste] I3 6T SAHAZS
B3k 558,446W 5 HFT A7 o= Slnt. 12 (1996-1997 )~
(2002-2003)E €A GGT #AAS L7l #1% 7Igtem a1, JosiFA
R E(GBIN) T shuel FAAITEA(LCGA) S Aldste] HFA o2 AW
of wet Zh2h 7 2w o R dAE EReT. ERE FH GGT Al o

212D WA UE 4L g8 T4 w0y B A8,

A7A}

of AFelA 204 o g 4 diol el 27 FAAFEA (LGS N B
Az, Akl w2 @Y 6o A oA meh 12D WA AFES] o]
g nglom, Wi BE @Y 619 ARAF 1S olgslud dF Gl
Aol WE TFS ol §F AsA ww fRo] WE 12D WY AW Fuo
L olde] BAATEA A Zo] BH (G17} e A
ATANE dRE s 12D WA ABE v agel e okl ng
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AGFAFARGPEEGBIDS 488 A5}, wwst 120 24 S99
A B T BEY Fo E3E Hsgon, o YA o A
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L a3 R 284

Gamma-glutamyltransferase(GGT) &= = ZF ujo] Wo] FE¥E3sa lom
(Kristenson H et al., 1985), AA| ujo] Atststdnkgol 5
E Aol gaksl B9 FFEE] 2 (glutathione)d HAE U 258 §X3t=
=83 9&S st} (Forman et al., 1997). @34 GGT &%= (Circulating serum
levels)= ¥z Aqto A FiH HAA (prediabetes) 2} A28 i H (Type 2
diabetes, T2D)¢] #19 F7kek #do] e Aoz dHA e, T

Hel Ay 7)Ao E= Aksl AE# A (Oxidative stress) ZS Q¢lo] x 3ty
o AR AFoAE dFH GGT7F Oxidative stresse] Z7] vbA o 4 dvtx

B
A ors] o] grh(Kim et al., 2006; Han et al., 2006; Park et al., 2014).
e d AAHoR 7Hg S5 gAbgd AsE Fo shvtoln, 1® g
sl-&2 38 F7bskar 9)al(Shaw et al., 2010; WHO, 2015;

CDC, 2016), A2l Z7]d wEIGAo|= A% = Prediabetes +HE T3
8] F7Fskal Aok

(Dabelea et al., 2009). AAZ =717} SFxAL w
=29, =] I FHE] A R d Aol & Srbekgian, 20154 V1=

S By 2 gy A WA S R 1829308 Wl o2 A
=

© % vpehrh(A ehel R 2016)
g Here A2d P (12)e] & geldl Adew, o AEe o3t

W AT, FEsE ol yX] HFHF L AlA vEEe diH A o] gl
o (Maskarinec et al., 2009), BxH WAE Z7ld+=

[e)
&
H]Eske] mIRkQlIT-e] S717F 7 T83F 98-S sk dowm HaHA s



dl(Mensah et al., 2004), A10¢ ohehv]wkels] (Korean society for the
study of  obesity)e] x| w=w, I AJoleo]l M| vhE(25kg/m’ <
BMI<30kg/m*)& 32.4%=, 3% 19Wo] W|ukel Hoz yebgrh, =3, &
10:7H(20061-20151) -2 vheh 35w e (BMI > 30kg/m*) & 2.3%l1 41 4.2%
= e SUkeklew, 53] vl vRkRlgrel A 1.8vje] Fw Ewk
A E B (e, 2016).

olfg I GGTe] AEeA 7[ds 7Iwo = A2d =W (T2D)#He &4
ol Al vk el o g
B vRkrel whey 97 GeTeF A2® Fr (T2D) Aol o] #ad Ao 2 ied
ol ztolE Holm | SWFAE A GGI7F B Al Ae #A-dgdo] §
At oF5hA B th(Lee et al., 2003a; Lee et al., 2003b; Lee et al.,
2004; Lim et al., 2007). SFAIRE o]2f3t Ag-5elA wEE wo2g2 F2
W7 3 AMIIES ddo® o dAFEe|dom(Lee et al., 2003a;
Lee et al., 2003b; Lee et al., 2004), H|gFe] Ao glo] MAlE= t}
2 5¢UEs g E 3 d7e =5 o] AT oldd A 6T A2

g (120) ko] Aelsts 71} mjgk 5ol wE zjeld x23& stEo

)

A Aol 2HS BE 7 FH ATES

olo} rlEo] HYUFAFARIWHE(GBIM, Group based trajectory
modeling methods)& &8sl A GGT F4 & 7] &< Al & &
ol Wst S Fotsta 1o wEl Hds] fdAE Skl AT
2lo ™ (Jones et al., 2001; Frank et al., 2002; Nagin et al., 2010), & <&
o|F o] &3 v Hk AUt @s] o] FoyA| AL Uth(Zheng et al., 2013;

Dhana et al., 2016; Hulman et al., 2017).
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o] Aol =91 F(Source population) 1992 WX-E] 1995 W7IAE 7]
HEzAA o2 &b b=l b o A5H(KCPS, The Korean cancer
prevention study) tArA} 1,329 525 o]}, k¢l oF ofu} Ao ot A
A A ol Aol Aol dti(Jee SH, 2004; Jee SH, 2006). o] A
of A= = o AT FAE HAAEA 1992-1999A 74A] £
§F 2,384,045 WS o= 3H3lom (Extended KCPS), T-AI#Q1 A+ =
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rlo
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1. 9479 &
Assessment of change of
serum GGT patterns
— (among individuals free T2D)
l 1]
96 97 98 99 00 01 02 03 04 05 - 12 13 14 15
l ] | ] | ] | |
£ * * *
wave1l wave2 wavel waveT

Adjustment for comorbidities
and health factors

Among participants with
measured GGT available for atleast
once visitduring 1996-2003

N =708,234

Figure 1. Study design
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MIVERSITY

FLIHSED L
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Participants with measured
GGTavailable foratleastonce

visitduring 1996-2003

i Age<20yrs (N=967) R
T2D cases before enrolled (N=762)
Prevalent T2D, hepatic disease or
any cancer (N=14,740)
16<BMI<100 (N=2,667)
Qutlier of lab data or missing age
\ group information (N=102,899) _/

4 Death cases )
(M: N=232, W: N=17)
Prevalent T2D
(M: N=25,375), W:N=2,129
during GGT trajectory period

\_ (1996-2003) S

Figure 2. Flow chart of the participants
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. AAAS 2 AHAL
2AF3 AFe A7 SAVVE ARgete] A4 SA4E s Aol Abgs)
Att. A A A4 (Body Mass Insex, BMI)E A (kg)ol A4S wg 2 3kakeh
ol AF(m)o® rolg AAsldar, 9 oA E AHelA £E%7] g
oh, ol¢t7] s SASAT. BE A= 1243 o) F4] Fof daS
AFste] AR FT Pst 0xR YBAAT. FFd2HE(Total

cholesterol), AW (Triglyceride), 9 A Tl ) 2~ B 2 (High

O:
N

density lipoprotein cholesterol), &% 389 (Fasing glucose)& H|E3F 7+a
%~ (AST, Aspartate aminotransferase; ALT, Alanine aminotransferase), &
Zd GGT(Gamma-glutamyltransferase), SL4F(uric acid), WBC(White Blood

Cells), C-RE-SA M (CRP, C-reactive protein) &< 433t

B AT A% BA4E Aud 5408, 98), 4 FHED, o3,
%), APAAARRA $5719e, FRIY A £ A
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A (LCGA) 718 Nagin 5ol & 1 o]&o] Txsto] ghom FA Z
B SAS AXES] proc trajub Stata AZEO]] Trajo] F= 2:<lth
(Jones et al., 2001; Nagin et al., 2010). o] AT &= SAS AT E o]
proc traj= A &85},

FAASEA(LCGA) IRl A= dlolg o] F2lo] we} &4 A Z}7] v&
2YE A&, oy ARAANE =2 2A 7|¥ 2¥ (Logit-based

model)S A&t , HEl5HA AS 7+23 A= (Psychometric scale data)
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covariates trajectories dependent
covariates

Figure 3. Basic assumption of group-based trajectory modeling methods

%
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A3t} (Jones et al., 2001; Nagin et al., 2010).
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Figure 4. Basic assumption of group-based trajectory modeling methods

in the study
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. 9+23%

1. AT g AuE 54

558,466 < HZF WA Y T IEA7F 433,697 (77.7%) o= oA}
(N=124,749, 22.3%)Evt Wtow, FatAd®S wAH44.39£8.134) 7 o=}
(39.80+7.134) Bt Fdtt. A4 thdAe] 1AF(vavel) 7 GGT H &
F27F 35.73+£37.8(U/L), A=bol A 13.70+10.42(U/L) QL aL, 425 (waved) ol
ME G27F 46.98+48.44(U/L), A4 16.86+14.74(U/L) & B K7
A7 Bdvh meh, w3k ofx RFEolA 1AE(wavel) ol A AxbE
(waved)7hA] 83 GGT A& we} TBIGy #5789 S71s B
(Table 1).
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Table 1. Basic characteristics by gender at year Oand year 8

Men Women
N=558,466 N (%) 433,697 (77.7) 124,749 (22.3)
Mean=®SD
GGT*, U/L at year O 35.73 £ 37.8 13.70 £ 10.42
at year 8 46.98 + 48.44 16.86 £ 14.74
Log GGT*, U/L at year O 1.43 + 0.30 1.07 £ 0.23
at year 8 1.55 £ 0.30 1.16 £ 0.21
BMI', kg/m* at year 0 23.43 + 2.58 21.23 + 2.41
at year 8 24.31 £ 2.71 21.93 £ 2.63
Fasting glucose, mg/dl at year O 89.2 £ 14.4 84.87 £ 11.39
at year 8 91.9 £ 19.7 8591 + 12.17
Systolic BP*, mmHg at year O 121.27 £ 13.64 111.56 £ 11.82
at year 8 125.41 £ 16.07 114.12 + 16.23
N (%)
Age, years, at year 8 <30 7,285 (1.7) 4,220 (3.4)
30-39 121,481 (28.0) 61,767 (49.5)
40-49 187,718 (43.3) 45,428 (36.4)
50-59 100,868 (23.3) 12,210 (9.8)
60+ 16,345 (3.8) 1,124 (0.9)
o gle{;r;ggstatus’ n (%) Former 86,295 (19.90) 741 (0.59)
S;gf;} 180,736 (41.67) 267 (0.21)
Etﬁé‘léé?ggstatus’ n (%) qurrent 318,133 (73.35) 25,109 (20.13)
Regular exercise, n (%) yeg 202,846 (67.52) 46,546 (37.31)
Tvpe 2 diabetes, n (%) 115,553 (26.64) 12,571 (10.08)
Impaired fasting glucose,
n (%) at year 8 34,859 (10.89) 2,992 (2.53)
(N=438,253)
*GGT, gamma-glutamyltransferase; 'BMI, body mass index; ‘BP, blood

pressure

_19_



2. FAAASEH(LCGA) 234

T Ad 23 (CNORM) S F3sto] dAgidAtEel tsle] 1996-1997\ 12}

(wavel)F-E] 2002-2003 425~ (waved)7-A12] @ GGTol|l thgh A Al 54
(LCGA) & AAIEA T, AAASTEAWLCGA) Ay 2 5ol gt g5 5%
p-value 0.0001 mRto g FAIAQl A FF& wHalom, 157 7l
3k BIC HAaspe dAolMe =do] 122237.85, oAlolHe] RFHo]
116115.73%, 8ol we} 717 HF 4719 275 o= tdAE 1353 st

(Table 2).
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Table 2. Estimated parameters of GGT trajectories by gender

Parameter Beta Group Average
group
Intercept, U/L
GGT* trajectories Estimate Beta O Beta 1 Beta 2 proportion, N(%) Prob > | T|
(95% CI)
Men (N=433,697)
Low-upward 1.18 (1.18-1.18) -35.58 0.02 148.603 (34.37) <.0000
Moderate—upward 1.43 (1.42-4.44) 4890.86 -4.91 0.00 178,362 (40.63) <.0000
Elevated—upward 1.71 (1.65-1.77) -1383.03 1.36 -0.00 87,092 (20.35) <.0000
High-upward 2.06 (2.04-2.09) -6399.88 -6399.88 -0.00 19,640 (4.65) <.0000
Women
(N=124,749)
Low-upward 0.89 (0.88-0.89) -45.65 0.02 24,512 (23.34) <.0000
Low-stable 1.09 (1.09-1.10) 848.73 -0.87 0.00 84,809 (62.84) <.0000
Moderate—-upward 1.27 (1.10-1.44) 6464.87 -6.48 0.00 13,450 (12.19) <.0000
High-upward 1.57 (1.56-1.58) 17.57 -0.05 0.00 1,978 (1.63) <.0000

*GGT, gamma-glutamyltransferase
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Figure 5+ FAAITEAN(LCGA) S S A=A T 25E A7 A=<
A4 93 6T w8 A48 e BolFa vk, "dAtddA = d3H GGT7F 4709
15 (Low-upward, Moderate-upward, Elevated-upward, high-upward) X9l
A 1A (wave ) T8 4xF(waved) 7FA] 34 713F ¢ AL 02 A} STt
e F4e B9om,  ‘Moderate-upward 2 EFE A7 71 2ot
(N=178,362, 40.6%). A=t & GGT7F 4709 ZLmol A 1Ak (wavel) -
B 4x(waved)7HA] 2 717F 5 WSS Holx| gFal ALHowm e
o #Ed QY ‘Low-stable’ &  AQlgr YA 55 (Low-upward,
Moderate-upward, high-upward)oll 4] 1x}5=(wavel)F-¥ 42} (waved)7FA] %]
71ZF &<t sl dA GOT7F S7bshe e Bl 53] 't RT o
7t 2 A Sk S B Y (Figure 5).

A4 A Rbe digk ZF "3 GET A ™ol wE 15 HlE2 FRbol A

‘Low-upward’  34.4%(N=148.603), ‘Moderate-upward  40.6%(N=178,362),

ol

k!

‘Elevated-upward’ 20.4%(N=87,092), ‘high-upward’ 4.6%(N=19,640)°]%]
o, Azl A= ‘Low—upward’ 23.3%(N=24,512), ‘Low-stable’
62.8%(N=84,809) ‘Moderate-upward’ 12.2%(N=13,450), ‘high-upward’
1.6%(N=1,978)©] A th(Figure 5).
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Women (N=124,749)
1.6%
=
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=y
0
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S
23.3%
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YEAR

Figure 5. Changes in GGT during waves 1-4 by trajectory groups.
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3. FAAASTEH(LCGA) Ao e IFE Y54

Table 3v FAASTEA(LGA)S &8 B GGT 1wE A tdxE9 ¢
sl e BoFa vk EAel A= 27 5ol 9k ol I GGT #HlF el
WE 4719 I8 EFoA dFH (6T =71E H¥+=d, ‘Elevated-upward’
oAM= 1zxk(wavel) EF GGT ¥t 58.2433.0(U/L)IA 43k (waved)
77.6+40.8(U/L)Z,  ‘High-upward’ oA % 1xF(wavel) 3 GGT Ht
138.6+92.6(U/L)el Al 425 (waved) 180.1£115.8(U/L)Z ZA S7FskSitt,
A DA 4= (BM) = 13- (wavel) ®H] 4xF5=(waved) ol 7t S7tsles A4S

Helou, AR ES AHEW, dEAReAe FERITGo] 1A (wavel)
89.2+14.4(mg/dD) el A 42} (waved) el 91.9+19.7(mg/dl), FFH7]dste]l 1
ZF=(wavel) 121.3%+13.6(mmHg) oA 425 (waved)oll 125.4+16.1(mmHg) & 5
7He ®2ol, e5d9 B FHTIddel s €4 66T Aol mE BE aEel
A AdARbA o ® 1A (wavel) F-H 4xFE (vaved) 7HA] FA4 713 S A STt
st As & AdsdH.

' AN Fe B RS FAeE] A TIE AR 4k
(waved)oll A2l oAd ¥ ¥ 5 W, ‘Low-upward 9} ‘Moderate-upward ol 4]
= 20~30tfe] A=A 2z 70% o] S xFAEFSE o (Low—upward: 73.3%,
Moderate-upward: 70.7%), 1xF(wavel)FEH =2 FF9 84 (T FX=
H<el ‘Elevated-upward’ ¢} ‘High-upward oA+ 40~50th 2] Az o7} of A
= 40~50t19] AHWrE 70% o)A AFA]EFoI(Elevated—-upward:  73.4%,
High-upward: 79.1%), °lde] d+=53 #o] dAde] T7igel meh &4 GGT

s3] EG EAHE PSS B 5 JATHTable 3).

s
)
Jlm

o
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Table 3. Basic characteristics by GGT trajectories at year O and year 8 in men

GGT"

Low-upward Mﬁgfvﬁtc? - EL%‘;?;?S_ High—-upward D —value

N=433,697 N=148,603 N=178,362 N=87,092 N=19,640

Mean = SD

GGT, U/L at year O 16.30 £ 6.81 29.61 £ 14.23 58.24 £ 33.04 138.56 £ 92.58 <.0001
at year 8 20.73 £ 7.79 39.23 £ 17.95 77.64 £ 40.79 180.07 £ 15.81 <.0001
Ln GGT, U/L at year 0 1.18 £ 0.18 1.43 £ 0.18 1.72 £ 0.20 2.07 £ 0.25 <.0001
at year 8 1.29 + 0.16 1.56 = 0.17 1.84 £ 0.20 2.19 £ 0.24 <.0001
BMI', kg/m? at year 0 22.44 £ 2.33 23.63 £ 2.49 24.47 £ 2.53 24.54 £ 2.66 <.0001
at year 8 23.28 £ 2.49 24.55 £ 2.59 25.34 £ 2.67 25.26 £ 2.90 <.0001
Fasting glucose, mg/dl at year O 87.44 £ 12.78 89.15 + 14.22 91.15 £ 15.85 93.86 £ 18.24 <.0001
at year 8 88.27 £ 14.05 91.69 £ 18.50 96.49 £ 24.76 102.03 £ 31.24 <.0001
Systolic BP!, mmHg at year O 118.65 £ 12.77 121.40 £ 13.43 124.19 £ 14.11 127.03 £ 15.18 <.0001
at year 8 121.78 £ 15.18 125.70 £ 15.81  129.41 £ 16.28 132.52 £ 17.13 <.0001

*GGT, gamma-glutamyltransferase; "BMI, body mass index; ‘BP, blood pressure
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-. .u.'- .I'l s
L= L)

Table 3. Basic characteristics by GGT trajectories at year O and year 8 in men (continued)

GGT
_ Moderate— Elevated- - g
Low—-upward upward upward High—-upward p-value
N=433,697 N=148.603 N=178,362 N=87.092 N=19.640
N (%)
ﬁ}g‘;’egf%rs’ n (%) <30 3,945 (2.65) 2.653 (1.49) 622 (0.71) 65 (0.33) <.0001
30-39 49,700 (33.44) 48,477 (27.18) 19,843 (22.78) 3,461 (17.62)
40-49 59.252 (39.87)  77.507 (43.45) 41.201 (47.31)  9.758 (49.68)
50-59 29,812 (20.06) 42,579 (23.87) 22,703 (26.07) 5,774 (29.40)
60+ 5,894 (3.97) 7.146 (4.01) 2,723 (3.13) 582 (2.96)
Smoking status, n (%) Former
Smoing Former 28,394 (19.11)  36.710 (20.58) 17.762 (20.39)  3.429 (17.46)  <.0001
Current
Current 51,647 (34.76) 74,716 (41.89) 43,180 (49.58) 11,193 (56.99)
Drinking status, n (%) Current
Drinking Curren 92,903 (62.52) 133.442 (74.82) 74.051 (85.03) 17.737 (90.31) <.0001
Eggflgr exercise, n (%) at  ygq 100,701 (67.77) 120.861 (67.76) 58,576 (67.26) 12,708 (64.70)  <.0001
}tygga% diabetes, n (%) 922,660 (15.25)  48.230 (27.04) 34.812 (39.79)  9.851 (50.16)  <.0001
Impaired fasting glucose, 10,163 (7.99)  14.794 (11.73)  8.113 (16.18)  1.789 (20.68)  <.0001

n(%) at year 8 (N=312,092)

‘GGT, gamma-glutamyltransferase; TBML body mass index; ‘BP, blood pressure
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Table 4= FAAZTEA(LCGA) = &3 I GGT 1w oA didAES ¢
WA EAS HojFau v, ozt e dF GGI7F 49 oA 13k
(wavel) Bl 42} (waved)7hA] F47]13F &b WstE Holx] @il Al&LA o

2 o HEY A" ‘Low-stable’ & A¥e YA 15 (Low-upward,
Moderate-upward, high-upward)oll Al 1x}5=(wavel)F-¥] 42}5=(waved) 7}A] 4
717F b 3] A GGI7F S7bele Y-S B9l =dl, ‘Moderate-upward’
ol A= 1Ak (wavel) A GGT Ht 21.9%£15.6(U/L)AIA 42k (waved)
31.0£19.4(U/L)Z,  ‘High-upward’ oA+ 1x(wavel) % GGT ¥+t
45.4£36.8(U/L)N A 4xF5=(waved) 76.1£63.3(U/L)&E A F7Fakqltt.

AAZFA T 12 (wave) F-8 434 (waved) 7HA] F4 713 &<F & WstE
Bolx ook, FEIGL 1x(wavel) 87.7+14.6(mg/dD)oIA 4z
(waved)oll 92.2+24.5(mg/d1)=2 ‘High-upward olATF T F7lele Fd2
Hom FH7|8€de BE A 6T Ao we 4719 5 E5FoA <oF
kel F7HE Hou, o AAl ‘High-upward’ olATF  1x<(wavel)
115.9414. 1(mmHg) ©tH] 42}5=(waved) 121.2+17.1(mmig) = A 7}k A
o= s

g ddAEcdA d Y Ads FH57] A% Ve AR 4xk
(waved)oll Ao A5 FX & HW, FAtol A9 n7iA = F7 6T #AAel uf
& 2% d9d S7F €3 GIA S7FsE e e 5 T AU

t}(Table 4).

g

4
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Table 4. Basic characteristics by GGT trajectories at year O and year 8 in women

GGT"

Low-upward Mﬁgfvﬁtc? - EL%‘;?;?S_ High—-upward D —value

N=433,697 N=24,512 N=84,809 N=13,450 N=1,978

Mean = SD

GGT, U/L at year O 7.41 £ 2.78 13.47 £ 6.44 21.92 £ 15,57 4543 £ 36.84 <.0001
at year 8 10.55 = 3.99 15.06 £ 5.81 30.96 £ 19.44 76.06 £ 63.29 <.0001
Ln GGT, U/L at year 0 0.84 £ 0.18 1.10 £ 0.17 1.29 £ 0.20 1.57 £ 0.25 <.0001
at year 8 1.00 £ 0.15 1.15 £ 0.15 1.44 £ 0.19 1.80 = 0.26 <.0001
BMI', kg/m? at year 0 20.83 £ 2.10 21.15 £ 2.35 22.19 £ 2.80 22.96 = 3.00 <.0001
at year 8 21.46 £ 2.26 21.85 £ 2.57 23.04 £ 3.10 23.90 = 3.30 <.0001
Fasting glucose, mg/dl at year O 84.19 + 10.85 84.79 + 11.28 86.18 + 12.27 87.67 £ 14.62 <.0001
at year 8 84.80 £ 10.67 85.69 £ 11.49 88.39 £ 15.17 92.25 £ 24.54 <.0001
Systolic BP!, mmHg at year O 110.14 £ 11.07 111.46 £ 11.65 114.17 £ 13.21 115.95 £ 14.13 <.0001
at year 8 111.95 £ 14.63 113.93 £ 16.36  118.21 £ 17.03 121.16 £ 17.06 <.0001

*GGT, gamma-glutamyltransferase; 'BMI, body mass index; ‘BP, blood pressure
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Table 4. Basic characteristics by GGT trajectories at year O and year 8 in women (continued)

GGT
Low-upward Low-stable Moderate- High-upward
upward p—value
N=124,749 N=24.512 N=84.809 N=13.450 N=1,978
N (%)
ﬁ*tg‘;’egfagrs’ n (%) <30 965 (3.94) 2967 (3.50) 261 (1.94) 927 (1.37) <.0001
30-39 14039 (57.27) 42220 (49.78) 4981 (37.03) 527 (26.64)
40-49 7898 (32.22)  31.266 (36.87) 5429 (40.36) 835 (42.21)
50-59 1505 (6.14) 7717 (9.10) 2461 (18.30) 527 (26.64)
60+ 105 (0.43) 639 (0.75) 318 (2.36) 60 (3.13)
Smoking status, n (%) Former
Smoking Former 204 (0.83) 465 (0.55) 58 (0.43) 14 (0.71) <.0001
Current
Current 31 (0.13) 175 (0.21) 50 (0.37) 11 (0.56)
Drinking status, n (%) Current
Drinking Current 4494 (18.33) 17225 (20.31) 2926 (21.75) 464 (23.46)  <.0001
Efgy‘gaa;’ sxercise, o (%) Yes 8369 (34.14) 31839 (37.54) 5515 (41.00) 823 (41.61)  <.0001
Type 2 diabetes, n (%) 1520 (6.20) 7809 (9.21) 2655 (19.74) 587 (20.68)  <.0001
Impaired fasting glucose, n 385 (1.54) 1,945 (2.44) 570 (5.19) 92 (6.40) <.0001

(%) at year 8 (N=117,170)

‘GGT, gamma-glutamyltransferase; TBML body mass index; ‘BP, blood pressure
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Table 5014 7] A&l 421 (waved) S 7]=o 2 3to], 3 GGT Al
e I dad 3 AIEE $A4% A9E AvEd, A9 FAS
2381 FRel A ‘Low-upward IHES V|l ® SES W, 1<
(waveD)F-E 7H¢ & 4 ((Tak FolAl Algke] Aol whe} #5355
7V HQl  ‘High-upward’ ZZF°lA] Hazard ratio 3.78(95% confidence
intervarl(CI): 3.70-3.87)= fog Txw WA F=E HGoH
(p<0.0001), oAM= FL3A ‘Low-upward I1H= 7|+o = 35S uf,
Albol Aol wheh I GTs=7F AA S7Fskis ‘High-upward’ Lol 4]
HR(95% CI)o] 3.43(3.12-3.78) = FolahA =& P A AP s B3v
(p<0.0001). 42+5=(waved) ol A o] A&HH MF(FA, &5, AR E

8

Z712 EAs 2820 Jaoll A ‘Low-upward 18 thH] @i

ol

Ox o § 58 dud 34 fIEE B0 (p<0.0001), ozt A= A
HAuks A% Ry1y T3 g 24 Y =S Bt B3 AT o

g ARFAFE Fhe AT RA3lAE dRlA  Low-upward

1 o H] [ 1 A =7} ‘Moderate-upward’ Lol A
1.64(1.61-1.66), ‘Elevated-upward’ Lol A 2.43(2.38-2.47),

‘High-upward’ ZLF< 3.25(3.17-3.33) 2.2 Fol8tAl #9521 (p<0.0001),
o] z}oll = ‘Low-stable’ L&EolA 1.29(1.22-1.36), ‘Moderate-upward =L
oA 2.05(1.92-2.18), ‘High-upward 1 2.68(2.43-2.95)= 238}
= U TH(p<0.0001) .
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sAete R gy w99

o

A&7 95 712 AWl 43} (waved)

>
7N FRET L FEIEGS IR TAT R E 2 A 9

4>«

S7F el Al ‘Low-upward 1w 7l lo=® kS W, ‘Moderate—upward’

“155o A HR(95% CI)7F 1.56(1.53-1.58), ‘Elevated-upward IgolA 2.11
(2.07-2.14), ‘High-upward" 15 2.44(2.38-2.51)°o.2 FoslA =¢oH
(p<0.0001), oA}l M= FLU3tA ‘Low-upward L1E< 75O =2 39S uf,
‘Low-stable’ Zs-°ll 4 HR(95% CI)”7} 1.25(1.18-1.32), ‘Moderate-upward’
254 1.93(1.81-2.06) .2, High-upward 12 2.26(2.05-2.49)2 -9
SHAl =2 Tt WA A E(p<0.0001)E H St (Table 5).
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Table 5. Hazard ratios (95%CI) for risk of T2D

according to GGT trajectories by gender

Men (N=433,697)

No. of No. of DM' Person Age Model 1 Model 2 Model 3 Model 4
. A rs, djusted
Persons incidences ¢ HoT® o *UEEY HRS (95% CI') HR (95% CD HR (95% CD HR (95% CD)
Low-upward 148,603  22.660  1499727.15 1839.03 1.00 1.00 1.00 1.00
Moderate 1.82 1.83 1.64 1.56
—upward 178,362 48,230 1693231.98 308746 (1 79-185)  (1.80-1.86)  (1.61-1.66)  (1.53-1.58)
Elevated 2.86 2.88 2.43 2.11
_upward 87,092 34,812 770766.20  4484.60 (987179 90)  (2.83-2.93)  (2.38-2.47)  (2.07-2.14)
L 3.78 3.83 3.25 2.44
High-upward 19,640 9,851 160910.05  5982.72  (370-387)  (3.74-3.92)  (3.17-3.33)  (2.38-2.51)
P for trend <.0001 <.0001 <.0001 <.0001

*GGT, gamma-glutamyltransferase; 'DM, diabetes mellitus; HR, hazard ratio; 'CI, confidence interval

Modell: Adjusted for age (demographics)

Model2: Adjusted for Modell + smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior

factors)

Model3: Adjusted for Model2 + body mass index (demographics + behavior factors + BMI)
Model4: Adjusted for Model3 + fasting blood glucose, and systolic blood pressure (demographics + behavior factors + BMI

+ biological indicators)
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Table 5. Hazard ratios (95%CI) for risk of T2D according to GGT trajectories by gender (continued)
Women (N=124,749)

No. of No. of DM Person Age Model 1 Model 2 Model 3 Model 4
. A rs, djusted
Persons incidences ;o™ o YUEET HRE (95% CI') HR (95% CD  HR (95% CD  HR (95% CI)
Low-upward 24,512 1,494 130556.23  1194.72 1.00 1.00 1.00 1.00
B 1.37 1.37 1.29 1.25
Low-stable 84,809 7,586 259713.48 594291 (13051 45)  (1.30-1.45) (1.22-1.36)  (1.18-1.32)
Moderate 2.46 2.46 2.05 1.93
_upward 13,450 2522 883260.88 56191 (9o 960y (231-2.62) (1.92-2.18)  (1.81-2.06)
L 3.43 3.43 2.68 2.26
High-upward 1,978 057 17946.05  3306.12  (319-378)  (3.12-3.78)  (2.43-2.95)  (2.05-2.49)
P for trend <.0001 <.0001 0.0008 <.0001

*GGT, gamma-glutamyltransferase; 'DM, diabetes mellitus; HR, hazard ratio; 'CI, confidence interval

Modell: Adjusted for age (demographics)

Model2: Adjusted for Modell + smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior
factors)

Model3: Adjusted for Model2 + body mass index (demographics + behavior factors + BMI)

Model4: Adjusted for Model3 + fasting blood glucose, and systolic blood pressure (demographics + behavior factors + BMI
+ biological indicators)
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5. ul% %o wre @Y 66T AW I B 24 93

Table 6ollA= 2 @3 GGT A4 2&E ¥R fiol e dur T4 2
ALsE FAHT 4345 & 5 Aok, FAelA AdZFAS 23(kg/m)H|RE A
Aol A ‘Low-upward’ 1w<S 7]=o® I¥S  u, HR(95%  CI)o]

‘Elevated-upward’ L&A+ 2.73(2.63-2.83), ‘High-upward’ L35l A
3.82(3.62-4.03)9] o3 TFuw WA HA=E HIow, ALdFAs
23-25(kg/m’) WA= ‘Low-upward IHS V]=o®E IS W,
Elevated-upward’ ZLi5°ll A] 2.35(2.27-2.42), ‘High-upward’ ZL&°lA
3.22(3.07-3.37)¢] o3 T A AFES Hvh. ADZFA T 25(ke/
m)olArel Al = ‘Low-upward 1H S V|F=o 2 QS wl, HR(95%
CI)o] ‘Elevated-upward Z&FolA+=  2.33(2.27-2.40), ‘High-upward’ L&
oA 3.04(2.94-3.15)¢] o3 T A AFEES B3d=d, HveRE

ol Fhstg o, AAFAF 23(e/m)VE DFAAA ADHA

2=
25(kg/m) o]/l didAtell A HT ¢ =2 9y A APEEE HY
(Table 6).
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Table 6. Hazard
BMI

ratios (95%CI) for risk of T2D according to GGT trajectories after stratification

by category of

Men (N=433,697)

GGT" Low—upward Moderate—upward Elevated—upward High-upward P for trend

Trajectories HR® (95% CI") HR (95% CI) HR (95% CI)

BMI', kg/m?
<23 1.00 1.63 (1.58-1.68) 2.73 (2.63-2.83) 3.82 (3.62-4.03) <.0001
23-25 1.00 1.64 (1.59-1.69) 2.35 (2.27-2.42) 3.22 (3.07-3.37) <.0001
25+ 1.00 1.60 (1.56-1.64) 2.33 (2.27-2.40) 3.04 (2.94-3.15) <.0001

*GGT, gamma-glutamyltransferase; "BMI, body mass index; ‘HR, hazard ratio; 'CI, confidence interval
TAdjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)
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Az A= AAZFA T 23(kg/m) P HAR T ‘Low-upward 1HS 7|
To® 3F3S W, HR(95% CI)e] ‘Low-stable’ LEIAI= 1.21(1.13-1.30),
‘Moderate-upward’ ZIiFolA+= 1.73(1.57-1.90),  ‘High-upward’ ZLi3°llA]
2.28(1.90-2.74)9] #ol3 Gy WA JIEE B, AL
23-25(kg/m’*) Aol A = ‘Low-stable’ L3zl 4] 1.49(1.32-1.67),
‘Moderate-upward’ Z&EolA = 2.46(2.16-2.81), ‘High-upward’ L35l A
2.78 (2.29-3.38)°] frol3 Yy LA RS BT AAZFAS 25(ke/
m)oldel AR FollAM= Low-upward IEe VIEloE Sls W,
HR(95%CI)©] ‘Low-stable’ L&HolA+= 1.36(1.19-1.57), ‘Moderate-upward’
gFoAM = 2.31(2.00-2.68), ‘High-upward L&A 3.26(2.74-3.89)2]
o3 i A =S W=, ‘Low-stable’ 2 ‘Moderate-upward L
wollM = A=A 23-25(kg/m') HFA7E 25(kg/m') ol AR E7
GGETA Al wet ¥ & =y 24 Hd=E BtH(Table 6).
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Table 6. Hazard
BMI (continued)

ratios (95%CI) for risk of T2D according to GGT trajectories after stratification by category of

GGT"
Trajectories

Women (N=124,749)

Low-upward

Low-stable
HR® (95% C1")

Moderate—-upward
HR (95% CI)

High-upward
HR (95% CI)

P for trend

BMI", kg/m?
<23

23-25

25+

1.00

1.00

1.00

1.21 (1.13-1.30)

1.49 (1.32-1.67)

1.36 (1.19-1.57)

1.73 (1.57-1.90)

2.46 (2.16-2.81)

2.31 (2.00-2.68)

2.28 (1.90-2.74)

2.78 (2.29-3.38)

3.26 (2.74-3.89)

<.0001

<.0001

<.0001

*GGT, gamma-glutamyltransferase; "BMI, body mass index; ‘HR, hazard ratio; 'CI, confidence interval

TAdjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)
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6. Bt I GGTY W& #&

oo HHAFEA HIRE FHol we BT dF GTes=st T4
7re] PR o7k FAAZEALGA) S B3 DA GaIAgel me 15
Agotols ol HelE=XE metslr] e, Al o= vie AldFA S L

§2 @4 G6T AH g e 27t ujEsg s, 2428 398
4 A4, WgaEe B3 IAH0) e g $uy e exnE =

FAFel Al ‘Low-upward” LEolHA] AEEEAG 23(kg/m) W REI A=
S JEToR F¥S u, AAHoR Fod p for trend E p for
interactionfts B 2w (p<0.0001), ‘High-upward’ ZLEo]WA A AFx]
25(kg/m’) o] o= Hlqkel thAlAFell Al HR(95% CI)o] 9.15(8.74-9.58) % 2
gk @ =H](p<0.0001)E Ht}h. Ao M= mpR7FA= ‘Low-upward “L35©]
AA - AFFAT 23(kg/m)HT] iEAES VTR SlS o,
‘High-upward’” Z&o|WA AFZFAG 256(kg/m’) o]0 = HIREQ] Aol
Al 11.38(9.56-13.55)] F-<J8tAl %2 2.208](p<0.0001)E RS TH(Table 7).
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Table 7. Odds ratios (95%CI)

for risk of T2D

by trajectories of serum GGT

and category of BMID

BMI'
Men (N=433,697)
<23 23-25 25+
GGT" Trajectories HRY(95% CI") HR (95% CI) HR (95% CI)
Low-upward 1.00 1.45 (1.40-1.50) 2.10 (2.03-2.18)

Moderate—upward
Elevated—-upward
High-upward

1.72 (1.66-1.78)
3.14 (3.01-3.28)
4.67 (4.37-5.00)

2.56 (2.48-2.64)
4.03 (3.89-4.18)
6.15 (5.79-6.53)

3.70 (3.59-3.80)
6.16 (5.98-6.35)
9.15 (8.74-9.58)

P for trend <.0001
P for interaction <.0001
AUC 0.695
Women (N=124,749)
<23 23-25 25+
GGT" Trajectories HR (95% CI) HR (95% CI) HR (95% CI)
Low-upward 1.00 1.47 (1.29-1.67) 2.55 (2.17-2.99)

Low-—stable
Moderate—upward
High-upward

1.23 (1.15-1.33)
1.90 (1.72-2.10)
2.63 (2.15-3.22)

2.26 (2.09-2.45)
4.19 (3.77-4.66)
4.68 (3.81-5.75)

3.61 (3.32-3.93)
6.97 (6.30-7.71)
11.38 (9.56-13.55)

P for trend
P for interaction
AUC

<.0001
<.0001
0.715

*‘GGT, gamma-glutamyltransferase; 'BMI, body mass index; ‘HR, hazard ratio; 'CI, confidence interval

1) Adjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)
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g4 GET7F W AT E BEAo] gAY st HAW o[ o
AT Aol Ayt FTE AT YA AL AFHE=AE dolry] 3] &

2 e gk Y =S FAsAT. AAATEA (LCGA) S 488kl =
¥ 84 6T AAl e 4 aFA A7 WdAEe] viRt of Fol ujet
= 2 el owE AolE HoleAE AHESIT. HAlA

‘Low-upward’ ZEo]HA AAHEFXF 23(kg/m') | Tl YAAE S 7=

oft M

2 39S W, ‘High-upward ZFolWA] AAZFASG 25(kg/m’) oGz H]
kol oAkl A HR(95% CI)7F 5.92(5.72-6.13)2] 913 Jy A 9ld e
(p<0.0001)E B9 o™ (Table 8), A= wiz7FA 2 ‘Low-upward L&
oWA  AAFAF 23(kg/m)HPIRERI OIAAES V|EwoR S W,
‘High-upward’ ZFo|WHA AAZFAF 25(kg/m) o] Fog HIREQl thidatol

A 7.16(6.29-8.16)2] ol A w2 TnH TA 9¥
7t woskAl Skeke FgS #ld 4= glon | W RS AA|H o

2 F93% p for trend(p<0.0001) % p for interaction(Men: p<0.0001,

Women: p=0.0004)S H.%1t}(Table 8).
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Table 8. Hazard ratios (95%CI) for risk of T2D by trajectories of serum GGT and category of BMI2)

BMI'
Men (N=433,697)
<23 23-25 25+
GGT"* Trajectories HR*(95% CI") HR (95% CI) HR (95% CI)
Low-upward 1.00 1.41 (1.37-1.46) 1.97 (1.90-2.03)

Moderate—upward
Elevated—-upward
High-upward

1.64 (1.59-1.69)
2.77 (2.67-2.87)
3.90 (3.69-4.11)

2.32 (2.25-2.38)
3.32 (3.22-3.43)
4.56 (4.36-4.78)

3.13 (3.05-3.21)
4.55 (4.43-4.67)
5.92 (5.72-6.13)

P for trend

P for interaction
AIC

C statistic

GGT" Trajectories
Low—upward
Moderate—upward
Elevated—-upward
High-upward

<.0001

<.0001
2921069.90

0.6698

Women (N=124,749)

<23
HR (95% CID

23-25
HR (95% CI)

25+
HR (95% CI)

1.00
1.22 (1.14-1.31)
1.79 (1.63-1.97)
2.41 (2.00-2.89)

1.42 (1.26-1.61)
2.11 (1.95-2.28)
3.50 (3.18-3.85)
3.93 (3.31-4.67)

2.38 (2.06-2.76)
3.16 (2.92-3.42)
5.19 (4.75-5.67)
7.16 (6.29-8.16)

P for trend

P for interaction
AIC

C statistic

<.0001

0.0004
285556.53

0.7065

‘GGT, gamma-glutamyltransferase; TBMI, body mass index; ‘HR, hazard ratio; 'CI, confidence interval

2) Adjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)
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ojfiol= FHAATEA(LCGA)E Sdtol =€ 3 6T A4 155 4%
stle wWel e=v] B Fad A el V& deH A Aol e

A3t BlaE 9l ZIREERARAA EF GTE=Ee] AT 1Es A8T &

Colde] BEATEAMAE Al Tor Ui AAFAF 2F9 9% 66T

B AHRS g BE Zzte] dEusg wEel Yyl gik o=y
gy w4 AFEE =3sgc. o dw, " mRA

‘Low-upward” ZZFolWA AAZFA G 23(kg/m) P T I AES 7]
2 3PS v, AAH o Fo3k p for trend ¥ p for interactionite H
O (p<0.0001), GGT #AHol e Zws A8 sils wWe) 2y v
S =15 B3t (Table 9).

4 OIBE ARAS 15 Ags], u By AYEE AN
ol Wi BT GR GOT AMel e 1He 4889e W wo e g

W Ukl 9l =5 W TH(Table 10).
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Table 9. Odds ratios (95%CI) for risk of T2D by serum GGT values and category of BMI3

BMI
Men (N=433,697)
<23 23-25 25+
Serum GGT* values HRY(95% CI1") HR (95% CI) HR (95% CI)
Q1 1.00 1.50 (1.44-1.56) 2.17 (2.08-2.26)

1.94 (1.87-2.02)

2.91 (2.81-3.02)

Q2 1.32 (1.27-1.37)
Q3 1.83 (1.75-1.90) 2.69 (2.59-2.79) 4,00 (3.87-4.13)
Q4 2.95 (2.83-3.07) 3.87 (3.73-4.02) 6.03 (5.84-6.23)
P for trend <.0001
P for interaction <.0001

0.686

AUC

Serum GGT" values

Ql

Women (N=124,749)

<23
HR (95% CI)

23-25
HR (95% CI)

25+
HR (95% CI)

1.00

1.62 (1.44-1.82)
1.77 (1.59-1.98)

2.76 (2.39-3.18)
2.85 (2.51-3.23)

Q2 1.09 (1.00-1.18)
Q3 1.36 (1.26-1.47) 2.36 (2.14-2.59) 3.57 (3.22-3.96)
Q4 1.67 (1.55-1.81) 3.62 (3.32-3.94) 6.38 (5.87-6.93)
P for trend 0.0008
P for interaction <.0001

0.716

AUC

‘GGT, gamma-glutamyltransferase; TBMI, body mass index; ‘HR, hazard ratio; "CI, confidence interval

3) Adjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)

_43_



-. .u.'- .I'l s
Ll T

Table 10. Hazard ratios (95%CI) for risk of T2D by serum

GGT values and category of BMI4)

BMI'
Men (N=433,697)
<23 23-25 25+
Serum GGT* values HR(95% CI") HR (95% CI) HR (95% CI)
1.00 1.45 (1.40-1.51) 2.01 (1.93-2.08)

Q1

1.29 (1.24-1.34)

1.83 (1.77-1.89)

2.57 (2.49-2.66)

Q2
Q3 1.73 (1.67-1.80) 2.41 (2.33-2.49) 3.30 (3.20-3.40)
Q4 2.63 (2.54-2.73) 3.22 (3.12-3.32) 4.47 (4.34-4.60)
P for trend <.0001
P for interaction <.0001
AIC 2924789.80
C statistic 0.6619
Women (N=124,749)
<23 23-25 25+
Serum GGT* values HR (95% CI) HR (95% CI) HR (95% CI)
1.00 1.55 (1.39-1.74) 2.51 (2.20-2.86)

Q1

1.68 (1.52-1.86)

2.59 (2.31-2.90)

Q2 1.08 (1.00-1.17)

Q3 1.33 (1.23-1.43) 2.17 (1.98-2.37) 3.09 (2.82-3.39)
Q4 1.61 (1.49-1.74) 3.14 (2.90-3.39) 4.90 (4.55-5.28)
P for trend 0.0008

P for interaction <.0001

AIC 285580.46

C statistic 0.7069

*GGT, gamma-glutamyltransferase; 'BMI, body mass index; HR, hazard ratio; "CI, confidence interval

4) Adjusted for age, smoking status, alcohol intake, and physical exercise at baseline (demographics + behavior variables)
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2. @H (6T AR5 1% H4 A%ed Mz

AIC(Akaike information criterion)®} C statistic #S E3] 2P SHAHE
E gk A3, o " 6T Aol WE 2EolA e A o] Hatel A AIC
arel 2921069.90, C statistic @t 0.6698%, FH GGT ARE9IFol] WE 1
FolAlel A (AIC=2924789.80, C statistic=0.6619)o]4] HT} w2 AIC ¥
=& C statistic #= Ho] U] HAE Bl HJEE HYA|RE, o x| A
= B BT gte E3ivH(Table 10).

g3 GGT AAell e 255 A8 B oA dapst F GTe= ARE
A 2Ee ALsS "o 23E M= vagk Ay
ATolMe G #Eded dof, AAASTEA (LGS A&ste] =59 o
2 GGT #AA o mE 155 483 &

Rl
BEstA AAEE Ae AT = AT (Figure 6-9).
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®

Men (N=433,697) Women (N=124,749)

11.38
for interaction =0.0001 for interaction=<.0001
OR p p

2.55

147 I
’b@r

&
Py e

BMI

25+
23-25
<23

Figure 6. Odds ratios(95% CI) for risk of T2D by trajectories of
serum GGT and category of BMI3

Men (N=433,697) Women (N=124,749)
OR p forinteraction=0.0114 p forinteraction =<.0001
12
9 6.03
4.00
6 3.87
1 50 2
3 I
23-25
0

Figure 7. Odds ratios(95% CI) for risk of T2D by serum GGT
values and category of BMI”

5) Adjustment for age, smoking status, alcohol intake, and physical exercise at baseline
(demographics + behavior variables)
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Men (N=433,697) Women (N=124,749)
HR p for interaction =<.0001 p for interaction =0.1980 7.16
5.92
8 5.19
6
4
BMI
2 25+
23-25
0
&
& R SR
& 5 @b
A o RG
«° &

Figure 8. Hazard ratios(95% CI) for risk of T2D by trajectories of
serum GGT and category of BMI®

Men (N=433,697) Women (N=124,749)

HR

p for interaction =<.0001 p for interaction =0.0002

4.90
4.47

BMI

25+
13-25

Q1 Q2 Q3 Q4 Qi Q2 Q3 Q4

Figure 9. Hazard ratios(95% CI) for risk of T2D by serum GGT
values and category of BMI®

6) Adjustment for age, smoking status, alcohol intake, and physical exercise at baseline
(demographics + behavior variables)
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I GETF Fxe® ko] 71 A<l FieA HH, MEze] AAA] AL
A Fotol A EE= AHE ~E# A(Oxidative stress)oll thadsle] AEE B
sk 98-S st ZFEE 2 (Glutathione) o] F7 GGTeF WA ek #Hade] gl
o}, AW Oxidative stress?} 5 7FshAl =™ Glutathioneo] F-=3l %]

F9] Glutathioneo] A EA] o=@ (Oxidative stressi= U 7}5F]
= ool ofrlHEn). olw) MY GGT= MXE 919 Glutathiones WARAIA
A2 F e (y-glutamyl) 717} A AE A]2~EQl(cysteine)Wo] A¥X W=
A=A &ar, o] cysteineo] A|EWA Glutathionel. 2 HStETH, 8|2
2 Axd dtksiRtgdd 7 T4 3} Glutathioned %5 #4

st=H GGT7F o] &% ™, Oxidative stress7t S7F&+5 GGTe| %7 <7Fs)

)

Q
= 1

ol
=1

o
[-'1:1

o

3]
=S

ek
o

AG74A 1 AARe R w3t TWAS S, e To A Bk
oz AAHQ I3tS = Oxidative stressoll thd A7} 3] 9l

=
ol gkar(Park et al., 2014; <FAol, 2009; oln<d 5. 2004; Whitfield,
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2001), ol vgs ARES 2R oo dud % AdHA 28 S5 o
A A dbA 7)ol thEke] Oxidative stress 3 &% GGTo #3 #Al o]
S7tE o] gtom, e weadel thaiA e @Wo] Hawa oA
S, 2005; Emdin et al., 2005; Wojcicka et al., 2004). FHol+= 3 GGT
of Fuud A EoA A G6Te dHE FAxe] dddrl BEA
(SNP, single nucleotide polymorphism)S ©|-&3lo] /%<2l Q4o s 4+
SH 9 G6Te Fye] #Hgdol el 2 w9l delAe 2 A3
Ae AYsEE ARE AT (Lee et al., 2016; Nano et al., 2017).
o7 EH GGTY X+ s A3 ool I T 4F dArsF
THE #HEAo] = AHoew dHA ¢, Framingham StudyolA &3 GGT
of AdAA g 93 AAE o] AP i g Aol A Har 19
d FA A Ay, o)A F 3,451 5 9689 o] diAbSFatell o] #E Q)
i, 535WelA Adddsto]l WA o, A GGTe] ARl LEel whet
olggt A=o] HoiA=TF Sttt BHagk vf 9tk (Lee et al.,
2007). EZ, wl=el 4,800 @S Ade dHde= A

L

S
s,

ot

CARDIA(the Coronary Artery Risk Development in Young Adults) A-7-olA %=
159 F4 ek A3, Gy adeke] ey A e % 66T

FAo wel @A Frhetkal BRaskglom(Lee et al., 2003a), =<3l
4,000 S d’Fo R 1998 Al 20029 7kA] 4dzE 4 e Al A =
473 GI7F AedrE I 79

&
71% &9t (Lee et al., 2003b). ¥ &0l A



ool Yy #dAdS Bvl dtk(Maskarinec et al., 2009). ¥wH4
o

o7 EE Zuxze] ZTl= AREFRRI S 7AW Qled AT
T IHEAS Hol=d(McLaughlin et al., 2011), o] WE} A|XEoAe] AW
Ak A EHAQ w=Fo] dEH BH] ASHE o7 Al7|a, QleEd fHA HE

ES AstAl7IH O vzt HeE AR APES F7HAITIV] A S AE
s+ MAYES®E AHET(Jacqueminet et al., 2000; Maedler et al.,
2001). oln] 7]E9] Aol -9 WA 242 HY EFold Far
A Ay skl FosiAl d S Bl vk e, & ATl =
H Rk fol] w3 66T A4 18 dxd 24 A3 =E FA 3t 2

WY P FEE Zpols Hlv 53] FAET ozl A minke] dmn Ay
]

Aom, olelgk AESA wWAUZ o] H
(Greenman et al., 2004).

ARl whet Heole #A GETeF B
ek A= olm o] Abel Bard wp dvk. 1988 H-H 20047k €] W] =
NAZFEZAL A37] ARE o]&3te] AP Aol Fr el 3l
o] A GGTeF AAZFAG Fo] wsz-go] el Avreked, 1 A3 v
g3 66T A QIH2)E Bl RSN A AR 4= 25kg/m?o]ddol = &
Tatal Frate] #EAde] e=v] 1.3914 244 =R WA YEigen, ¥
7 GET FRI7F ARSI ool AAFA S 3bkg/m o]l A S-E 200
77bol o] @ =ulE HAATHLim et al., 2007).

oy AT ENAE FTEH R v wel 3 G6TeF T

Abolo] AN F nozgs HolH, dA (C(I7F 84 sz w2 4
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al., 2003a; Lee et al., 2003b; Lee et al., 2004; Lim et al., 2007), ©]
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Appendix Figure 1. ROC curves for serum GGT values for predicting

T2D among men
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Appendix Figure 2. ROC curves for serum GGT values for predicting
T2D among women
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Appendix Figure 3. ROC curves for trajectories of serum GGT for

predicting T2D among men
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Appendix Figure 4. ROC curves for trajectories of serum GGT for

predicting T2D among women
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Appendix Table 1. Hazard ratios(95% CI) for risk of IFG according to

trajectories of serum GGT by gender

Men (N=312,092)

Modell Model2 Model3 Model4
HRY95% CI'") HR (95% CI) HR (95% CI) HR (95% CI)
GGT
Trajectories
Low-upward 1.00 1.00 1.00 1.00
Moderate 1.37 1.36 1.29 1.25
—upward (1.33-1.40) (1.32-1.39) (1.26-1.33) (1.22-1.28)
Elevated 1.84 1.81 1.68 1.51
—upward (1.79-1.90) (1.76-1.87) (1.63-1.73) (1.47-1.56)
. 2.26 2.23 2.06 1.73
High-upward (5 1579 38)  (2.12-2.34)  (1.96-2.17)  (1.64-1.82)
P for trend <.0001 <.0001 <.0001 <.0001
Women (N=117,170)
Modell Model2 Model3 Model4
HR (95% CI) HR (95% CI) HR (95% CI HR (95% CI)
GGT
Trajectories

Low-upward
Low-stable

Moderate
—upward

High-upward

1.00

1.32
(1.18-1.48)

1.86
(1.63-2.12)

2.35
(1.87-2.96)

1.00 1.00
1.32 1.28
(1.18-1.47) (1.15-1.43)
1.85 1.72
(1.62-2.11) (1.50-1.96)

2.34 2.07
(1.86-2.95) (1.64-2.61)

1.00

1.24
(1.11-1.38)

1.71
(1.50-1.94)

1.20
(0.95-1.51)

P for trend

0.0003

0.0003 0.0022

0.4776

*GGT, gamma-glutamyltransferase; DM, diabetes mellitus; ‘HR,

"Cl, confidence interval

Modell: Adjusted for age (demographics)

hazard ratio;

Model2: Adjusted for Modell + smoking status, alcohol intake, and physical
exercise at baseline (demographics + behavior factors)

Model3: Adjusted for Model2 + body mass index (demographics + behavior

factors + BMI)

Model4: Adjusted for Model3 + fasting blood glucose, and systolic blood
pressure (demographics + behavior factors + BMI + biological indicators)
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Appendix Figure 5. Odds ratios(95% CI) for risk of IFG by
trajectories of serum GGT and category of BMI?D
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Appendix Figure 6. Odds ratios(95% CI) for risk of IFG by serum
GGT values and category of BMI”

7) Adjustment for age, smoking status, alcohol intake, and physical exercise at baseline
(demographics + behavior variables)
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Appendix Figure 7. Hazard ratios(95% CI) for risk of IFG by
trajectories of serum GGT and category of BMI®
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Appendix Figure 8. Hazard ratios(95% CI) for risk of IFG by

serum GGT values and category of BMIY

8) Adjustment for age, smoking status, alcohol intake, and physical exercise at baseline

(demographics + behavior variables)
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= ABSTRACT =

Serum gamma-glutamyltransferase trajectory and risk
of diabetes mellitus in Korean population

:Korean Cancer Prevention Study

Jooeun Jeon
Graduate School of Public Health
Yonsei University, Seoul, Korea

(Directed by Professor Sun Ha Jee, Ph.D.)

Background: The pathophysiological mechanisms of diabetes include
factors such as oxidative stress, and serum gamma-glutamyltransferase
(GGT) has been suggested as an early marker of oxidative stress.
Also, obesity is a well-known cause of type 2 diabetes, and obesity in
low-GGT normal group was not or significantly lower associated with
diabetes. However, the interactions observed in these studies were

mainly targeting obese individuals in the western population.

Objectives: Therefore in this study, objective is to classify GGT
trajectories and examine each trajectory’s association with risk of
incident type 2 diabetes(T2D). Also, it is to investigate whether the
association between body mass index(BMI) and T2D differed depending

on serum GGT levels within the normal range.
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Methods: In Korean Cancer Prevention Study(KCPS), 558,446
participants aged 20 years and above who received biennial health
examinations from wave 1 to wave 4(1996-2003) were selected. Each
four distinct trajectory groups were identified for serum GGT using
group—based trajectory modeling methods by gender. Cox proportional
hazards model was used to examine the association of trajectories with

risk of T2D.

Results: During 5,426,015.68 person—-years of follow—-up(mean follow-up
duration, 9.72 years), 249 mortality and 128,124 incident cases of T2D
were 1dentified. In this study, the risk of T2D was different according
to the heterogeneity of the serum GGT trajectory over time in Korean
men and women. Using the serum GGT trajectory groups rather than
the quartile groups more accurately reflect the difference in the risk of
T2D depending on obesity and, as in previous related studies, the risk
of developing T2D was weaker in low—GGT normal obesity group than

the other groups.

Conclusion: In this study, we applied group—based trajectory modeling
methods(GBTM) and found significant effects of serum GGT concentration
on the associagion between risk of diabetes and obesity. Further
research on the use of biomarkers for the screening of high-risk

diabetes is needed in the future.

Key words: gamma-glutamyltransferase, type 2 diabetes, obesity, cohort
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