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Effects of the Genetic Polymorphisms on Urinary
Excretion of 1-Hydroxypyrene and 2-Naphthol

Moon-Young Hwang’, Byung-Mann Cho and Seong-Bae Moon'
‘Department of Chemistry, Pusan National University, Busan 609-735, Korea
Department of Preventive and Occupational Medicine, Pusan National Universtty, Busan 602-739, Korea
(Manuscript received 6 April, 2005 accepted 25 May, 2005)

This study was performed to determine the effects of genetic polymorphisms, such as glutathione S-transferase
ul (GSTMI), glutathione S-transferase ©1 (GSTT1), glutathione S-transferase ml (GSTP1), aryl hydrocarbon
N-acetyltransferase 2 (NAT2), cytochrome P450 2E1 (CYP2EL), cytochrome P450 1Al (CYPIAl) on the
concentrations of urinary 1-hydroxypyrene (1-OHP) and 2-naphthol in general population with no occupational
exposure to polycyclic aromatic hydrocarbons (PAHs). Study subjects were 257 men who visited a health
promotion center in Busan. A questionnaire was used to obtain detailed data about age, smoking, drinking, body
fat mass, intake of fat etc. Urinary [-OHP and 2-naphthol concentration were analyzed by HPLC system with a
fluorescence detector. A multiplex PCR method was used to identify the genotypes for GSTM1 and GSTTI. The
polymorphisms of GSTPI, NAT2, CYP1Al and CYP2El were determined by the polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP) method. Urinary 1-OHP concentration was higher in
deleted genotype of GSTMI, increased as smoking and alcohol drinking increased. Urinary 2-naphthol con-
centration was also rely on the age and smoking. Neither genetic polymorphism nor drinking-related factors were
significantly related to urinary 2-naphthol concentration. No significant relation was found between physical
characteristics and concentrations of urinary PAHs metabolites in the subjects, but the geometric mean of urinary
1-OHP and 2-naphthol was higher in the group with higher value compared to median value.

These data suggest that in general population occupationally not exposed to PAHs, urinary concentration of
PAHs metabolites is influenced by smoking, alcohol drinking and deleted genotype of GSTMI in 1-OHP and
smoking in 2-naphthol.

Key Words : PAHs, Genetic polymorphisms, 1-OHP, 2-Naphthol, HPLC, PCR, Smoking
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222, 2% 1-OHP &4
2221 NsAAT
Jongeneelen 5'0¢] EAEE 4% W] &
% 1-OHP ¥&& 3390, gAAZEE AH
F A¥E 03 my Fue T 2 M sodium acetate
buffer, pH 5.0& #7139tk B-glucuronidase/aryl
sulfatase (10,000 Fishman U/ml, Sigma, St. Louis,
MO, USA)Z A3 & water bath(37°C)all A 16A]
ZHgob bR skl iR $ 3,000rpmell A
108 Bot YA EEste] 45dE AN 94 C18
sep-park cartridgeel 933ttt HFHo® HPLC-
fluorescence detector24 #&l® 1-hydroxypyrene
245 g¢ AFstgart. £3589 blank urineoll
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2222 &4

AAE 7t B 482 FIZ(Dionex P50 LPG)¢}
&% 7Z7)(Shimazu RF2000), 2811 AEAIRZF
2 71(Dionex ASI-100) 2 A5 243 (Dionex Chro-
meleon) 2 74%E HPLC system (Dionex, Germany)-&
ALgstel 24t HPLCE ¥ 150 mmx4.6
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g0 2% 1-hydroxypyrene 2@ 2-naphthol®] #jd #ol v|X&= &

mm&} Tosoh TSK gel ODS-80TM reverse phase
(Japan)& AM&3taid. o] 542 60% acetonitrile
(HPLC grade, Fisher Scientific, USA)& AF&-3}%
om 2o Imlo £E2 ZYFA FFHE9
AL excitation(Aex) 242 nm L2 3L emission(Aem)
388 nmE AHE3t9th

223. 2% 2-naphthol &4

2231. A& HAAE

Kim 59 2493 4% ¥gste] 1-OHP
ZAA AL U d FdstAl Aeetlth

2232. =4

1-OHP &4 A] AH&-3 HPLC system$ AR&3}o
24359 AL 250 mmx45 mme YMC J'sphere
ODS-H80E AM43l9 1, o] 542 38% acetonitrile
Agstgoen 29 1 mlo &2 TEFAch
A2 7)9 AL excitation(Aex) 227 nm, L7
A emission(Aem) 355 nmE AHESFHTH

224, wAA @A £4
2241. DNA %
70T B#soe]l oY STy dzde g
© 2 2¥ Omega Bio-tek(USA)AFS] EN.Z.A blood
DNA kitE 21839 DNAE F&s9vh
A

2242 GSTM1# GSTT19 4z A B4

GSTMI13#} GSTT1 #+#Ax 84 4L Chen
2o whwlo Wyste] AAETE PCRE primers
= GSTM1d HReixE= 5'-GAA CTC CCT GAA
AAG CTA AAG C-3'3% 5-GTT GGG CTC
AAA TAT ACG GTG G-3'E, GSTT1o A
= 5-TTC CTT ACT GGT CCT CAC ATC
TC-3'3} 5'-TCA CCG GAT CAT GGC CAG
CA-3'E A&39Y. PCRS TaKaRa Tag DNA
polymerase® H7tste] & wkg Aol 20 w7t =HA
8t 94T 30%, 58T 30%, 72T 302 303 & 4
Astdeh. a8z GSTM13 GSTT1 A3 A+ th34d
Ao WHEPETLE B-globing AHE3le PCR
& AAEY Y. B-globinel e primerZ2% 5'-CAA
CTT CAT CCA CGT TCA CC-3'# 5-GAA
GAG CCA AGG ACA GGT AC-3'& A&39th
ZZ 5 PCR 222 2% agarose gelol A #7145
8l band& <13ttt GSTMI2 219 bp, GSTT1
2 410 bpe band EAARZ F43l5th

2.243. CYP1Al #AA 9484 24

CYPIAL 3= g8y B4o] Al&E primers
5-CCA CCT CAG CTG TCT CCC TC-3'#%
5-GAA AGA CCT CCC AGC GGT CA-3'4tl.

o
=
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PCRZ 94T 30%, 58C 30%, 72T 30z= 303l
A8 AL, 180bp AE9 PCR AHE2 2% agarose
gelolq  E3lget, #el® PCR A& 5 w9
HinclI(Promega, USA)E #7}sted 37T A 243
HHSAZl Z 25% agarose geldlA H719Esto
TS BAsT A719F 25, 13%bpst 48bp
9] band®t HolEy A& le/lle FHAE, 139 bpst
120 bp, 48 bp29 bandE Hol: AL lle/Val £4
A8, a2z 120 bp, 48 bpe bandE RolE AL
Val/Val fdxgoz EF34

2244. CYPZEL 34 o84 24
CYP2EL 42 84 48 9% primers
5-CCA GTC GAG TCT ACA TTG TCA-3'#}
5-TTC ATT CTG TCT TCT AAC TGG CA-3
£ 218313t PCRS 94T 30%, 58C 30%, 72T
022 308 E HAAEHL, FENEL 2% agarose
gelo| Al gelstitt. g€ PCR AHE 5 uioll Rsal
(Promega, USA)& #H7}8te] 37TolA 247 4§k
AZ 1L, 1.8% agarose geldl Al H719Estd §AA

=
T

A

g& B3t 360 bp, 50 bpY bandE Hoj=
A& homozygous wild type (cl/cl), 410 bp2t 360

bp, 50 bp? band& EF Hol= AL heterozygous
mutant type (cl/c2), 22 & 410 bp<] band%t K.0]
T A€ homozygous mutant type (c2/c)oz &
sk

2245. GSTP1 f#}F o}y

GSTP1 #4d# b8 242 Kristensen 5 9
WS WEstd AAFHY. primer2¥ 5'-TCC
TTC CAC GCA CAT CCT CT-3'3 5-AGC
CCC TTT CTT TGT TCA GC-3'& Al&3t4x,
UT 1E, 63C 18, 72T 1822 39 303 FZ3}
ek FEH AEL 2% agarose gellA] FA8t%
i1, PCR A2 3 o] Alw261 (Promega, USA)S
A7bste] 37TCAA S5 digestion A7 %,
lle 105—Val 105(A—G) X8 25% agarose geldl
A A71F9s3te] A8 ¥ A0 2 F

A

B Al
p=R
=13)

A5 A gop AT AR oA 294 bp
band?t Eol= & AA type, 3 dlEA-HAolut

Q2271 9lolA 294 bpst 234 bp, 60 bp] band
HolE A& AG type, Z8]Z F tdH-AA
4 B947F QlolA 234 bp9t 60 bpY bandE
& GG type g o2 EFsl9th

2246, NAT2 $34 tha4 24
19904 o] A7HAE NAT B4EZ
dte] HPLCE o] &3l BAsi= wy
=9 Deguchi $¥0] NAT &ziatol
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LP ¥HE st 1 A7l NAT? 283
I 90% oA dXETE FUFAL B dFdAE
o] o2 NATY FHAEE ZAbelth primers
5-TGA CGG CAG GAA TTA CAT TGT C-3'
# 5-ACA CAA GGG TTT ATT TTG TTC
C-3"& A3l 3, 94T 30%, 63T 30%, 72T 30
2239 353 FEAZY SFE AE 2 wd
BamH]1 (Promega, USA)# Kpnl (Promega, USA)
& A 4ol 37CAA &% S AAY. a8 n
Y% PCR AE9| Tagl (Promega, USA)S H7}
ato] 65T oA 3F&4 w-A17] & 29 agarose gel
oA A7|gEstd EAsET ¥ W Adasr
MY Z2FE vEoE QYA FEE TR
o] MPHAAY FHE&E ZAE NAT2 acetylation
45 E slow, intermediate 28] 3 rapid® 43}
At
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T RGAE)
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=

8% 1-OHP$} 2-naphthol =
7t RFOR X$AE REE FPornE gi5Es
&GS o83l EAFUT WA 2F ZHoly
doz 24% 1-OHPS 2-naphthol 59 7519
H L AAEH . GSTML, GSTTL, GSTP1
Az d¥48 dEXE 58 ALY 73
717, 42HAY, 79 27 2 &F
i HAZFA 4 (body mass index, kg/m,
BMD, A=A, A9HH#Fs} 1-OHP 2 2-
naphthol FxAle]e] FHAF-E Lol 7] Y8l Student's
t -test® At on, BMI, Axared ubAH
F FUYFE VIFoT F Fog FTRIAT CYPRE],
CYPIAL NAT2 f479] v48g4, 93, 4 2 &
F3Pei9} 1-OHP 2 2-naphthol®] FEAlole] TH
4 A 9A d9EaHE W (one-way ANOVA)
= Adsdtt B¢ 7 JAAEY JFFS BA A
ol Al HEAES Frish] Y8 o3 A R4 (multiple
linear regression)S AAlstgch FAEAo& SPSS

=

]

1108 AH&3tden FAEH Rd5:EL 0052
A=
3.4 %

31 A7 didAREY guby E4

d¥E BEE 5071 62.3%(1607%) 0.2 7hg B
i, 60th, 70t oA o Bysigor oAt

A T vFAAE 206%(76%) 1 FAAT
39.3%(1018)01 At} FAA F 8% gl Anjgko
20703 Wkl o] 42.6%(43%), 2070 o] B¢

T To] 574%(B8%)Hom FrIzke] 30 o
a9 o] 452%(479), 30 E=H<l o] 53.5%(54



ukel oA 47 thg Aol

W2 etttk vl eFe] 195%((50%), &5l
69.6%(179%) 2.2 FFwo] HFF Tl vla 364
A Bttt 5T F AT FFF] &AF 1% v
REQ1l o] 30.7%(55%), 1% ol4dg mialtE ol
352/0(63"3)oﬂ oy, FF3leE F 23 ol vi4l

= wol 33%(59%), F 33] ol miiltie Fol
335%(607)=2 etk &571zke] 30d o] &el

o] 50.8%(919), 30 HEthe o] 492%(88
HE M£E $ITF oL Aglon, Awy Ba
o ZARGAEE AAH 54 BT ANYAS

(BMD)7}F 24.1212.89 kg/m’, H+ A=Al g
A o] 7z 21.40+2.89 kg, 43.68+14.87 go]
AcHTable 1 #3).

32 47 Ee 2% 1-OHPS 2-naphthol
of wjd
At Ee A A otEdS

Y

HAe 2% 1-OHP

2% 1-hydroxypyrene 2 2-naphthol®] =4 ko]

tAE 4
Fazrgel vj& folstA =UrHp=0.034). GS’I‘TL
TP1, NAT?2, CYP1A1 z28l3 CYP2E]l $42E
2% 1-OHP FsEAbolols 2F 74]Z4°i7°r
&0} 7} ﬂi‘ﬂxl LotcH(Table 3 #%).
% 2-naphthol® F%¢ 7”‘«] A 242]' 3
FHAM = GST\/H 21247} }—ZHo}—t— 7
% ¥ 2% 2-naphthol iEﬂ' A& B b
d oih =doy FAHeE fosx st
GSTT1, GSTP1, NAT?, CYP1Al #+4dx8 3 8=
2-naphthol®] FEZAPolol &= F9] &<l Z}O]t R
th Ed CYP2El #3AAHo] c1/c289 A$o+=
02 $AHAF o v EH 8% 2-naphthol %57} 74
ooy BAEHE {98 JAAL el %9
tHTable 4 Zx).

AP gAEe] dukd EAd ut
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F_A_,

lo i:i a it

O_L

o g =
L
7} 9]
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oA;
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fo
of{

o o & 3 Q= 1) A E]: jvf].ai‘_}\-] %
FEE ST 00RO ymol/mol creainive, & ;‘;;Lj o ?Hzo? qﬁ o e e 579?}
.. <] i FLN [} pull X A=, 3
718 e 3_0033 imolgr;ol creatinine®] ¢ith. 2- oz 7‘;}_ Se Ase wolou Eow ;OEO%
T Al o + =7 H —
O il o) DAIOVOGL WOl g el wE A wAd. FR99% 23
YE]O creatinine, 7|% 0. umol/mol creatinine 1-OHP W4 2zhe] Bedo] A= 1w EelFo| 85
2 2 ¥t 4% 0~0.3908 pmol/mol creatinine, o
o ) O o FdTo] oF 358 -C7ﬂ ‘%E‘r‘/‘oﬂﬁ EAEH
0~50762 umol/mol creatinine®]ith. g0 2 & o 25 9oa B (p=0.001). BH- ]
. = u T Y Y =U. . ©
2-naphthole] 284 5 A el LEHTabe 2 #x) aw]2ko] 205 o] Abel 110] 20743 olgtol Fo
ArT At FAATEA BE aF  viste] 1-OHP) WA Wo] ) A= Eskort o
1-OHP$} 2-naphthol =4 = g A aAd e vERR] &tk 282 F4d7)70d
2% 1-OHP 5% GSTMIe] 2+ " A% o wWE 3% 1-OHP dhAdzkel = A2 zo]7} YAt
Table 1. General characteristics of the study subjects
Variables Mean (SD) Range
Age (years) 58.3 (6.07) 50 ~ 80
Amount of smoking (cigarettes/day) 16.6 (7.00) 1 ~50
Duration of smoking (years) 324 (8.23) 3~ 60
Amount of alcohol intake at one time (bottle) 09 (052 0.13 ~ 30
Frequency of alcohol drinking (/week) 26 (1.51) 025 ~ 70
Duration of alcohol drinking (years) 325 (952) 2 ~5
Body mass index (kg/m’) 24.1 (2.89) 168 ~ 31.1
Body fat mass (kg) 214 (467 87 ~ 33.0
Intake of fat (g/day) 437 (14.87) 94 ~ 84

Table 2. The mean concentrations of urinary 1-hydroxypyrene (1-OHP) and 2-naphthol

(unit: pmol/mol creatinine)

Metabolites No. AM SD GM Range
1-OHP 257 0.0178 0.0332 0.0053 0~0.3908
2-naphthol 257 0.4161 0.6661 0.1108 0~5.0762

AM: arithmetic mean SD: standard deviation GM: geometric mean



L N R

S fES €L

Table 3. The mean concentrations of urinary 1-hydroxypyrene by genetic polymorphisms
(unit: pmol/mol creatinine)

Ratio of

Genotypes No.(%) Geometric mean Range geometric mean -p-value’
GSTM1
Undeleted 105 (40.9) 0.0031 0 ~ 0.12503 10 ’ 0.034
Deleted 152 (89.1) 0.0064 0 ~ 03908 2.065
GSTT1
Undeleted 115 (44.7) 0.0056 0~ 01332 1.0 0.330
Deleted 142 (55.3) 0.0041 0 ~ 0.3908 0.732
GSTP1
AA 167 (65.0) 0.0049 0 ~ 0.3908 1.0 0.838
AG, GG 90 (35.0) 0.0046 0~ 01284 0.939
NAT2
Rapid 138 (53.6) 0.0045 0 ~ 01332 1.0 0.813
Intermediate 96 (37.4) 0.0054 0 ~ 01503 1.200
Slow 23 (9.0) 0.0042 0 ~ 0.3908 0.933
CYP1Al
lie/Tle 136 (53.0) 0.0045 0 ~ 0.3908 1.0 0.770
Tle/Val 103 (40.0) 0.0046 0 ~ 01503 1.022
Val/Val 18 (7.0 0.0049 0 ~ 0.0938 1.089
CYP2E1
cl/el 161 (62.7) 0.0045 0 ~ 0.3908 1.0 0.920
cl/c2 84 (32.7) 0.0056 0~ 01284 1.244
c2/c2 12 (46) 0.0030 0 ~ 0.3616 0.667

‘p-value was calculated by t -test or test for linear trend.

Table 4. The mean concentrations of urinary 2-naphthol by genetic polymorphisms
(unit: pmol/mol creatinine)

Ratio of

Genotypes No.(%) Geometric mean Range geometric mean p-value’
GSTM1
Undeleted 105 (40.9) 0.0945 0 ~ 3.0862 1.0 0.676
Deleted 152 (59.1) 0.1130 0 ~ 50762 1.196
GSTT1
Undeleted 115 (44.7) 0.1062 0 ~ 3.0862 1.0 0.964
Deleted 142 (55.3) 0.1042 0 ~ 50762 0.981
GSTPI
AA 167 (65.0) 0.1219 0 ~ 3.0862 1.0 0.379
AG, GG 90 (35.0) 0.0798 0 ~ 50762 0.655
NAT2
Rapid 138 (53.6) 0.1146 0 ~ 35214 10 0.560
Intermediate 9 (37.4) 0.1016 0 ~ 50762 0.887
Slow 23 (9.0 0.0719 0 ~ 1.1360 0.627
CYP1Al
Tle/Tle 136 (53.0) 0.1274 0 ~ 50762 1.0 0.224
Tle/Val 103 (40.0) 0.0942 0 ~ 35214 0.739
Val/Val 18 (7.0) 0.0457 0 ~ 25509 0.359
CYP2E1
cl/cl 161 (62.7) 0.0891 0 ~ 50762 10 0.438
cl/c2 84 (32.7) 0.1479 0 ~ 35214 1.660
c2/c2 12 (46) 0.0879 0 ~ 1.0389 0.987

‘p-value was calculated by t -test or test for linear trend.
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35 ATHYAES AAF EAY w2 gF
1-OHP$} 2-naphthol®} ®iA 2
Aol HUJREA A I AAGeF 2
g A %) 0—5 1-OHP ¥ 2-naphthol®]
g #Ede 7 vee FUge NFoR
4ade vags =4 *ﬁkiq F2 FAA
A

P

P

TEF =A HEgeY BT fod dadA
THEA gkth(Table 7 #2).

Table 5. The mean concentrations of urinary 1-hydroxypyrene by general characteristics

(unit: ymol/mol creatinine)

Ratio of

Variables No.  Geometric mean Range geometric mean p-value
Age (years)
50-59 160 0.0052 0~0.3908 1.0 0568
60-69 79 0.0045 0~0.1332 0.865
>70 18 0.0041 0~0.1250 0.788
Smoking status
Non smoker 76 0.0027 0~0.1503 1.0 0.001
Ex smoker &0 0.0034 0~0.1284 1.259
Current smoker 101 0.0094 0~0.3908 3.481
Amount of smoking (cigarettes/day)
<20 43 0.0062 0~0.0828 1.0 0.079
>20 58 0.0128 0~0.3908 2.065
Duration of smoking (years)
<30 47 0.009% 0~0.3908 1.0 0.980
>30 54 0.0094 0~0.1332 0.989
Alcohol Drinking
Non drinker 50 0.0099 0~0.1284 1.0 0.034
Ex drinker 28 0.0039 0~0.1332 0.394
Current drinker 179 0.0039 0~0.3908 0.394
Amount of alcohol intake at one time
Less than one bottle of Soju 55 0.0026 0~0.1332 1.0 0.279
One bottle of Soju or more 63 0.0045 0~0.1284 1.731
Frequency of alcohol drinking (/week)
Two times or less 59 0.0019 0~0.1332 1.0 0.047
Three times or more 60 0.0052 0~0.1503 2737
Duration of alcohol drinking (years)
<30 91 0.0062 0~0.3908 1.0 0.029
>30 83 0.0025 0~0.1332 0.403

*p-value was calculated by t -test or test for linear trend.
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Table 6. The mean concentrations of urinary 2-naphthol by general characteristics
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(unit: pmol/mol creatinine)

Variables No. Geometric mean Range Ratio of p-value’
geometric mean

Age (years)
50-59 160 0.0361 0~5.0762 1.0 0.138
60-69 9 0.1247 0~35214 1.448
>70 18 0.2399 0~2.5509 3.367

Smoking status
Non smoker 76 0.0498 0~2.5509 1.0 0.001
Ex smoker 80 0.0577 0~3.0157 1.360
Current smoker 101 0.2607 0~5.0762 5.235

Amount of smoking (cigarettes/day)
<20 43 0.2251 0~35214 1.0 0.582
>20 58 0.2941 0~3.5214 1.307

Duration of smoking (years)
<30 49 0.1823 0~5.0762 1.0 0.188
>30 54 0.3559 0~3.0862 1952

Alcohol drinking
Non drinker 50 0.0879 0~2.8809 1.0 0.727
Ex drinker 2 0.1155 0~35214 1.314
Current drinker 179 0.1083 0~5.0762 1.238

Amount of alcohol intake at one time
Less than one bottle of Soju 55 0.0759 0~3.0862 1.0 0.892
One bottle of Soju or more 63 0.0689 0~5.0762 0.908

Frequency of alcohol drinking (/week)
Two times or less 59 0.0309 0~5.0762 1.0 0.332
Three times or more 60 0.1011 0~3.0862 1.986

Duration of alcohol drinking (years)
<30 91 0.1065 0~5.0762 1.0 0.930
>30 33 0.1112 0~3.0862 1.044

‘p-value was calculated by t —test or test for linear trend.

Table 7. The mean concentrations of urinary 1-hydroxypyrene (1-OHP} and 2-naphthol according to physical
(unit: umol/mol creatinine)

characteristics and fat intake

Ratio of

Metabolites Variables’ No.  Geometric mean Range C p-value”
geometric mean

Body mass index (keg/m’)
<24.16 128 0.0047 0~0.1284 1.0 0.890
>24.16 129 0.0049 0~-0.3908 1.043

Body fat mass (kg)

1-OHP <21.70 127 0.0045 0~0.3908 1.0 0.817

>21.70 129 0.0049 0~0.1332 1.089

Intake of fat (g/day)
<43 129 0.0040 0~0.3908 10 0.299
>43 128 0.0056 0~0.1503 1.400

Body mass index (kg/m’)
<2416 128 0.0988 0~35214 1.0 0.772
>2416 129 0.1116 0~5.0762 1.130

Body fat mass (kg)

2-naphthol <2170 127 0.0933 0~35214 1.0 0.580

>21.70 129 0.1181 0~5.0762 1.266

Intake of fat (g/day)
<43 129 0.0987 0~2.8818 1.0 0.768
>43 128 0.1118 0~5.0762 1.133

*Categorized by median value
“p-value was calculated by t ~test.
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a2 GSTMiel ZgHo de Afde &%
Aol 73 thAEEo] GSHY A#stA &2 4
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Table 8 Median ratio in urinary 1-hydroxypyrene (1-OHP) and 2-naphthol concentrations according to selected

variables’

Metabolites Variables Median ratio %% CI p-value
GSTM1 (deleted/undeleted) 1.832 0.974~3.447 0.061
GSTTI (deleted/undeleted) 0.700 0.377~1.299 0.260
GSTP1 (mutant/wild) 0.933 0.492~1.771 0.834
NAT2 (mutant/wild) 1.097 0.583 ~2.063 0.777
CYP2E] (mutant/wild) 1.151 0.615~2.155 0.663

1-OHP CYPIA1 (mutant/wild) 1.140 0617~2110 0673
Age (10 years) » 0.778 0.465~1.301 0.337
Smoking {(ever/never) 2.056 1.040~4.064 0.040
Drinking alcohol (ever/never) 0.39% 0.182~0.861 0.020
Body fat mass (high/low)™ 1.114 0.592~2.09 0.735
Intake of fat (high/low)™ 0.834 0.447~1554 0.508
GSTM1 (deleted/undeleted) 1.050 0.441~2.49%6 0915
GSTT1 (deleted/undeleted) 1.059 0.453~2.475 0.8%4
GSTP1 (mutant/wild) 0.752 0.312~1.812 0.525
NAT2 (mutant/wild) 0.906 0.381~2.154 0.822
CYP2E1 (mutant/wild) 1.445 0.610~3.423 0.403

2-naphthol CYPLAL (mutant/wild) 06% 0.300~1.609 0.397
Age (10 years) 1.734 0.857~3.506 0.127
Smoking (ever/never) 2.845 1.113~7.273 0.030
Drinking alcohol (ever/never) 1172 0.404~3.401 0.770
Body fat mass (high/low)” 1.057 0.444~2514 0.901
Intake of fat (high/low)” 1.265 0.532~3.008 0.59%

*Based on a multiple linear regression model including all the listed variables as independent variables

“Categorized by median value
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