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ABSTRACT

Objectives: Recent environmental health research has expanded beyond traditional occupational hazards to
examine the long—-term health impacts of chemical exposures in everyday environments. Volatile organic
compounds (VOCs), particularly benzene, toluene, ethylbenzene, and xylene (BTEX), are commonly emitted from
indoor sources such as household products, construction materials, and vehicle exhaust. Despite increasing
concerns, limited evidence has been gathered on the health effects of BTEX exposure in the general population.
This study aimed to quantitatively assess BTEX exposure using urinary biomarkers and investigate the
associations between BTEX metabolites and key health indicators among South Korean adults.

Methods: We conducted a cross—sectional analysis using data from 1,980 adults aged =19 years who participated
in the "Indoor Air Quality and Biomonitoring of Environmental Chemicals" component of the KNHANES (2019-2021).
Urinary concentrations of BTEX metabolites—including S—phenylmercapturic acid (SPMA), benzylmercapturic acid
(BMA), phenylglyoxylic acid (PGA), 2-methylhippuric acid (2-MHA), and combined 3- and 4-methylhippuric acids
(8-MHA+4-MHA)—were measured and creatinine—corrected. Health outcomes included blood pressure, fasting
glucose, lipid profile and liver enzymes. Complex sample design elements were accounted for in regression analysis,
adjusting for sociodemographic and life style confounders.

Results: Higher urinary levels of SPMA and PGA were significantly associated with increased fasting glucose, and
HbAT1c. SPMA also showed a strong association with age and systolic blood pressure. PGA was linked with BMI
and liver enzymes.

Conclusions: Indoor BTEX exposure showed potential associations with certain metabolic and inflammatory
markers in this cross—sectional analysis of a subsample from the Korean National Health and Nutrition Examination
Survey. However, given the study design and limited representativeness, these findings cannot be generalized
to systemic health outcomes at the population level and should be interpreted with caution.
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Sl Etotal, 10 WE SRhEd k=S BlwA 7k
ol ok IEu AEsH, ASAA, 7HAAIE, A
HiZ7[7kA, &9 5 TR 8AEE Q8] AW 37]1Eo]
o3l=|ar Qlom, ofof wEt Ay A9 R
SFgE(volatile organic compounds, VOCs) =&0°|
N2 A7} 89lo g BAsta QItiRajabi et al.,
2020).

VOCse= AUigolA &3] LAst= Fofietet=4d
2, E3] #Wd(Benzene), EF<M(toluene), oAl
(ethylbenzene), ALd(xylene)0.2 F+44%F BTEX=
HEAQl VOCs= 74t ole2 F2HA, ==, W
FA, AGA, el 471, A w717k 5w o
oFtt AdE EdoA TEET, dut 7P E &5t
A AEEHYu & Jeong, 2010). BTEX= /0]
- =of F7] FolA HA SYEH, Al S5
P BF 1olA tiifEo] 2 AHS B9l HiEsEH
(Ross, 1996; Snyder and Hedli, 1996; Sekar et al.,
2023). °]&3t ARRFE-S SPMA(S-phenylmercapturic
acid), MA(mandelic acid), PGA(phenylglyoxylic
acid) 22 =0 3lom, o= AW BTEX =&
< Htgot=s WX ERE E8H. 55], Agotgd &
A AR & Y BTEX HAME 5= 719 Wi
LE3rES AFHoE gUid = e AT 52 A
B2 7HEckSekar et al., 2023).

BTEX 20| QA A7l vX= B2 the] =
el d+E Bol dSEol fth AgASolMe=
BTEX®} 22 VOCs®| 7|4 o] 483, 3871,
AZA, I 9 A=A 23 5 okt Tgdskat
SoJu)gt #AAo] YL HSFHtKHHalios et al.,
2022). &3, BTEXS] 8 ik st B, &
=2 dd, 34X H(triglyceride, TG) 59 9 7AZA|
X 7o) BA-CR [olgt AArE IEE vF itk
(Kang et al., 2018; Koh et al., 2024). o]&gt A3}
+ BTEX k=29 A4 9F B=71 Gt 544 vks
of ={EA] grar, HAIFRl AFS ¥R tiAA 2E
7170 FFE & F U2 AR

ojg|gt AR Tk, FHolA= ARE =
US ok BES 7[Rte g AY BTEX k& 5
I YRR E L AGARE 7] ATYS RIS A=
ofz] Agt4oltt, tiat, VOC tjAMHEC] ARGt
53808, FEIY ¢ FARE [FostA AdEol
H1E9om(Koh et al., 2024), o= E AFojA
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BTEX tiAbibEdt tiAt B 276 A& 2t -y dE
o Hode SRt jHd fifRe V1€ dAe
AdEEA Be B4 AfdEe tdeR & dux
Aol =etE o] flom, Uuk oA BTEX =&l
et 53 24 2 A3IE Bl i A &
ARttt =3t AWE71E3 Al BTEX diAbtE 24
A A 242 A F2A4 9 EgEE B4
B 522 s A er oA it

oo wz}, & A= AEHo] Fud =l
FYRAL AIB7(KNHANES 8th, 2019-2021)9] A
3712 9 @R BARRE AP FATE F
1,980789] 41 HF2= stof, 4 Y| BTEX tiAt
AHE FEE B 7A1S BTEX Wi =& £5& 54
Stal, oA #Ht AGAE T AWIS EA[ILA
Sttt FAAH 2= AA, BTEX HAMEES] & #3
o g, A9, 1§ F S &2 AFAREISH ] ot
ZolE 7ledAl ¥ EHRE 42 B9 dEst
A, 78 AFITAREY, TEESY, HbAlc,
A4 129 5)9 BTEX =& 719 A4S 53l
IALBS 83 BRI B A7 dEA e
=7 ARARE 7|Fto2 Uuk oA 9] BTEX =
S0 A T Y Ve HxE EATe=MA A
A 222 3 DT AAFOIM Y FIAAE =2l
et ey 7sde AAsHES St o] A+ A
e FF BT 3T H AJAOIM S ellE
A g 7% A4, AT AAAA 75, =E 85
o] FoFAISA Hiet AR ¥F ol o} Adzolal
TeHHRl A Al 4 S Aoz VHdH.

Rt

X

I, S
1. S LR
£ A= AEBEF(KDCAOIA 33t A7
YFEAL A7) AAARE 7|Hte =z oy T s o
Aot AR ITRANE = AH, A
A, A48, @4E 5ol titt HEE skt
d=e] 7S "o dAEE =7 d@eY] Bz

Aot} E3] dF #Eo| tis AUE71d AR} ¢
£o] & fH HRNEE YAAE E4o] F7t=
TR UL} o] Az 2vA S FEREFS
(stratified multistage clustered probability sampling)
HAS Bofl EATY] i3S SESEE AA RIS
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 QJgate 23 AmEA, 7iQl FE7L ZIFE 0] X
dorns A7) PSS (RB) Ao HA of
Aol gHEth YxtE= AEaed 71gEeE Y
3]9] £91(2019¥(2018-01-03- P-A), 20204(2018-
01-03-C-4), 2021¥1(2018-01-03-2C-A)= 2ttt

At A AUs714d 9 S RsEd BAAR®
Ao Zol W HESE g 194] o] 4Rl &, A+
=20 Q3 HeEo] BF xFHEH 1,9800]H. ]
£ A2 5 29 Y BTEX B AMRFE(SPMA, MA,
PGA 5)9 &7 Hastl S, 8%, 3EE9,
FSFg M 4 (hemoglobin Alc, HbAlc), =Y AHE,
SAA%, AST(aspartate aminotransferase), ALT
(alanine aminotransaminase) 5 AJA| A|Eo| 2=
#ol gle A5 74 A= Sl ¥hd, AaH
tAiEECIU =8 FAXE T B0 250] U=
+, YA Be SAF AR BYH JFo] 7= A
T2 4 ARA 5 S5 WIES Ado g Qs

JE7E e Y 79 iAol & o1

x|

o =

o H

ey
0

2837 A== E401A A A A HFigure 1).

2. BTEX =& MAMX|E ¥ HZF X7

HRotEd AR E= A W BTEX A 5%
£ F8 EHeE EE8SI9HE BTEX =& & QA WellA
HAEFES AA AB/dEl= A= S-phenylmercapturic
acid(SPMA), acid (BMA),
phenylglyoxylic acid(PGA) Z128]al 2-methylhippuric
acid(2-MHA)®} 3-methylhippuric acid + 4-methyl-
hippuric acid3-MHA+4-MHA)7} 9o, o5 Zz}
benzene, toluene, ethylbenzene, xylene &2 thAl
AFEE LEA Stk S A2 A GA] TRIE E47]
TolA] LC-MS/MSE ol-&sto] 4= q1al, #4247 =
7HR19] 47153t 852 JFS HAdsH | s Aot
Eld 5% (ug/g creatinine)E ©-&5t0] Faot=tl
BAA = s F3x0] vt fsto] = 1HS
T Ao ARESHTE 8 =HHS = A% W BTEX
tjAEES] FEotEld B skoln, SPMA, BMA,

benzylmercapturic

893 male (45.1%)
1,087 female (54.9%)

1,980 total participants in *KNHANES 2022 — 2023

283 excluded from the analysis

I

+ 6 excluded if household income level not included
+ 20 excluded if BMI not included

+ 2 excluded if phenylglyoxylic acid not included

+ 20 excluded if blood tests** related to hypertension not

100 excluded if education level not included

117 excluded if S-phenylmercapturic acid insufficient
1 excluded if 2-methylhippuric acid not included
included

17 excluded if blood tests *** related to diabetes not
included

771 male (45.4%)
926 female (54.6%)

1,697 extracted, excluding participants with insufficient data

* Karean National Health and Nutrition Survey

** SBP (Systolic Blood Pressure), DBP {Diastolic Blood Pressure)

*** glucose, HbAlc

Figure 1. Flowchart of the selection of the study sample
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PGA, 2-MHA 1837 3-MHA+4-MHA tAl 714
FAE o5t

HE BAARE BESHE SOP(KNHANES, 2025)
of et EAEA7] wizol 54 71 AU} B
7hs/do] FHEQIH. ESE oAb IR Y F
AR, FEEHAEHE, 3EET 9 95 AEQAE
C-vh8/3 @) 5 AHJYEF AEE 4 ARESHA
th olE AARE H A ol ofF
2 23EY, dA4F HeEs IWEFHT] E ol)),
SEIY, S84, 1EE ZFEAEHEhigh density
lipoprotein cholesterol, HDL cholesterol), AST,
ALT 5°] AREESIH. 1%t 9 olAEES 59

e U AR E A733A 7]1(KNHANES,
2025y wstth ol8 B3 BTEX kg 53 A4
i 7ho] A= ek m WZ=3 ofA} WToA W7}

o1 RN

g 7 A=S AP,

AR

OH2E

O L-O

BTEX tiAMET AZA®E 74 it 222 935t
BAEE /300 o] A confounding) 8R0S A
sto] SRl BTEX k&9 <%t a7} mioks 9
3 ohget wak

H45hE FUFOR HYSIL ol o
FALSIH,

HEST, APE, FAxE B
FPHE SoF o] (age) d(sex), BMI, &< o
F(smoking status), &5

WHﬂKalcohol status), 74
45(household income), W% $F(education level),

2lFEF(occupational classification)g ZEgstrt.
olg Hre AY AF=0lA EY, €9 T AR A
g dee] F8 fdallew AHA 9l OE] ekl
BE &3 2 24 BATE ABE o] BTEX k& 5F
o 9= & F Yoz AAH whHsE Ao}
o EAskA S3ch

Fol ofre A7) Aejo] ek vl A=Kneven)
SARHformer), @A TAXHcurren)® H¥H, 2F
BT %% A& uA|R] = A9 (non drmkmg)@r

3.

o4

2 138) v 25(<1 time/month) gy 9 13 o]
A _2,<_(>1 time/month)2 EF3ltt 8 £&2
Y7y 25k ols}, Fotu, 5oty 12|l thokal
=9 oL E YRS, T A52 RS, F 5
4, =20 E AESHTH Y2 #ER E HESH
(manager/expert), AFF+Z(service/sales worker),

oo 9 AE|AZ(office worker),

Yol FA4
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H ZAHEE 3 BTEX & &1 26 MAX|E U= 263
Model 1
No adjustment
] Adjusted for sex, age, BMI
Model 2
Adjusted for education level, income
level, smoking status, alcohol status
Model 3
+—— Adjusted for occupational classification

Model 4

Figure 2. Sequential inclusion of covariates in logistic
regression models

ZA

(agricultural&fishing), 71&%4] 9 2] 22 Y (machine

operators), &= =5Adaily labors), F2(unemployed)
o= BRoH

ARG S dAHoR F/goto] By 7t vjwel B
A W9 9F B7PL 7hsoteE AASHAH Model

12 BZH(crude) ©4:3]7] mdoln, Model 2=
Model 1914 A4, I8, BMIE EHg Zdolc

Model 39141 Model 29] s oA wL<p=3t 7}
TAEI T2 A AT guE), 25, §99
AerLT I HEE —’Fxoq 5}, Model 4= Model
39] ZHigkolA H Y B ﬂ1 HEE HASH 5
dlo|tkFigure 2). E%‘% AELE B0 B89 224
£ AA5t ohFst ZHFo] BTEX AR A
A Aol mlA|= %“%2 g7}stct.

bgal7] 9i9f,
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oujst, H= WHp(psu)= FEE AANA 12} &
HE EE. 53] SUARIFRAY] B, A
T F& Hl&o] W7 figoll, E2 A AN &
452 AT A SHAT7E HEEHAH.
4% WSE KNHANESY ol 8XHAE Eda
EtHE VPR ES ARNESH] EA5tloH, W

AN

o] T
A HEAS Fof B

BTEX thARIES] Ex, 43 AR, A F
&k & AESH ki FEE |esigon iR
9] QI AFRJsHY EAo| mE fiAMbE Bx ARlE
t-test, 7FOIAIF 7%, ANOVA 502 FEstL, B3
HE AAE 9193 7R E FEottt. 74 ARA R
FEH,E sto] BTEX AN 522k E93t
Ay AN Ee EXAE JAEHE o|-8ot
g7¥s3at.

Sl AERA 2= @ ZH|(odds ratio, OR) = 3]
A(B), 95% AlFF7Hconfidence interval, CI), p
#HOoZ AT, LE B4 {42 p0.05

e

]

(=

Table 1. General characteristics of subjects (n=1,697)

fu
ot

AAstelon, LE-vs IWAE Eot FUsHA &
o15}7] 9l ALY T B (tertile/quartile) 7]
gt BR & Ay FA|(trend)E HESIGH 2 A9
2E EA BALS IBM SPSS Statistics TZ213
(Version 20.1, IBM, NY, USA)S AR&sto] $=34=]1ct.

n.z2 i

1. G CHAA] uty E4

AEAE ALt A7 WA= 1,697802 Ht ¢
B2 48.6M9.oH, 82 Fo] 771HOR 54.57%=
A8 AL 926" 2 45.43%S AFA|SIIT). 7}
A A5 FE2 TAET0] 32.35%E =2 HES A
stolor, st 420 A9 tigh £ ool 40.90%=
7P 2ottt Aol 5t S-S Z3Rt FAo]
39.19%= 7HE =2 BlS= AASHL, BEA - A2
2] 14.14%, A8 - TA] 11.96%, &3] 10.31% 5
o] £o02 BEuslont 5 A= 9 18] ol 3547t
51.56%% 7P @oten, &4 AHle HEdAL

Classification Total(%) Classification Total(%) meantSE |QR*

Household income Sex

Low 291(17.15) Male 771 (54.57)

Middle-low 412(24.28) Female 926 (45.43)

Middle-high 445(26.22) Age (yr) 48.760.63 55 (40-68)

High 549(32.35) BMI (kg/m?) 24.12+0.13 23.88 (21.58-26.35)
Education level SPMA (ug/L Cr.) 0.89+0.02 0.81 (0.56-1.19)

Elementary school or lower 305(17.97) BMA (ug/L Cr.) 8.05+0.42 4.97 (2.91-9.25)

Middle school 164 (9.66) PGA (ug/L Cr.) 265.1316.41  242.57 (172.06-333.92)

High school 534(31.47) 2MHA (ug/L Cr.) 34.00£3.69 17.82 (12.56-27.26)

College or higher 694(40.90) 3,4MHA (ug/L Cr.) 167.68+10.29 86.97 (59.50-141.60)
Occupation Alcohol status

Manager/Expert 240(14.14) Non-drinking 194 (11.43)

Office worker 179(10.55) <1 time/mo 628 (37.01)

Service/Sales worker 203(11.96) >1 time/mo 875 (51.56)

Agriculture & fishing 65(3.83) Smoking status

Machine operators 170(10.02) Never 1015 (59.81)

Daily labors 175(10.31) Former 428 (25.22)

Unemployed 665(39.19) Current 254 (14.97)

Continuous variables were expressed as weighted meanstweighted standard errors, and categorical variables were
expressed as unweighted frequencies and weighted percentages.

*Values are expressed as median (interquartile range [IQR], lower-upper quartile).

Abbreviations: BMI, body mass index; SPMA, S-phenylmercapturic acid; BMA, benzylmercapturic acid; PGA,
phenylglyoxylic acid; 2-MHA, 2-methylhippuric acid; 3,4MHA, 3-methylhippuric acid + 4-methylhippuric acid
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=

59.81%% 7F Wttt Foxte] Hit BMIE= 24.06+
0.12kg/m*& UeRton Zzke 23.88ke/m*ith.
Zrojzke] &M Wi tiARA] sE= thaat 2ottt SPMA/
Ioteld Hl&- Ht 0.89+0.02 ng/L Cr.¥aL, 5%
2 0.81(0.56-1.19)9tt. BMAE i 8.05+0.42
ug/L Cr.(394%k 4.97), PGAE B4 265.13+6.41
ug/L Cr.(547k 242.57), 2MHAE= B+ 34.00+3.69

i3712 ZAF B2 & BTEX & ZFi 2GS WHXE L2 265

ug/L Cr.(343k 17.82), 3,4MHAE: B 167.68+
10.29 ug/L Cr.(3%4%t 86.97)2 =A%t

2. BTEX HiAMME S QIFLALS[SHN EME X0
Aol whE SPMA, BMA, 2MHA, 3,4MHA %=

5 {O5k Aol HAHp0.05). §HH PGAE= dd

of §93t zto|7h TEEA] ASItHp=0.132). 7Hl £

Table 2. Sociodemographic characteristics of BTEX concentrations

Classification SPMA BMA PGA 2MHA 3,AMHA
o Male 0.75:0.03 6.19:0.79  255.61+12.48  41.9246.69  204.27+15.57
Female 1.02£0.02 0.80t0.74  27453t855  26.17+2.03  131.55¢8.85

p-value (0.001** (0.001** 0.132 0.020* (0.001**
Low 1.15:0.06  11.92¢1.59  323.40£21.86 35.09¢6.53  193.50+27.55
Household  Middle-low 0.94+0.04 8.05t1.36  283.72+14.22 34.56%7.17  182.85+28.34
income Middle-high 0.85£0.04 750£0.67  258.64t16.15 41.90+11.76 176.33t25.67
High 0.80£0.02 6.64:0.35  239.23t0.53  27.54+4.39  143.26+17.65

p-value (0.001** 0.003* (0.000** 0.504 0.292
Elementary school or lower  1.23t0.05  13.88+1.44  372.92+24.23 46.59+11.71 209.48+32.25
Education  Middle school 1.24+0.06  15.01+4.17  299.14+16.51 29.31#+3.55  157.03+19.51
level High school 0.86+0.04 6.80:0.49  265.67+13.11  42.45:8.37  200.01+17.96
College or higher 0.76+0.02 6.30£0.34 231.00£8.23 24.61£1.89 132.20£8.72

p-value (0.001** (0.001** (0.001** 0.032* 0.001*
Manager/Expert 0.77+0.05 5.24£1.06  220.69+16.02 25.53+4.85  133.83+£19.59
Officeworker 0.77+0.05 6.53t1.29  219.08+14.85 20.58+4.69 113.64+17.74
Service/Sales worker 0.93+0.05 7.61£1.16 2474341460 30.32+4.74  164.46+£18.67
Occupation Agricultural&fisher 0.9310.10 11.5812.61  323.68+20.18 29.81+6.70  171.75£31.23
Machine operators 0.76x0.04 6.81£1.25  270.79+17.17 61.13+24.26  236.76+35.80
Daily labors 0.97+0.06 8.42+1.28  335.8734.98 43.23+11.09 232.93+49.62
g}gi@;ﬁ}’giw - 0094003  10.17+1.01  28560+9.80 32.53+445 163.08+15.19

p-value (0.001** (0.001** (0.001** 0.025* 0.001*
Non-drinking 1.21$0.08  10.79t1.47 295.83t14.25 19.99+5.86  95.91+13.32
?t'gfuhso' <1 time/month 0.04+0.04  975+1.03 271.31+12.56 31724625 161.06+15.99
>1 time/month 0.8140.02 6.62¢0.30  257.01#8.80  37.374¢5.78  181.88+12.71

p-value (0.000** 0.001* 0.027* (0.000** (0.000**
_ Never 0.95£0.04 8.60:0.63  267.88+15.43 24.86£17.81 123.03+29.59
32&':”9 Former 0.83£0.05 8.63t1.37  229.42+1571 27.52+¢17.71 129.02+28.63
Current 0.80£0.03 550:0.46  308.89+13.34 71.63t17.73 361.89+29.41

p-value (0.001** (0.001** (0.001** 0.034* (0.001**

Continuous variables were expressed as weighted meanstweighted standard errors.

p-value was calculated by complex sample general linear model. *P<0.05, **/~<0.001.
Abbreviations: SPMA, S-phenylmercapturic acid; BMA, benzylmercapturic acid, PGA,

2-methylhippuric acid; 3,4MHA, 3-methylhippuric acid + 4-methylhippuric acid

phenylglyoxylic acid; 2-MHA,
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£ $F2 SPMA, PGA %7} p{0.001°02 §-2J5HA
ZolE HYlom, 53] o W Fot A5TolA A
07 &2 57t JEEHUY 2MHAS} 3,4MHAE &
5o @& {3t Aozt glglth 3 fFEEEs
SPMA, BMA, PGA, 2MHA, 3,4MHAL {-9J5t o]
7} et o (p<0.05), &3] 25 &9 olst ¢
Fotn EAoAN dHFEY =7t =4 SHE A
AATLEELE HE A HOA 3 5 Z}o|7h gl
EATHP<0.05). 25 AHo] mekas ZE A HoA
p<0.059] gt ztoj7t TE=Eom, SPMA, BMA
9} PGA skt BlSSolA A YeRdtt six|ut
2MHA®} 3,4MHA= =544 7HY =2 5&7t
HEE Y T A EAoAE e A HEE |2
gt ZFo]7F A2 H(p0.05), SPMAE IA 9 I &
Ao A WA YERGEATE PGA, 2MHAS}F 3,4MHAE

A SAREONA AFOR w2 sE EAJtt
(Table 2).

3. &8 Lf BTEX HjAME = Yot 4 XIE 2429
1

A

—_L—O

Table 39] A9 29 &4 23, SPMA &%= <
= &0}

4
BMA sk 9%, @93 Rt &9 #HdS B9
ou, FEYAEHE FAE= FYT 29 TATE T
HATHB=—0.11, p=0.030). PGAE= AutH oz oA}
A A EE v|Foivut FAFSN Qu7t QlQlct. wvt
H, 2MHA®} 3,4AMHA+= Hi5-52] 747 A ;o] 7ol
= Aoz T AHpP)0.05). WekA SPMA, BMA

Table 3. Associations between urinary BTEX metabolites (creatinine—adjusted) and clinical health indicators

Classification SPMA BMA PGA 2MHA 3,4MHA
Age (yn)
B 12.83 0.22 0.01 0.00 0.00
(95% ClI) (10.86, 14.80) (0.10, 0.35) (0.01, 0.02) (0.00, 0.01) (0.00, 0.00)
p-value 0.000** 0.000%* 0.000** 0.726 0.618
BMI (kg/m )
B -0.24 -0.01 0.00 0.00 0.00
(95% ClI) (-0.64, 0.17) (-0.02, 0.00) (0.00, 0.00) (0.00, 0.00) (0.00, 0.00)
p-value 0.248 0.061 0.022* 0.018* 0.184
Systolic blood
pressure (mmHg)
B 7.11 0.06 0.00 0.00 0.00
(95% CI) (5.45, 8.78) (0.00, 0.13) (0.00, 0.01) (-0.01, 0.00) (0.00, 0.00)
p-value 0.000** 0.053 0.183 0.449 0.842
Diastolic blood
pressure (mmHg)
B 0.58 -0.01 0.00 0.00 0.00
95% CIy (-0.51, 1.67) (-0.04, 0.03) (0.00, 0.00) (0.00, 0.00) (0.00, 0.00)
p-value 0.297 0.779 0.093 0.150 0.834
Glucose (mg/dL)
B 7.72 0.05 0.00 -0.01 0.00
95% CI) 4.31, 11.13) (99.19, 102.83) (0.00, 0.01) (-0.01, 0.00) (0.00, 0.00)
p-value 0.000** 0.000** 0.135 0.075 0.890
HbAlc (%)
B 0.35 0.00 0.00 0.00 0.00
(95% ClI) (0.23, 0.46) (0.00, 0.01) (0.00, 0.00) (0.00, 0.00) (0.00, 0.00)
p-value 0.000** 0.152 0.035* 0.785 0.566
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Table 3. Continued

HUS7IE ZAEE B

BTEX & &1t &&st

HHXE E= 267

Classification SPMA BMA PGA 2MHA 3,4MHA
Total cholesterol
(mg/dL)
B -3.71 -0.11 -0.01 -0.01 0.00
(95% ClI) (-8.22, 0.79) (-0.21, -0.01) (-0.02, 0.00) (-0.02, 0.00) (-0.01, 0.01)
p-value 0.105 0.030* 0.055 0.255 0.584
Triglyceride (mg/dL)
B 0.73 0.09 0.01 0.01 0.02
(95% CI) (-9.55, 11.01) (-0.32, 0.50) (-0.02, 0.04) (-0.03, 0.04) (-0.02, 0.07)
p-value 0.889 0.665 0.475 0.699 0.312
AST (1U/L)
B 0.48 0.03 0.00 0.00 0.00
(95% CI) (-0.72, 1.68) (-0.01, 0.06) (0.00, 0.00) (0.00, 0.00) (0.00, 0.00)
p-value 0.434 0.103 0.881 0.878 0.170
ALT (IU/L)
B -2.44 -0.05 0.00 0.00 0.00
(95% CI) (-4.34, -0.53) (-0.10, 0.00) (-0.01, 0.00) (0.00, 0.00) (0.00, 0.01)
p-value 0.013* 0.072 0.016* 0.480 0.375

p-value was calculated by complex sample general linear model. */~<0.05, **£<0.001. B: coefficient

Abbreviations: BMI, body mass

index;

SPMA, S-phenylmercapturic acid; BMA, benzylmercapturic acid; PGA,

phenylglyoxylic acid; 2-MHA, 2-methylhippuric acid; 3,4MHA, 3-methylhippuric acid + 4-methylhippuric acid

gL 4131 E}
4, 2t HHO| QHENL L BTEX CHAAME s 749
BN
1) 0&Q QHE 7io| m2iy
SPMA, BMA, PGA, 2MHAE ZHz+e] 2|11 AHEQ)4:

Q4 18

o ol &2

<99 24

2 Q=HE HG H[Z
1914 SPMAX OR=3.82, BMA:=

el 7P W2

AREAQDE
A(crude)st

OR=2.01, PGA+= OR=2.26, 2MHA+= OR=1.602.=

UEhdthTable 4). 2@ 104 44

3, A%, BMIE HE

Aol 2d 2 W §85ET I AET 2+ oL ALF]

shd guim), 9%, §Uo) AUST B W4 4
A% md 3 293 A9 BR A w4E 24w n

Table 4. Estimated odds ratio for the risk of hypertension prevalence according to SPMA, BMA, PGA, 2MHA, 3,4MHA

OR(95%Cl)
SPMA BMA PGA 2MHA 3, 4MHA
1 Reference Reference Reference Reference Reference
Q2 2.06(1.45-2.92)** 1.29(0.90-1.86) 1.18(0.85-1.66) 1.09(0.75-1.58) 1.17(0.82-1.67)
Q3 2.86(1.91-4.28)** 1.69(1.22-2.34)% 1.50(1.06-2.12)* 1.81(1.24-2.65)* 1.42(0.99-2.04)
Q4 3.82(2.563-5.75)** 2.01(1.28-3.15)* 2.26(1.66-3.08)** 1.60(1.09-2.35)* 1.33(0.92-1.91)
p-value {0.001** 0.006* €0.001** 0.007* 0.259

p-value was calculated by complex sample multiple logistic regression. */£<0.05, **/~<0.001.
Q1: 1st quartile (25th percentile), Q2: 2nd quartile (median, 50th percentile), Q3: 3rd quartile (75th percentile), Q4: Top
quartile (maximum range beyond Q3)
Abbreviations: OR, odds ratio; Cl, Confdence interval; SPMA, S-phenylmercapturic acid; BMA, benzylmercapturic acid;
PGA, phenylglyoxylic acid; 2-MHA, 2-methylhippuric acid; 3,4MHA, 3-methylhippuric acid + 4-methylhippuric acid
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Figure 3. Estimated odds ratio for the risk of Hypertension prevalence according to the 2MHA

Model 1 is unadjusted. Model 2 adjusted for age, sex, BMI. Model 3 adjusted for Model 2 covariates plus education
level, income level, alcohol status, smoking status. Model 4 adjusted for Model 3 covariates plus occupation.
Q1 : 1st quartile (25th percentile), Q2 : 2nd quartile (median, 50th percentile), Q3 : 3rd quartile (75th percentile),

Q4 : Top quartile (maximum range beyond Q3)

d 471A] thES BASE AatofA] SPMA, BMA, PGA
E BAA ool AAEQoY 2MHAE 2d 2~4
M= AR @ =ZH]E HAtHFigure 3).

2) 8= REE 79 HAd

Table 5= BTEX tAMIEY Gty FHEC] Tt

QzH|E HojZrh SPMA, BMA, PGA, 2MHAE 7
7S] AHERISQ4)ONAM B REET foT B
< Bk SPMAL 2E 1oAE 29 Aol #F
HAou, 24 ¥ fo o] dHes whdEe
FAFS B ArHFigure 4). 3], Q49 Q=ul= g 4
oA OR=3.07% Z7}5}3ch 2MHAE 29l 10 v]5}o]

Table 5. Estimated odds ratio for the risk of diabetes prevalence according to the SPMA, BMA, PGA, 2MHA, 3,4AMHA

OR(95%Cl)
SPMA BMA PGA 2MHA 3, 4MHA
1 Reference Reference Reference Reference Reference
Q2 0.53(0.26-1.06) 0.67(0.40-1.12) 0.98(0.56-1.71) 0.91(0.57-1.47) 1.22(0.76-1.95)
Q3 0.21(0.12-0.39)** 0.45(0.28-0.72)* 0.56(0.34-0.92)* 0.78(0.47-1.28) 1.03(0.63-1.69)
Q4 0.17(0.09-0.31)** 0.41(0.25-0.68)* 0.37(0.23-0.59)**  0.42(0.27-0.65)** 0.77(0.50-1.16)
p-value {0.001** 0.002* €0.001** {0.001** 0.201

p-value was calculated by complex sample multiple logistic regression. */£<0.05, **/~<0.001.
Q1: 1st quartile (25th percentile), Q2: 2nd quartile (median, 50th percentile), Q3: 3rd quartile (75th percentile), Q4: Top

quartile (maximum range beyond Q3)

Abbreviations: OR, odds ratio; Cl, Confdence interval; SPMA, S-phenylmercapturic acid; BMA, benzylmercapturic acid;
PGA, phenylglyoxylic acid; 2-MHA, 2-methylhippuric acid; 3,4MHA, 3-methylhippuric acid + 4-methylhippuric acid
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Figure 4. Estimated odds ratio for the risk of diabetes prevalence according to SPMA

Model 1 is unadjusted. Model 2 adjusted for age, sex, BMI. Model 3 adjusted for Model 2 covariates plus education
level, income level, alcohol status, smoking status. Model 4 adjusted for Model 3 covariates plus occupation.

Q1 : 1st quartile (25th percentile), Q2 : 2nd quartile (median, 50th percentile), Q3 : 3rd quartile (75th percentile),

Q4 : Top quartile (maximum range beyond Q3)
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Figure 5. Estimated odds ratio for the risk of diabetes prevalence according to the 2MHA

Model 1 is unadjusted. Model 2 adjusted for age, sex, BMI. Model 3 adjusted for Model 2 covariates plus education
level, income level, alcohol status, smoking status. Model 4 adjusted for Model 3 covariates plus occupation.

Q1 : 1st quartile (25th percentile), Q2 : 2nd quartile (median, 50th percentile), Q3 : 3rd quartile (75th percentile),

Q4 : Top quartile (maximum range beyond Q3)
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AdE IVHE HYoH, Q4 RH|= Yl 4o
2.36°2 89519 tHp=0.003)(Figure 5).

3) ISYUAHESHS RYE 7t9

4 194 SPMA, BMA, PGAE I ZAHEES
FHETS FAKCRE ot 4ol AHAFS HAoh
£3] SPMAE 5% 3710l wet fHEe] JiHos
Foote TS HaoH, Q4049 e=H|= 3.20
2 7P =9tH(p<0.001). BMAQ} PGA F3+ Q4 +7¢
oA @ZH]= 1.64 X 1.74 o]y, o]& FA] rdl 19
ATk 5ot FAIE YR ey A9, AE, BMI
9 AEAAY W 52 dAZHoRE HAT ol
(Model 2~4), olfgt |odL HF AAEH
(p»0.05).

| 2y

firg

4) IEHXUSHT RHE 7o Ay

SPMAY] 79, Q204 this: B Fox ot
¥ Aol TE=EPeH, B 404 1.74 (p =
0.024)2 YEelstth PGAE Q394 SA4XHES 41
E30] fost 29 JdT|HS HYow, 1d 304
0.52 , & 494 0.51& 2UtHp<0.05).
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JE, HA| 5 Add T A=l gt A4 =
7Fs/do] B 37| fEe s FPH. st $5%0|
255 fgHEe trAME s =4 JEET
(p€0.05). o= AY T FoliEd &0 EF A
BAA HIASANA B == 5 U= Al A
7] 2 wEof #3t APAFE(Ferguson et al.,
2020)= A 25350l 5 2 Auo HE=E11, dekgt
FA SHoE QI A @Y =Eo] VIS HojF

N
W

T3 & € 35 A UEtAE diikibE s
7t SAACE FootA EEfAl= ATFS Hof, HgE
o] BTEX k=20 G0l vA= 83 2= &
oI5t tt. APAH(Oh et al., 2020; Rafiee et al.,
20200004 & Ee TR T2 AgsTEol
AW W BTEX tiAHEEE $7F ATk s, E9]
7HFREC] B 50| BTEX &9 9= vzl
= AR s =

A o] TN T tAMEE 5T BAHCR
YoM EEAle A EYo A 2 AEvRe)
APRSARE B2 AR "o, e SOl Hldl
BTEX thAME9] w27 ¥ 243E Hol1 Qlth &+
4 Y 9 wEART 22 AR ARESARRRL)
PYPAE vt A AR EAG0 g gEit =&
Zto]7F Qlow, AMFZQ] 9 BTEXS] k&0l A9 gl
= HER2TeE A AREE o} Campo et al., 2015;
Scheepers et al., 2019). ofqt, 72} &5 FHe}
2 Aol v|s] BTEX HHARKRFES] 447}
B2 S Ho7|k Sttt FRe; Zo] 7Py FAR19]
3% BTEX =52 2 A4l AHF0, I uE, F
4 5 FH 2 810 osf TS 4 Ukl 5,
< Yrdy oo wet 57t FsHA S7FE 5
Aoe™, 100m o] =& AF MHA &% &5
Atolofl F-2J3t A g HoFItHOh et al., 2017).

AW W BTEX tjArbE A4 AGA R 7F AH 3]
A 24 23, SPMA+ 98, &=V @Y, €9,
HbAlcot FoJ3t ¥ JHBAE Erh 53] SPMA
9} HbAlc 7t 49 A= & Aol F52 1
gt Ao, HIAl kEo] @ thA 2Fof| JFE 1]
A 78S AARIH. BE Ao ditt AgA+
(Bahadar et al., 2015; Abplanalp et al., 2019)°4
= Ao sHEXo R EH ufeA TEHoA TE &
T 4 Qded Aol FosHAl STetReH, A
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F BAS £ BTX ==0| o] €49 EHA A
T UAAEZ ERIst=T o] A+ Bt FASHA
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