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2.1. IEAAF718FE(VOCs)Y Ma

2.1.1. LA 771 8FE(VOCs)Y 7d
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FEAS oustH, VOCse F7192 20TCelA 760torr(101.3 kPa)X .t} 2kl
ltorr(0.13kPa) .t} & 7|4 7FXITH.(ATSDR, 2005) 7Hg &3 VOCs=+
WA S5, A 2 oeday 2 At g3l 4 (Hydrocarbon: ¥ 3=
el ANE BEles 59 FREddd U EfEFERoddy e
st2 Al sl §3}44(Halogenated hydrocarbons)”} ¢l th.(Elena david et al., 20
21)

VOCs®| 4= Ard Aol A Q1A ], = 2 454, dstx, 94 A
g, aE, A8 A& AF AF 2 5 5o FFAA BAst= VOCE =7
gttt (Panday & Yadav R, 2018) §-#ute} &4 Folx+= VOCs #g 3 Fu
HES f8iA t7] S48 m e el VOCsE A Aste] iAstgom, 1A
H VOCs T7+ % 19 2ok (34 51LA] A2015-181%)
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¥ 1. 3AFgA ZLAF VOCsY =57
A AE ¢ EFH A4 CAS No
1 | HHNEGHs= C2H40 [CH3CHO] 75-07-0
2 | olAEa C2H2 74-86-2
3 | olAEE fFRlo|= C2H2CI2 540-59-0
4 |otazyga C3H40 107-02-8
5 |olagzyed C3H3N 107-13-1
6 | WA C6H6 71-43-2
7 | 1,3-5-Edal C4H6 106-99-0
8 | Fe C4H10 106-97-8
C4HS8[CH3CH2CHCH?2)], 106-98-9
9 |1-%d, 2-Fd
’ C4H8[CH3(CH)2CH3] 107-01-7
10 | At stera CCl4 56-23-5
11 | F=223x8 CHCI3 67-66-3
12 | Aol E =294 C6H12 110-82-7
13 | 12-tZF2Zof et C2H4CI2[CI(CH2)2 Cl] 107-06-2
14 | goleo}nl CAH11N[(C2H5)2NH] 109-89-7
15 | gueo}nl C2H7N 124-40-3
16 | g C2H4 74-85-1
17 | F5L 8| = CH20[HCHO} 50-00-0
18 | n-3AF C6H14 110-54-3
19 |orzzdaz C3HSO[(CH3)CHOHCH3] 67-63-0
20 | WlEre CH4O[CH30H] 67-56-1
21 | vEdqaAE C4HSO[CH3COCH2CHS3] 78-93-3
22 | vEaF2gol= CH2CI2 75-09-2
23 | €8] o] (MTBE) C5H120[CH30C(CH3)2CH3] 1634-4-4
2 | ZzzdA C3H6 115-07-1
25 | ZRIdS Aol = C3H60 75-56-9
26 |L1L1-EgZ&2=2dE C2H3CI3 71-55-6
27 |EgZERodd C2HCI3 79-01-6
28 | 3]t - 86290-81-5
29 | T4 - 8030-30-6
30 | ¥ - 8002-5-9
31 | oFHEAHZA) C2H402 64-19-7
32 | ol &ulAl C8H10 100-41-4
33 | YEZ WA C6H5NO2 98-95-3
34 | =25 C7HS 108-88-3
35 | HEZZFEZZq49d C2Cl4 127-18-4
36 | Ao, m-p-E3H) C8H10 1330 20 T 58
37 | ~dga C8HS 100-42-5
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1. A18 F =" (Type 1 Diabetes Mellitus, TIDM) : A7}H S s el A 3 3} 3

2 ools) wAsy, Qugor A& A AW Frsn g A

o

2. A28 " (Type 2 Diabetes Mellitus, T2DM) : Q&8 A3 3fol| A 2

A3k WA Jled e A E42 A8 T

3. 9% =EE AUE By 5 e QU0 A% 54 £ Fu

oA 9= A" (International Diabetes Federal, IDF)l A= 4
gae] 7k 201569 49 15002 el A 2045 6] = 79 83009 WO F
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Estimates of the global prevalence of diabetes in the 20-79 year Projections of the global prevalence of diabetes in the 20-79 year
age group (millions) age group (millions)
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7} &4 2 th.(Chatterjee S et al., 2017)
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Far g v A= g g dEe] B v 9loem (Cox et al., 20
07; Turyk et al., 2009;Airaksinen et al., 2011; He et al., 2013) FvlE]~ ¥
A Y (Rheumatoid Arthritis, RA), o}&3] 3] 5-< (Atopic Dermatitis, AD)2} 2+
& A7bdd Agho] TNF-q, IL-6, IL-169 2 $1Z4 Abo]¥712l7 RA 2
7HA To 82s E ) Gnw WHUIHdoR Agste Aow dHATh(L

J et al, 2023, Lei D et al., 2024)

MODIFIABLE RISK FACTORS I NON-MODIFIABLE RISK FACTORS |

it 149

Physical inactivity ~;  Genetics &

o
Overweight/obese \\ / / Family history
4

TYPE 2

DIABETES

: |

Race/ethnicity
Poor dietary habits / \

» Increasing age (>45)

Hypertension

— :

L1} _g- ,.- - History of gestational
Smoking . . diabetes
Certain medications

e.g. glucocorticoids
¥ 4. A28 e 8l

< 2] :https://albanysclinic.com/ 34 9:2024\d 129 5

VOCsell vt x=Fo] Yy Wi &S mivs Bis g 59
A8k 201572017 b RIS B 7] 22 AHKONEHS) ] o] E
&3 Tl AT = 194 ol e S Aol & T uE WIS
5} <=4 (Polycyclic Aromatic Hydrocarbons, PAHs) WAl 1-OHP, 1-OH

I
1
BN

2
>

>
o
ie]

(T
o

Phe, 2-NAP, 2-OHFlu i VOCs(lAl 2 E7F4l) tirab=<l t, t-MA

A

Edx EdA-FE4H, BMAMWAW 25240 w5270 vvk 9@ Gy 9

B3 2 Avbgel tialA EASth & F 2-OHFWS) t t-MAS] AHE9)
b 2l weba A28 gl sldel Erhgon, ¢ -MAS) A ¥
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o W& FEAMANAE VOCS ded A3 2 Il el dg A4
Aol A= mVOCe ARE 1+ Folgh o i oA4dolA ddunT =
ki, -2 VOC tiAkAl= oA Aol dAdune #FostAl =Rtk (Xueting
Wang et al., 2023)

THY Al ARIIT 352285 Wi o R AAG §-3-F3to] (Wuhan-Zhu
hai, WHZH) &4 22 E A7 dolgAe &8 d7olA = 2011-2012d
Hlo]z~gklo A 2014-20159 9] & S¢S &&sto], ofa=w < A= 3
-HPMA (N-acetyl-S—(3-hydroxypropyl)-L-cysteine)2} CEMA (N-acetyl-S

2L

ME

>0

>

} A (Glucose Homeostasi

Ath 1 AR dd e

O

-(2-carboxyethyl)-L-cysteine) =Z#3% EE=9 I

2

s), A28 F=W(T2DM)el| et JAAAE 2243}

™

25 ola =< HAMHE(3-HPMA, CEMA, UACLM (Total Urinary Acro
lein Metabolites, UACLM)©¢] 3u] 7} Ao 374 Ed 3 7HHomeostasis
model assessment insulin sensitivity, HOMA-IS) &2 591-652% 74l
do] e Ao yeyi, ¥5IFEFPG), ¥5<lEd(FPD, HOMA-IR, ¢
dALY FHAY, FEIEGHNAFG) A9, A28 =9 g 22 0.0
7-0.14mmol/L, 4.02-457, 591-6.52, 19-20, 18-19 &3l 23-31% S 7Fst=
Aow Ut FHHom= ofaE5H Sl tAEE S #2171 Ho] 28kl F
AR ] AEHHom =2 FJpAAA dEd AFAPIR), THEEZFANAF
G), A28y F=r(T2D) T8 Fe] 2H7F 63-80%, 87-99%, 120-154% <] s}
Al S7FAe =g P AR E A -1 7] dakstera) &4, A E A8
iso-prostaglandin-F2a), 4 7kHd), A3} DNA £4H8-hydr
oxy-deoxyguanosine) WA YF 2] HlolulAEL 9o AT#A A b.
00-3896% % w7l 91k 22 VOCe Ul 2 =9 A5 AxE2 9

A, olAZH 5S HFET VOCsE©] A28 Jud 2 A4 3 gALR

i)
Uy
by
o

z
Y,

=5

o]
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B AF3E= A87] ARG ZAHKNHANES-VI) & 714 Aul&7]

()
BN

AR BRGARA AAAE 24 R 19807014 e e 2L 7

-

194 mRke] A ad e A9 F

= Aot
# 5 F(F dAA®) 28a 39
ol e & &2 ASA7F A A= A9 w A

Aot 2e AR AAHE B 1,33780 HF B AR AAEHA
(19 5)

Adult participants for 8% KHANES
home indoor air quality and biomarker
surveys for environmental toxics
(N=1,980)

(Male=893, Female=1,087)

Excluded Participants
(N=486)

- Paricipants who have been
diagnosed with diabetes by
a doctor(N=226)

- Missing variables(N=417)

Final participants
(N=1,337)

a9 5. Ay A A AA
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2 AT mE:Hes A7 FvdAdSER=A T 7HE AWerid A
EL Faled AAAZ ZAE T 53T AFHEAES 2&F VOCs
AR 9F 9] FEE sttt A VOCs 959 o =42 Benzene(l
A), Toluene(EF2l), Ethylbenzene&Styrene(ol & ¥l Al & ~~E] @), Styrene(~E]
), Xylenel, 2(xk4 & 1, 2), Acrolein(e}=ZZ#2)), 1-Bromopropane(X. & 5. 3%
23), 1, 3-Butadiene (F-Eftjel)ol™ o]d tf-§3st= thALA S} okol= #lAl(N
-Acetyl-S-(phenyl)-L-cysteine, SPMA), =53l (N-Acetyl-S-(benzyl)-L-cys
teine, BMA), °f &l Al &2~ E] @l (Phenylglyoxylicacid, PGA), 2~¥]#(Mandelica
cid, MA), A< #@-1(2-Methylhippuric acid, 2-MHA), A} #-2(3 and 4-Meth
ylhippuric acid, 34-MHA), °}= & 21(N-Acetyl-S-(3-hydroxypropyl)-L-cys
teine, 3-HPMA), B ZX X 2 3(N-Acetyl-S—-(n-propyl)-L-cysteine, BPMA),
F-e}t] el (N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine, DHBMA)©]| t}.

9 WA ES A =E ol &3 T FA el A 7IHA] e L
C-MS/MSE °]-&% &
of webaA FA T AL
zu AFe] Nexera XR LC-20AD Al2~®lS ARE319 3L, A #E24 (Mass spetrom
etry)S SciexAt9] Triple Quad API 55005 AF-g&3le] A3k tE. A A = (spot
urine)®] HAS flA aZdlotEd sRgS F85UAL, rEFEE HYE
WHO 7Fo]l=e}elel] wheba 0.3~3.0g/L M E Holue 32 dA A8 2 &
AA I} A5 Al AS5A 8 v (WHO, 1996)

rE

F AW RU1EE WA BA Y AW,

>
ofo

o= AAa=ZvtE T3 (HPLC) =74 Al Shimad
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= A8 v
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3, B8, T e M) WFEE FRAGON, WEE G4 gy, 1F,

L ZEolSY 4 WFE FRIAT

AZGAH A W HvE o i AFtgate] AAAS AAE VEoR
BMI (Body Mass Index, A4 &FA5)E 7oz T#38t9.2H, BMIZ}F 0718,
S5km/m?r w2 A A% 185°]4 23km/m? "] 9 A4, 23km/m?°]A 25km/m
frl ek (AT 20km/m?eol 2 HlWrew FEElal, SIS 9% A/

MR TR BMI=25km/m?E 71Eo® TREAT. A7 &F R AT

A7 SRS gAY 9 13 vE SFE s 9 SFEAE, 1 g
s olgRAR TRedon, FREAL 98 &F FTE A FAE ©

FAZ, A FFAL HeFAE HeF wom RS RS A
Ads e FA2AE 54 -(GPAQ, Global Physical Activity Questionna
ire)oll w2} METs(Metabolic Equivalent of Task) H4E At&s9 1 &4
METs A9 ¥ 545 Moz AAgs 4=s 14

Frez Mttt METs fg= AP lkcal/kg= A o=, 2 A3
F(ml/kg/min) S 2% Ao ¥ o] IMETS 7}uks] ¢rollSulo] Ak A= el
°F 35ml/kg/min¥} Zth METs 2F& “7ZF 2859 ZE=(MET level)x 21 A

ZE A minute)x 59 FE 3AF"E Fd AESon, AASEY ol

Wel nAE Bl tE AFAE 80, FAE D A7 FElE 409 F
A& wolste] AFaAch B AT nBFEE Holw 3% o4 4P &
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v

—_—
o

ol
1o

—
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file)
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Sh
4%
iin
i
lly
rlo
tol,
=)

2dd mE By SEE AFE3de] percent change®t 9
5% Al G7He g2l o, VOCs 8% tAA 29 Quartile &7}l u}

interactionS =HZ F JPdozmHE A& FAHX E, ¥} E, ¥ TEFEL

72} SE(El ), SE(Ez )Oﬂ}\'] ;‘(}o] d:E1 - Ez - E%Q_i} SE(d):

o

JSE(E )+ SE(E,? & 7k W& z=d/SE(d)
Fetoll A 2ol d7F Oclgh= AT 7 tieh Ao =& & = Utk Aol
of gt 95% AlE G372 d-1.96SE(d)lA d+1.96SE(d)e]t}.(Altman DG, 200
3) BE EAEALS SAS (Statistical Analysis System) 9.4 Version (SAS, C
ary, NC, USA)E ol&3tlaL, At o4 A4 P<0.055 7o = &
AT
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BoATd=E dAdRmY AtAe]l 993 (Institutional Review Board, ©]3d} 1

RB) A 9lol4 IRB <<9l& LATHIAND © 4-2024-0980). & Aol A&

3k KHNANES dH|o]E]i= Aldo] 2E tiizlo Al A& 2 HAF 3 594

=l
worow, At ARGHE Z=T9k AL AAdEY A4 91¢3 IRB

A 2]}

il

ofy

o
ol S Wk

ay
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A7 7 3}

41 ATFHIAY QWA 54

B oATE A8Y] A YEA T 2020~2021d AlEE 7HE AT
2 248 S Faled AAAR 2AF AAARE MR R JALRYH B
w AeE A 2 ARIRE 194 o)) & HF A 1,337 S A s
R, A 7AW A 5 Hagk fdAEe] dnkd S 29 2
ot E A S 5739 (42.9%), 1S 7647 (57.1%) 0™, H 1t ol= 51.8(x16.5)A]
Aok A AN A wFFE] wE e 25%u ¢ oldte 2207
(16.4%)01l o™, Feu &9 o]st= 12498(9.3%)olNeH, isdtu &4 o]
sk 4179 (31.2%) 0l om o T
T2 AA AR A 4R9TE VIR 13T e 2229(16.6%), 2w
+ 3107 (23.2%), 391 36878 (27.5%), 439+ 43778 (32.7%) ] 3l ot

A7Ad WA qidAtES WA BMICA = 18.5km/m* ©]at7t 647 (4.
8%), 18.5km/m?*ell A 23km/m*7FA] 5027 (37.5%), 23km/m*ell A 25km/m?*7}4]
3037 (22.9%), 25km/m*°]7E 465%8(34.8%)°l Atk FAH > HFAA(EFA
&<t 100708 mwh7E 8367 (62.5%), 71 FAA= 3187 (23.8%), Al &<
k= 1839 (13.7%) 1At &5 FEl= W52 14898 (11.1%), IA =53
(FH< 19 oW BIZF2h) 5097 (38.1%), dA +FAF+= 6807 (50.8%)°] 3 2
o, AAgEe] B A= AAGES 75279 (56.2%), T4 E AASES 339
(25.4%), 7%= AA 252 2461 (18.4%) ] A .

AA hgAtel A o] A A E T2 A Hol = A= 6447 (48.1%) ] A
o adEste] HAH| A= tidAE 3739 (27.9%) o] At

El
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E=EWEQ 9F 9 VOCs £F tALA 9
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o MATFHOR
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kel 5, 25, 50, 75, 95
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hyA
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L
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X 2. 7R duty 54

Total Population .
Variables (N=1(ZI3’37) (N‘Zgzg]g%e;' 4{‘)17)
(Unweighted) e

Age, years [Mean (SD)] 52.15 (16.6) 47.4 (0.6)
Sex (N, %)

Male 573 42.9 17,090,191 49.7

Female 764 57.1 17,275,216 50.3
Education Level (N, %)

Primary school 220 16.4 3,347,341 9.7

Middle school 124 9.3 2,494,014 7.3

High school 417 31.2 12,711,429 37.0

College graduate or higher 576 43.1 15,812,622 46.0
House income (N, %)

Quartile 1 222 16.6 3,736,661 10.9

Quartile 2 310 232 8,012,931 233

Quartile 3 368 27.5 9,828,735 28.6

Quartile 4 437 32.7 12,787,079 37.2
BMI (kg/m2) (N, %)

<18.5 64 4.8 1,577,958 4.6

18.5-23 502 37.5 13,001,441 37.9

23-25 303 22.9 7,777,331 22.6

>25 465 34.8 12,008,677 34.9
Cigarette smoking (N, %)

Never smoker 836 62.5 19,490,917 56.7

Former smoker 318 23.8 8,936,077 26.0

Current smoker 183 13.7 5,938,413 17.3
Alcohol drinking (N, %)

Never drinker 148 11.1 2,493,439 7.3

Former Drinker 509 38.1 12,447,332 36.2

Current Drinker 680 50.8 19,424,635 56.5
Physical Activity (N, %)

Low 752 56.2 17,962,152 52.3

Moderate 339 254 9,366,527 27.2

Vigorous 246 18.4 7,036,729 20.5
Comorbidites (N, %)

Dyslipidemia, yes [N(%)] 644 48.1 15,066,045 43.8

Hypertension, yes [N(%)] 373 27.9 7,958,440 23.2
FBS (mg/dL) (Median, IQR) 95 12 943 12.2
HbAlc (%) (Median, IQR) 5.6 0.5 55 0.5
Insulin (uIU/mL) (Median, IQR) 72 5.3 7.1 5.1
HOMA-IR (mg/dL) (Median, IQR) 1.7 14 1.7 1.3

A, A, AKFFE, 7HAES, BMIL 4 2@ 55 9H, AAZRE, o AAES W nEt
5= Mean (SD)E R7|3}gl o, 353, F3td A4 147 2 HOMA-IRS Median
(IQR)Z 73




* Abbreviation : SD=Standard Deviation, IQR=Interquarile Range, BMI=Body Mass Index,

FBS=Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment

for Insulin

¥ 3. A7HEA SHAET 54

. Percentile

Variables M GSD) — 5 25t soth  75th _ 95th  Max
VOCs (N=1,337)

SPMA (ug/e) 022 (051) -131  -1.01  -061 -025 011 069 167
MA (ng/g) 508 (0.79) 179 388 462 508 553 633 86l
BMA (1g/g) 17 (09) 062 047 106 158 222 335 575
PGA (ug/e) 543 (0.7) 081 444 513 546 579 633 865
OMHA (1g/g) 296 (0.73) 096 203 252 284 325 426 835
34-MHA (ug/g) 459 (081) 160 357 408 445 490 615 892
3-HPMA (png/g) 6.1 (072) 420 499 558 606 654 735 951
BPMA (1g/g) 363 (128) -196 141 285 367 456 561 730
DHBMA (g/e) 548 (035) 395 497 525 547 569 607  7.04

* Abbreviation : GM = Geometric Means, GSD = Geometric Standard Deviation, SPMA=

N-Acetyl-S-(phenyl)-L-cysteine, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicacid,

MA=Mandelicacid, 2-MHA=2-Methylhippuric acid, 34-MHA=3-and 4-Methylhippuric acid,

3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,
BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine

* Log transformed
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4.2. AT AEAANA VOCs thALA 9 F AR E9] a4

2 T VOCs thAtAl s&=¢t & thAbAE 3He] dad s A9 A3 o
& % 49 2o 8 T VOCs "4l 5 Benzene(SPMA), Acrolein(3-HPMA)
o WAAIZ} 247t FEEE, Qle ¥, HOMA-IRS 49 da#4S& veillen,
Toluene(BMA), Ethylbenzene&Styrene(PGA)S J&¢d == HOMA-IR¥ <
o] A#AAFE eI

H A Benzene? TtHAFAISl SPMA(N-Acetyl-S—-(phenyl)-L-cysteine)2] 7
T, 1% 5713 g5 ddo] 1.88%(95% CIL 0.14, 3.66) F2lstA <78t A&
2 vEREkal, HOMA-IRS 8.46%(95% CI: 0.31, 17.28) frelstAl &9tk Acro
lein®] thAFAIQl 3-HPMA(N-Acetyl-S-(3-hydroxypropyl)-L-cysteine) = I
€d 3 HOMA-IRS 7Z+7} 5.80%(95% CI: 0.86, 10.97), 5.94%(95% CI: 0.35, 1
1.85) #ostAl Eole Ao =® YEyT

3k Toluene®] ©AFASl BMA(N-Acetyl-S-(benzyl)-L-cysteine) = 1%
7t dEH o] -4.60%(95% CI: -852, -053)= rolshAl 43t ar, Ethyl
benzene&Styrene] tAA| 2l PGA(Phenylglyoxylic acid)&= 1% 5714 <&
3} HOMA-IR®] -5.20%(95% CI: -9.47, -0.74), -5.74%(95% CI. -10.96, -0.
23)= FoletAl ik Aom eyt

O
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X 4. VOCs HALA ¢ T HALA F &4 AH#A

Glu FBS* HbAlc* Insulin* HOMA-IR*
Variables Percent change Percent change Percent change Percent change
P-value P-value P-value P-value
(95% CD (95% CD (95% CI) (95% CI)

SPMA (pg/g) 1.88 (0.14, 3.66) 0.04 0.28 (-1.13, 1.72) 0.70 6.46 (-0.46, 13.806) 0.07 8.46 (0.31, 17.28) 0.04
MA (pg/g) 0.50 (-0.55, 1.56) 0.36 -0.33 (-1.03, 0.37) 0.35 -0.25 (-4.19, 3.85) 0.90 0.24 (-4.36, 5.00) 0.92
BMA (pg/g) -0.14 (-1.18, 0.90) 0.79 -0.46 (-0.99, 0.08) 0.10 -4.60 (-8.52, -0.53) 0.03 -4.74 (-9.35, 0.10) 0.06
PGA (ug/g) -0.58 (-1.95, 0.82) 0.42 0.43 (-0.19, 1.05) 0.18 -5.20 (-9.47, -0.74) 0.02 -5.75 (-10.96, -0.23) 0.04
2-MHA (pg/g) 0.09 (-1.52, 1.73) 0.91 0.53 (-0.11, 1.18) 0.11 0.48 (-5.35, 6.67) 0.87 0.57 (-6.38, 8.04) 0.88
34-MHA (pg/g) -0.07 (-1.51, 1.39) 0.93 0.51 (-0.23, 1.26) 0.18 -2.39 (-8.07, 3.63) 0.43 -2.46 (-9.05, 4.61) 0.49
3-HPMA (pg/g) 0.14 (-0.99, 1.27) 0.82 -0.11 (-0.98, 0.78) 0.82 5.80 (0.86, 10.97) 0.02 5.94 (0.35, 11.85) 0.04
BPMA (ug/g) -0.02 (-0.68, 0.65) 0.96 -0.13 (-0.55, 0.29) 0.56 1.97 (-1.05, 5.09) 0.21 1.96 (-1.39, 5.41) 0.26
DHBMA (ug/g) 1.10 (-1.66, 3.92) 0.44 1.15 (-0.88, 3.23) 0.27 4.48 (-6.00, 16.12) 0.42 5.62 (-6.26, 19.00) 0.37

* Log-transformed
: Glu_FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
SE= Standard Error, SPMA= N-Acetyl-S-(phenyl)-L-cysteine, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicacid,

* Abbreviation

Resistance,

MA=Mandelicacid, 2-MHA=2-Methylhippuric acid, e34-MHA=3-and 4-Methylhippuric acid, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,
BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine

* Adjusted for sex, age, house income, obesity, alcohol status, smoking status, education level, physical activity, dyslipidemia, hypertension
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4.3. 8 VOCs(SPMA, 34MHA, 3-HPMA, BPMA) Quartile®d

A1
ax

M

?1e] VOCs thrtAlet & thabA 2 eke] Aagdol A FostAl o] dads
HAE thAFA(SPMA, 3-HPMA)E 9] =& AR F 7S Uiro] AR S
T 7kl wE G AR E 3 FEFS F 5ol HErAT. VOCs tHAHA
AR Z7to] W2 FAE A3 B A P for trendE AtE3sg oW, P for
trend #tol 0.05 oletd W FAACE Fo|F FAZE vk AU &

4 A g, AY, TR, N

CL 0.09, 5.03) S7tst= Ao YEYI P for trend®= &R1% % S7}ol
e FAE FoletAth(P for trend<0.05) HOMA-IRZ A1ARE$1S did]
A 3ARE 9] ol A 12.22%(95% CI: 0.18, 25.71) freJstAl S7Fshe RS2 e

Sou dxAojlon, A= fFoakA okt

3-HPMA= ¢l&do] AARE9IS thH] A2, 3, A2 el A 10.69%(95%
CI: 1.75, 20.42), 16.53%(95% CI: 7.86, 25.89), 10.53%(95% CI: 1.67, 20.15)
oA F7telE Ao R YErow P for trend? 213 5% F7bo] wE
FAE FotA (P for trend<0.05) HOMA-IR> A1ARES1+ tiv] A 2, 3
AR el Al 12.58%(95% CI: 2,51, 23.65), 18.85%(95% CI: 8.37, 30.35) +<]
Al S7tste Aom yetwon FAR F9eAth(P for trend<0.05)
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¥ 5. ¥8 VOCs (SPMA, 3-HPMA) Quartile® £4]

Glu FBS* HbAlc* Insulin* HOMA-IR*

Variables Percent change P- Percent change P- Percent change P- Percent change P-

(95% CI) value (95% CI) value (95% CI) value (95% CI) value
SPMA* (ug/g) 1.88 (0.14, 3.66) 0.04 0.28 (-1.13, 1.72)  0.70 6.46 (-0.46, 13.86) 0.07 8.46 (0.31, 17.28) 0.04
Q1 (range 0.27-0.49) Reference
Q2 (range 0.49-0.72) 091 (-1.15, 3.02) 0.39 -0.82 (-2.04, 0.43) 020 4.21 (-4.94, 14.25) 0.38 5.16 (-5.27, 16.75) 0.35
Q3 (range 0.72-1.05) 2.37 (-0.33, 5.14)  0.09 0.59 (-1.37, 2.59) 0.56 9.63 (-0.59, 20.90) 0.07 12.22 (0.18, 25.71) 0.048
Q4 (range 1.05-5.30) 2.54 (0.09, 5.06) 0.04 -0.38 (-2.08, 1.34) 0.66 5.59 (-4.72, 17.02) 0.30 8.28 (-3.83, 21.91) 0.19
P for trend 0.03 0.92 0.16 0.09
3-HPMA* (ug/g) 0.14 (-0.99, 1.27) 0.82 -0.11 (-0.98, 0.78) 0.82  5.80 (0.86, 10.97) 0.02 594 (0.35, 11.85) 0.04
Ql (range 66.45-256.17) Reference
Q2 (range 256.17-410.95)  1.71 (-0.31, 3.76)  0.10  0.27 (-1.06, 1.61)  0.69 10.69 (1.75, 20.42) 0.02 12.58 (2.51, 23.65) 0.01
Q3 (range 410.95-669.59)  2.00 (-0.47, 4.52)  0.11 1.11 (-0.65, 2.91) 022 16.53 (7.86, 25.89) O.(TOI 18.85 (8.37, 30.35) 0501
Q4 (range 669.59-13496)  -0.34 (-2.60, 1.98) 0.77 -0.66 (-2.40, 1.10) 046 10.53 (1.67, 20.15) 0.02 10.15 (0.03, 21.30) 0.051

P for trend

0.99

0.80

0.01

0.02

* Log-transformed
* Abbreviation :

Resistance,

Glu_FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for sex, age, house income, obesity, alcohol status, smoking status, education level, physical activity, dyslipidemia, hypertension
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44, 48 BE F8 VOCs¢ 7 AR RS d#A

VOCs(SPMA, 3-HPMA)$F F tiAbA mebe] Aol d3s vz & e
o] 7k 8QlES A¥ry] fd A, §9 9 &F §F T QU=
AN A AES Y 1F 07 o] A A}

wA Ao wE FahEAe] Ao A (E 6), SPMA 1% S7F Al @49
FEP o] 374%(95% CL: 0.71, 6.87) frlstAl S7tstdon Ao e 3
Wzl 7b fo] ok (Pinteracion<0.05) & %=ol webA = Al 1AHES S v
A AAFE9I SOl A 4.06%(95% CI: 042, 7.83) &7t on, H% F7bo] wa

e

Wi

=

FAE Fo k(P for trend<0.05) 1&H o] AAdA = A4 A 1AL
w9 dE Al 2ARE 9 el A 11.36%6(95% CL: 0.81, 23.01) S 7Fstt o ¢
ZAo)Aa, FAE FoskA ekokth. HOMA-IR#O] #HA A= HA 9 HO

MA-IR®] 14.13%(95% CIL: 0.85, 29.16) frolatAl T7tglen, Fxol wepr s
FA A Al ARG tib] Al 4AHE S Sel A 20.4296(95% CL: 2.23, 41.86)
FolatAl F7FaL, oAM= Al 2AREAFAlA 12.70%(95% CL 0.78, 26.0
) 7T

3-HPMAE % ZF7bel whE& EAoA oo Al 1AHESS o] A 2, 3
AP ol FEET, Fatd A e, HOMA-IRY @22l %o <
HAE FogtA HAFAoHY, FA7E fFojstA s ackon A wE A
5 2] & k. (Pinteraction™>0.05)

o]

H1

ry
B\
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X 6. Add & VOCs(SPMA, 3-HPMA) thAAI ¢t & AL o] QB4

Glu FBS* HbAlc* Insulin* HOMA-IR*
Men ‘Women Men ‘Women Men ‘Women Men ‘Women
(N=17,090,191 (N=17,275,216 (N=17,275,216 (N=17,090,191 (N=17,275,216 (N=17,090,191 (N=17,275,216
(N=17,090,191)
) ) ) ) )
Variables Pinte Pinte Pinte Pint
% p % p racti % p % p racti % p % racti % P % erac
Change valy Change valy 7 Change valu Change valy " Change valu Change valw " Change valu Change valu tion
(95% . (95% R (95% o 95% R 95% . 95% . (95% . (95% R
CI CI CD CD) CD CI) CI CI
3.74 0.39 0.94 -0.03 10.01 1.98 14.13 2.38
SPMA¥* (0.71, 0.02 (-0.45 - 0.37 0.04 (-1.79, 0.51  (-0.49, 0.85 0.50 (-1.27, 0.0S (-1.84, 032 0.20 (0.85, 0.04  (-2.00, 0.2¢ 0.10
6.87) 1.24) 3.74) 0.42) 22.59) 5.95) 29. 16) 6.94)
Q1 Ref.
2.57 1.21 1.29 -0.06 9.83 11.36 12.66 12.70
Q2 (-0.64. 0.12  (-1.07, 0.30 (-1.04, 028  (-1.29, 0.92 (-3.99, 0.17  (0.81, 0.04 (-3.21, 0.12  (0.78, 0.04
5.89) 3.53) 3.63) 1.19) 25.64) 23.01) 31.13) 26.04)
2.53 1.81 0.84 0.07 8.17 7.95 10.91 9.90
Q3 (-1.06, 0.17  (-1.19, 0.24 (-1.61, 0.51 (-147, 0.92 (-5.45, 025 (-4.13, 0.21 (-5.21, 0.2 (-3.96, 0.17
6.25) 4.90) 3.36) 1.64) 23. 76) 21.55 29.78) 25.77)
4.06 1.05 1.23 -0.16 15.72 0.05 7.83 20.42 8.96
Q4 (0.42, 0.03 (-1.43, 0.41 (-1.43, 037 (-1.57, 0.82 (-0.11, 3 (-4.07, 0.21 (2.23, 0.02 (-4.61, 0.21
7.83) 3.59) 3.97) 1.26) 34. 07) 21.20) 41.86) 24.47)
P for trend 0.04 0.37 0.46 0.89 0.08 0.32 0.047 0.29
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3-HPMA*

Ql

Q

Q3

Q4

P for trend

-0.05
(-2.05,
1.99)

Ref.

-0.02
(-3.77,
3.88)

0.70
(-3.71,
5.31)

-0.76
(-4.91,
3.57)

0.87

0.99

0.76

0.73

0.35
(-0.41,
1.12)

Ref.

2.95
(0.69,
5.25)

3.26
(0.71,
5.88)

0.89
(-1.23,
3.06)

0.37

0.37 0.71

0.01

0.01

0.41

1036
(-1.92,
1.22)

Ref.

0.38
(-2.82,
2.12)

0.59
(-2.81,
4.11)

-1.33
(-4.56,
2.01)

0.65

0.65

0.76

0.74

0.43

0.08
(-0.42,
0.59)

Ref.

1.13
(-0.37,
2.65)

1.75
(0.17,
3.35)

-0.03
(-1.54,
1.51)

0.75

0.7 0.60

0.14

0.02

0.97

7.

13

(-0.32,

15.

13)
Ref.

6.57
(-5.25,

19.

87)

8.55
(-4.75

23.
13

70)

75

(-121

30.

98)

0.07

0.0¢

0.2¢

0.22

0.0¢&

3.65
(-0.13,
7.57)

11
(0.
23.

15
3.
29.

10

Ref.

.61

80,
s7)

.80

78,
20)

71

(-141

24.

32)

0.06

0.0¢

0.04

0.01

0.0¢

0.42

7.07
(-1.59,
16.50)

Ref.

6.56
(-7.64,
22.93)

9.30
(-7.10,
28.60)

12.88
(-4.58,
33.55)

0.15

0.3¢

0.26

4.01
(-0.19,
8.39)
Ref.
14.90

(2.87,
28.33)

19.58
(5.60,
35.41)

11.70
(-1.55,
26.72)

0.06

0.0¢ 0.55

0.0z

0.01

0.0¢

* Log-transformed

* Abbreviation : Glu FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin

Resistance,

SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for age, house income, obesity, alcohol status, smoking status, education level, physical activity, dyslipidemia, hypertension
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45 F4 2 S5 & VOCs¢ 7 WA RS d#A
451, §A oJ¥o] BE ZHBA

F oo WE BEHAM(E 7), SPMAE &4 oHg VOC =% Fxo
wE EA A o etA] FRdTh

3-HPMA= HEdwolA s A3 HOMA-IRS 27 6.48%(95% CI: 0.89,
12.38), 6.96%(95% CIL: 0.63, 13.69) folstAl Fol= o= Yetytov F4
T2 A 7 Zole FeA R AT (Pinteraction>0.05) 3-HPMA =% &%=
2 B E HEATNAN FEIGTS A ARG ] 2, 3AHES 5ol
247} 310%(95% CIL: 1.15, 5.08), 3.22%(95% CI: 0.69, 5.80) 2] &tA =0
Ao& Yegoy FAE ot @okth dede vFALAA A 1
915 oin] 2, 3, 4AHE 5ol A 13.04%(95% CI: 3.47, 23.48), 14.86%6(95%
CL: 3.34, 2767), 11.33%(95% CI: 1.77, 21.79) fr2l8tAl =olx= Ao & ey
o, HOMA-IRE Bl & Aol A Al 1AHES S tiv] 2, 3, 4AHE 9157014 165
3%(95% CI: 5.83, 28.32), 1856%(95% CI: 5.40, 33.36), 11.74%(95% CI: 1.20,
23.39) FoltAl =ole Ao® Yoy <dedd HOMA-IR 25 v 5
oA VOC & F7te] meE FAHAE o8k st

X

rr

>~
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gl
ol

452. &F AF o SHEA]

SF oo wE BEAA(F 8), SPMAY HE7F 1% F7F Al 54 &
o 4 ¢] HOMA-IR®] 11.39%(95% CI: 0.59, 23.35) &7}et= Aoz UEiste
U, Aek 3F Afol= folekA 2tk SPMA =% FEo 02 ddAde HS
FAREO]l Al IARE S oiH] 2, 3R SIgel A dE™ FAE 19.96%(95% CL
7.15, 34.31), 20.06%(95% CI: 4.15, 38.41) f2laA =% o1, HOMA-IR <%
= A IAHEA S oiH] 2, 3ARE9Igrel A 22.24%(95% CI: 7.94, 38.44), 22.66%
(959% CI: 4.34, 44.20) 28t Eole Aoz Yepgony F Aywy 25
T St mE FA= FYskA FUATH(P for trend>0.05)

3-HPMA= &% 1% 57 Al HlSF2F oA leds 8.88%(95% CL: 1.
25, 17.08) frolatAl Eoli= AoR vepgon, Ju 3+ Aol foahA ¢
att 3-HPMA =% X mE AAAFL FHIIoA SFA7o] A 14}
o tin] 2, 3AHE 4ol A 4.18%(95% CI: 1.53, 6.90), 3.36%(95% CIL: 0.1
5, 6.66) frolstAl =, AdEdolAE SFAre] Al IAHE9S tiH] 2, 34
w950l A 18.31%(95% CI: 8.44, 29.09), 18.27%(95% CI: 7.41, 30.22) 2|3}
A =R 2om, HOMA-IRA A = &F2kre] Al 1AFE 95 4] 2, 3AHE 9]
A 23.26%(95% CI: 11.65, 36.07), 22.24%(95% CI: 9.14, 36.92) +<tA =
oy FEIY, JdEd, HOMA-IR 25 3-HPMA % 7l mE FAHE
frefshAl skt
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®E7 5

(N=5,938,413)  (N=28,426,994) (N=5,938,413)  (N=28,426,994) (N=5,938,413)  (N=28,426,994)

(N=5,938,413)

Ao mE VOCs (SPMA, 3-HPMA) dlALA ¢ 3 dAIA F ot AFA
Glu FBS* HbAlc* Insulin* HOMA-IR*
Current smokers Non-smokers Current smokers Non-smokers Current smokers Non-smokers Current smokers Non-smokers

(N=28,426,994)

. Pinte Pinte Pinte Pint
Variables . . .
% P- % P- racti % P- % P- racti % P- % P- ract % P- % P- erac
Change valu Change valu on Change valu  Change valu on Change valu Change valu on Change valu Change valy ‘fon
95% CID e (95% CI) e (95% CID e (95% C) e (95% CI) e (95% CI) e (95% CI) e (95% CI) e
2.90 0.59 0.85 -0.19 8.80 6.34 0.04 11.95 6.96
SPMA (-1.92, 0.25 (-1.01, 0.48 0.38 (-1.46, 048  (-1.61, 0.8C 0.46 (-12.32, 04: (007, 9 0.84 (-12.51, 037 (-0.26, 0.0¢ 0.72
7.96) 2. 21) 3.21) 1.26) 35.00) 13.00) 43.25) 14.70)
Ql Ref.
-0.75 0.48 0.41 -1.02 7.25 6.35 6.45 6.86
Q2 (-5.41, 0.76  (-1.69, 0.67 (-2.22, 0.76  (-2.40, 0.15 (-14.56, 0.55  (-3.10, 0.2C (-17.01, 0.62 (-3.79, 0.2Z
4.14) 2.69) 3.12) 0.37) 34.64) 16.72) 36.54) 18.68
4.46 0.30 2.75 -0.46 7.06 8.99 11.84 9.32
Q3 (-3.21, 0.27 (-2.40, 0.83 (-2.94, 0.35 (-2.37, 0.64 (-16.73, 0.6C (-1.17, 0.0¢ (-14.70, 04z (-2.57, 0.1:
12.74) 3.09) 8.77) 1.49) 37.65) 20.19) 46.63) 22.65)
2.55 0.68 -0.49 -1.01 3.82 5.55 6.47 6.27
Q4 (-3.76, 044  (-1.70, 0.58 (-3.74, 0.77  (-2.83, 0.26 (-21.71, 0.8C (441, 0.2¢ (-23.12, 0.71  (-5.09, 0.2¢
9.26) 3.12) 2.87) 0.85) 37.69) 16.55) 47.43) 18.98)
P for trend 0.20 0.63 0.79 0.42 0.78 0.19 0.62 0.22
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-1.90 0.45 -0.67 -0.01 -1.66 6.48 -3.53 6.96
3-HPMA (-5.25, 0.28  (-0.76, 0.47 0.20 (-3.58, 0.66  (-0.82, 0.9 0.67 (-10.94, 0.74  (0.89 0.0z 0.17 (-12.94, 045 (0.63 0.0 0.09

1.56) 1.67) 2.32) 0.82) 8.59) 12.38) 6.89) 13.69)

Ql Ref.
2.29 3.10 0.00 2.11 0.96 227 13.04 2.29 1653 0

Q (2207, 084 (L15, B (-647, 036 (049,  0.2C (-16.02, 082 (347, 001 (2207, 084 (5.83, 5
22.51) 5.08) 2.45) 2.43) 24.56) 23.48) 22.51) 28.32)
438 322 2.62 1.96 7.60 14.86 438 18.56

Q3 (-17.12, 072 (0.69, 0.1 (771, 033 (-0.05,  0.0¢ (-1149, 04¢ (334, 001 (-17.12, 07z (540, 0.1
31.45) 5.80) 2.75) 4.01) 30.81) 27.67) 31.45) 33.36)
-6.13 0.37 -0.06 -0.46 -1.87 11.33 -6.13 11.74

Q4 (2537, 059 (-1.63, 0.7 (-527, 098 (193, 054 (2173, 087 (177, 0.0z (2537, 055 (120, 0.0
18.07) 2.41) 5.43) 1.02) 23.03) 21.79) 18.07) 23.39)

P for trend 0.55 0.63 0.94 0.42 0.02 0.19 0.03 0.22

* Log-transformed
* Abbreviation : Glu FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
Resistance, SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for sex, age, house income, obesity, alcohol status, education level, physical activity, dyslipidemia, hypertension
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¥ 8 &F9 & VOCs (SPMA, 3-HPMA) WALAI ¢ T AR F 99 dBA

Glu FBS* HbAlc* Insulin* HOMA-IR*
Current drinkers Non-drinkers Current drinkers Non-drinkers Current drinkers Non-drinkers Current drinkers Non-drinkers
(N=19,424,635)  (N=14,940,772) (N=19,424,635)  (N=14,940,772) (N=19,424,635)  (N=14,940,772) (N=19,424,635)  (N=14,940,772)
. Pinte Pinte Pinte Pint
Variables . . .
% P- % P- racti % P- % P- racti % P- % P- ract % P- % P- erac
Change valu Change valu on Change valu  Change valu on Change valu Change valu on Change valu Change val tion
95% CI) e (95% CI) e 95% CI) e (95% CI) e 95% CI) e (95% CI) e 95% CI) e (95% CI) e
2.12 -0.03 0.30 -0.20 9.08 5.81 11.39 5.78
SPMA (-0.21, 0.08 (-2.03, 0.98 0.17 (-1.83, 0.78  (-1.45, 0.7¢ 0.69 (-0.17, 0.0¢  (-2.93, 0.2C 0.63 (0.59, 0.04 (-4.14, 027 048
4.51) 2.01) 2.48) 1.08) 19.18 15.35) 23.35) 16.73
Q1 Ref.
0.82 1.90 -0.15 -0.50 4.22 19.96 0.0 5.08 22.24 0.0
Q2 (-2.05, 0.58  (-0.66, 0.15 (-1.84, 0.87  (-2.30, 0.5¢ (-6.95, 04&  (7.15, > (-7.55, 04 (7.94, >
3.78) 4.52) 1.58) 1.34) 16.73) 34.31) 19.44) 38.44)
1.31 2.16 0.10 0.22 0.29 20.06 1.60 22.66
Q3 (-1.69, 0.40  (-1.40, 0.24 (-1.96, 0.92  (-2.34, 0.87 (-11.06,  09¢ (4.15, 0.01 (-11.28, 0.8z (4.34, 0.01
4.40) 5.85) 2.21) 2.84) 13.08) 38.41) 16.35) 44.20)
2.10 0.08 0.01 -0.68 10.70 6.61 13.02 6.70
Q4 (-0.91, 0.18  (-3.02, 0.96 (-2.08, 0.99  (-2.51, 0.4¢& (-2.35, 0.11  (-5.58, 0.3C (-1.93, 0.0¢ (-7.16, 0.3¢
5.19) 3.29) 2.14) 1.19) 25.50) 20.37) 30.26) 22.62)
P for trend 0.18 0.89 0.94 0.68 0.22 0.31 0.17 0.35
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3-HPMA

Ql

Q

Q3

Q4

P for trend

0.49
(-0.95,
1.95)

4.18
(1.53,
6.90)

3.36
(0.15,
6.66)

0.88
(-1.75,
3.59)

0.46

0.51

0.04

0.51

0.15
(-1.80,
1.53)

-1.55
(-4.91,
1.93)
0.75
(-2.99,
4.64)
-1.91
(-5.61,
1.93)
0.58

0.86

0.70

0.33

021
057  (-0.79,
1.22)

0.68

0.81

0.54 0.46
Ref.

0.53

0.9

0.33

4.13

0.22

001

<0.
001

0.2¢

0.0z

091

0.14

0.0¢

0.67

4.64
(-2.59,
12.41)

23.26
(11.65,
36.07)

22.24
(9.14,
36.92)

7.06
(-4.56,
20.09)

0.17

0.22

<0
001
<0
001

0.2¢

0.0¢

0.7¢

0.17

0.1<

0.50

* Log-transformed
* Abbreviation

Resistance,

: Glu_FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for sex, age, house income, obesity, smoking status, education level, physical activity, dyslipidemia, hypertension
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4.6. B9t o F-o @& VOCso T tAX RS 484

=
il

BMIE 7]Fo 2 73k v vho] T3 Aol A(E 9), SPMA
FE7F 1% F7F Al HleE o Ro] wE REAoA fFolatA] ettt SPMA =
T wE dABAe Aol Al 1AHES S ] 3, 4AHE Sl A A&

FA 2 14.28%(95% CI: 3.03, 26.77), 14.05%(95% CI: 0.54, 29.36) 2|3}
=21, HOMA-IR X+ Aol Al 15.62%(95% CI: 3.53, 29.13), 17.00%
(95% CI: 1.74, 34.54) Fol8tAl =9 ow F ARWGE BF FeFrld wa
FA7F 59 (P for trend<0.05)

3-HPMAE Aol d&EdS 561%(95% CI 0.09, 11.44) §9J8tA =
wout Feke] wE zol= frofshAl ettt 3-HPMA =%

o WE AT AdEdod Hw AT BT A 1A}FE9): un] 34}

r_Y‘i i

Hir

o
rir
P
lo
fu
i
uj

Rharo] 3-HPMA =%9] Al 1ARE9S thu] 3ARE 91l A 26.4496(95% CL:
450, 52.98) roltAl S7HTE Aol A= Al 1ARE S Y] 2, 3ARE S
Foll A Zh7E 11.75%(95% CIL: 0.57, 24.18), 11.69%(95% CI: 0.95, 23.57) <] 3}
A =9or % S7H e FAE 25 F23du.(P for trend<0.05)
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¥ 9. HT R & VOCs(SPMA, 3-HPMA) AR ¢t & AR B8] A BA

Glu FBS* HbAlc* Insulin* HOMA-IR*
Obesity Normal Obesity Normal Obesity Normal Obesity Normal
Variables —N=12:008.,676) (N=22,356,731) Pinte _(N=12,008,676) (N=22,356,731) Pintc _(N=12,008,676) (N=22,356,731) Pinte _(N=12,008,676) (N=22,356,731) Pint
% P- % P- racti % P- % P- racti % P- % P- racti % P- % P- erac
Change valu Change valu on Change valu  Change valu on Change valu Change valu on Change valu Change val tion
(95% CI) e (95% CI e (95% CI) e (95% CD e (95% CI) e (95% CI) e (95% CI) e (95% CI) e
3.68 1.16 2.49 -0.81 5.37 7.55 9.24 8.80
SPMA (-0.13, 0.06  (-0.70, 0.22 0.25 (-1.10, 0.18  (-2.00, 0.16 0.09 (-8.29, 0.4¢  (-0.88, 0.0¢ 0.80 (-6.63, 027  (-0.74, 0.07 0.97
7.63) 3.04) 6.22) 0.40) 21.06) 16.71 27.82) 19.25)
Ql Ref.
2.09 0.27 -0.10 -1.04 -4.93 11.93 -2.94 12.23
Q2 (-1.59, 027 (-1.72, 0.79 (-2.62, 094  (-2.37, 0.13 (-18.36, 0.5 (037, 0.04 (-18.82, 0.74 (-0.29, 0.0¢
5.92) 2.30) 2.48) 0.31) 10.72) 24.82) 16.05) 26. 32)
5.47 1.17 2.96 -0.32 6.35 14.28 12.17 15.62
Q3 (-0.68, 0.09  (-1.08, 0.31 (-1.98, 025  (-1.86, 0.6S (-11.67,  0.52  (3.03, 0.01 (-10.62, 032z  (3.53, 0.01
12.00) 3.47) 8.15) 1.25) 28.06) 26. 77) 40.76) 29.13)
1.99 2.59 1.69 -1.42 -5.24 14.05 -3.36 17.00
Q4 (-2.80, 0.42  (-0.25, 0.08 (-2.77, 047  (3.11, 0.1C (-22.50,  0.6C (0.54, 0.04 (-22.79,  0.77  (1.74, 0.0:
7.02) 5.50) 6.35) 0.29) 15.85) 29.36) 20.96) 34.54)
P for trend 0.22 0.06 0.29 0.21 0.98 0.03 0.79 0.02
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-0.90 0.64 0.07 -0.34 5.24 5.61 0.04 4.30 6.29
3-HPMA (327, 047 (052, 028 026  (-1.73, 094 (-1.14,  04C 0.67 (435  03C (0.09, g 095 (641, 045 (035,
1.53) 1.83) 1.90) 0.46) 15.80) 11.44) 16.22) 12.59)
Ql Ref.
0.98 2.39 -1.20 1.35 15.81 9.14 16.95 11.75
Q (-355,  0.68 (0.15,  0.04 (-449, 048  (-0.08,  0.07 (-0.18,  0.0¢ (-1.02,  0.0§ (-1.63, 008  (0.57,
5.72) 4.68) 2.20) 2.80) 34.36) 20.36) 39.04) 24.18)
273 1.63 1.61 0.89 23.08 9.89 0.04 26.44 11.69
Q3 (-2.82, 034 (0.69, 0.17 (-3.10, 051 (047,  02C (5.16, 001 (0.24, P (450, 002 (0.95,
8.58) 4.01) 6.55) 2.27) 44.06) 20.47) 52.98) 23.57)
-3.34 1.10 -1.22 -0.68 931 10.11 5.66 1131
Q4 (-8.00, 018 (-148, 041 (-4.99,  0.54 (220, 03¢ (735, 025 (046,  0.0¢ (1276, 057 (-0.34,
1.56) 3.74) 2.71) 0.87) 28.97) 21.80) 27.97) 2433)
P for trend 0.97 0.44 0.82 0.43 0.01 0.04 0.03 0.04

0.04

0.04

0.0Z

0.0¢

0.76

* Log-transformed
* Abbreviation : Glu FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
Resistance, SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for sex, age, house income, alcohol status, smoking status, education level, physical activity, dyslipidemia, hypertension
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SPMAE 1% %3 7F Al mAdg ol HOMA-IRS 38.39%(95% C
I 659, 76.69) F98tA =R o, Aol wE 2ol F93kA 2Tt (Pinen
ction>0.05) FEol w2 A= wAw Gt d&He] SPMAL A
IARES = tiv] 2, 4ARES ol A Zh2E 46.279%(95% CI: 6.13, 101.60), 54.04%
(95% CL 14.99, 106.34) F<J8tAl =Hon, vx S/t e FAE F99)
th(P for trend<0.05) HOMA-IR%E A 1AFESS4 tiH] 2, 4AAHE S ol A 2+
51.40%(95% CI: 5.75, 116.76), 70.03%(95% CI: 19.04, 142.85) #<tA = <o

, % St e FAE fogch

3-HPMAE 1% s%%7F A mdddx

:2

M

o A FEIFE -10.52%(95%
CL -17.76, -2.66) oA EF+= 3oz yepgon, Jo b zolk fo
N T} (Pinteraction<0.05) 7wl A= & HI} HOMA-IRS 2+ 5.96%(95% C
I 091, 11.27), 6.37%(95% CIL: 0.98, 12.05) frolstAl =ol= Aoz YEyto
A 3 Aol FoskA] @t R wE A E vd It
oM sEdFe] 3-HPMAS] Al 1AFEH 4 thi] 4AR2 9]0l A -14.47%(95%
CI: -25.52, -1.78) F9stA *HoH, s% Sl e FAE Fodrh(P f
or trend<0.05) AdTANA = Al ARSI tiv] 2, 3AFE 9ol A 2.35%(95%
CL: 0.76, 3.97), 1.79%(95% CI: 0.21, 3.39) FstA =R o % F7ko uf
FAE FYEA sttt g Jdede Al 1RSI diY] 3, 44

m?i

il
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ol Azt 16.56%(95% CIL: 6.21, 27.93), 11.10%(95% CI: 1.64, 21.44) 2]t

-

A =Aom, HOMA-IRAA = Al 1ARESIS tiv] 2, 3, 4AE915ol A 2h2t
11.96%(95% CI: 1.13, 23.96), 18.65%(95% CI: 7.27, 31.23), 11.77%(95% CI: 1.
57, 23.00) F23HA =9 o, T FUto WE FAE Fo (P for trend
<0.05)
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¥ 10. 1A Fu o Fo @& VOCs(SPMA, 3-HPMA) tALAI ¢ & AALA B ool A @A

Glu FBS* HbAlc* Insulin* HOMA-IR*
A T A3 A P A4 A P A4 AT P A4
Variables (N=1,708,131)  (N=32,657,276) Pinte  (N=1,708,131)  (N=32,657,276) Pinte =~ (N=1,708,131) (N=32,657,276) Pinte  (N=1,708,131) (N=32,657,276) Pint
% - % P- racti % P- % P- racti % P- % P- racti % P- % P- erac
Change valu Change valu on Change valu  Change valu on Change valu Change valu on Change valu Change val tion
(95% CI) e (95% CI e (95% CI) e (95% CD e (95% CI) e (95% CI) e (95% CI) e (95% CI) e
10.71 0.74 10.63 -0.68 25.00 0.05 5.12 38.39 5.90
SPMA (-0.21, 0.06  (-0.68, 0.39 0.08 (-1.33, 0.09  (-1.50, 0.93 0.07 (0.48, 3 (-2.46, 0.0z 0.14 (6.59, 0.0z (-2.64, 0.0z 0.06
22.84) 2.19) 24.04) 0.14) 55.50) 13.30) 79.69) 15.19)
Ql Ref.
3.50 0.68 0.00 -2.46 -0.49 46.27 5.43 51.40 6.14
Q2 (-17.86,  0.77  (-0.88, 4 (-21.93,  0.83  (-1.34, 0.14 (6.13, 0.02  (-4.62, 0.0¢ (5.75, 0.02  (-4.69, 0.0:
30.42) 2.26) 21.86) 0.37) 101.60) 16.54) 116.76) 18.21)
428 0.11 -1.31 -0.84 14.08 7.69 0.0 18.96 7.81 0.0
Q3 (-10.79,  0.60  (-1.59, 0.03 (-1531, 0.87  (-1.91, 0.0S (-20.90,  0.4S (-2.87, 5 (-20.30,  0.4C (-3.66, 1
21.88) 1.84) 15.01) 0.24) 64.52) 19.39 77.54) 20.64)
10.38 1.77 791 -0.81 54.04 6.73 70.03 8.62
Q4 (-6.45, 0.25  (-0.21, 0.46 (-8.28, 0.37  (-1.90, 0.7C (14.99, 0.01 (442, 0.02 (19.04, 0.01 (-3.82, 0.0z
30.24) 3.79) 26.97) 0.29) 106.34) 19.18) 142.85) 22.67)
P for trend 0.24 0.16 0.42 0.14 0.04 0.20 0.03 0.16
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-10.52

3-HPMA  (-17.76,
-2.66)
Ql
-1.75
Q (-13.90,
12.12)
-10.40
Q3 (-22.64,
3.78)
-14.47
Q4 (-25.52,
-1.78)
P for trend 0.02

0.80

0.38
(-0.49,
1.26)

2.35
(0.76,
3.97)

1.79
0.21,
3.39)

0.61
(-0.99,
2.22)

0.50

0.39

0.03

0.46

0.01

5.93
(-12.17,
0.75)

-4.10
(-14.47,
7.52)

-7.52
(-16.43,
2.35)

-10.22
(-19.98,
0.73)

0.06

0.09

0.48

0.14

0.08

0.03
(-0.58,
0.64)

0.78
(-0.25,
1.82)

0.95
(-0.14,
2.04)

0.25
(-1.51,
1.03)

0.89

0.93

0.14

0.0$

0.7C

0.08

Ref.

27.07
(-2.54,
65.67)

24.53
(-17.58,
88.16)

54.00
(-0.39,
138.09)

36.56
(-17.79,
126.85)

0.13

0.0¢

0.3C

0.0¢

0.24

5.96
091,
11.27)

0.0¢

0.0C

0.0z

0.19

13.70
(-18.17,
57.98)

22.35
(-23.66,
96.10)

37.99
(-21.33,
142.03)

16.80
(-35.27,
110.77)

0.47

0.45

0.41

0.61

6.37
(0.98,
12.05)

11.96
(1.13,
23.96)

18.65
(727,
31.23)

11.77
(1.57,
23.00)

0.01

0.0z

0.02

0.0(

0.0z

0.70

* Log-transformed
* Abbreviation :

Resistance,

Glu_FBS=Glucose Fasting Blood Sugar, HbAlc=Hemoglobin Alc, HOMA-IR=Homeostatic Model Assessment for Insulin
SPMA= N-Acetyl-S-(phenyl)-L-cysteine, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

* Adjusted for sex, age, house income, obesity, alcohol status, smoking status, education level, physical activity, dyslipidemia, hypertension
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2 AFE S5 WA dEAHKorea National Health And Nutrition Ex
amination Survey, KNHANES] 255 &&3}o] =] Wk 194 o]4F Al<l 1.3
37l &F VOCs thAAl s=¢ & A R(THER, G, <
=9, ded AYA) 1o dHAs ditst JdFERGS ARESte] A gl
e 2 A3ty SH-FH5WSo #AA zZE= percent change®t 95%

AMA & 1% W3l wE Z<£W 329 percen

oft
=
2

FU
ﬂl
o

Fo Ao w2w @ F SPMA, 3-HPMA 5% Z7l= 9 AR RS
oJ3HAl =T SPMAE ¥k F7bel webA FEIF I HOMA-IRS #9
A E=Hon, 3-HPMAE d€d3 HOMA-IRS #23tA =9 838, o

MAS} PGAE s=7F =od 45 Q14U HOMA-IRO] foatA 74
b o UEY

Fol AHAE BAd 919 VOCs tAAI(SPMA, 3-HPMA) =& AHES
gz wE g oA RS WstE AuiE Ao A, SPMAE A1AHES]
F tH] Al 4AHES el FEE Y, Al 3AFE Sl Al HOMA-IR®] 23}
A 7o, FEIGoA sEFrtd & FA7F o)t 3-HPMAE
olgdol Al 1IAFESF vl Al 2, 3, 4AHEFol A F98kA F7FElal, HO
MA-IRS Al 1AFE915 tiv] 2, 3AHE S ol A frolatAl 713, =57

i
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@, F WAAES] 4L F + dE Fo 2L 4w, Fd P, v
R, &% A, VY Fu(lolevhA J1F) oRE NFOE FAEHS
A 1 An gEel e 33 A SPMAZ FAHelA BERAT] Fe

oX,
i3
ey
2
o
o
do
10
S
=
T
@)
=
a
>
rlo
ol
oX,
=2
>,

, 953 9 HOMA-IRZIS] #ANA dF =FF AR5l
2 frogh g dAds BAou FATE fostA = &kl &5 o

Ao A= SPMAZE &5 Aol Al HOMA-IRS f93tA E=dou Ao
k] ol HrolebAl @gka, SPMA =% AFE Sl el
do] AWAFE Btk 3-HPMAE HSFATAA 2d&d

>,
AV
BN
a2
lo
it

ftlo
Ho
o
o
)
Hi
b4t/
o

HOMA-IRS Edoy dxZo|a, FAE FoshA] &Skt vk o Foj
o

ekgkal, 3-HPMA s =0 wals dx4 oz <& dy HOMA-IRS 98k
= v Y ol io] wE =3} Ao SPMAZE PR G oA H
OMA-IRS F9stA =9ou Ju 7+ 2pol= F9shA &gta, Ad&dx H

H al
OMA-IRS U w=&F ALEYFA =on & 7k wE
olgtt. 3-HPMAE Ao m s

gl FreolatA WAk Aol A l&Ed I HOMA-IRS #<]3H)
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AL, 2E TR St wE FAE ol T

B AFgAE VOCs 5 SPMA, 3-HPMAVZF G382 s A9 & AL

rO
-
-3
>,
of{
dz
il
ofl
A
s
o
<
a
5
lo,
9
ﬁ
et

2% WA A=A, tMA) =] Atst 2E# 2t FA4 vAYUSS
3 ded AIAHIR)E =Jdvhe =84 3 d (Korean Elderly Enviro
nmental Panel, KEEP) 17 22|31 #lA A=A (t, t-MA) 529 A9
7t wel gl 918 2@ d4 AST, ALTE =9 HbAlc X5 ¥t
+ g RIS AL ZAHKONEHS) e 2 A9 A9k A Al tt.(Inae
Lee et al., 2022; Yoon-Hyeong Choi et al., 2014;)

olaEd e tAAHEQl 3-HPMA+ & AFolA Jd<d, HOMA-IRS &
A& FostA w=AT 71E dTE of=ZEYS =Fo] w2 MING AlE
A A E A (endoplasmic reticulum, ER) Z2E#d A5 4o 7 PERK ZA&E A
Azl & HrkstE FA A &3 84 (Peroxisome proliferator-activated
receptor, PPAR)Yy A& S5m Ao A& aikst @) g deze
Al (Ferroptosis) TS S35 A B-AEe 7Ies EFAA AZAS
ded gAY EHE FEE F Jua B l(Zhang X et al., 2022), Al

Y R A2Y Fuy RRA ofABHNR T FF hAREY % Aol

=

:10

At AdAdo]l 9= Ao R HuEth(All MFB. et al, 2014, Tsukahara
H et al., 2003, Daimon M et al., 2003) %3 3tx}E52] Ao 3-HPMA <
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A9 g, €9, ded A FEAAE devs dve 2 AT
Aol dAFoY, F AAREE Eole A WAYSES A ot

N

—_
2
rO
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-
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I a3t} (Feroe A.G et al., 2016)
g EFQle tiAbAI)l BMAS 2~ 9 o dulA(S/EB)S] thARA Sl PG
Av B ATdA Jd&+dd HOMA-IRS Fo8tA WFe 3o 2 YEy
Adze HJE Ax gFolA EFA =5 vlo]entAl 3F=
AHHA)S ¥ #3 @3 ¥ek= w3l (Monocyclic aromatic hydrocarbons,
MAHs)ol theh A4+ m=Fol meby F5d9d #49 HOMA-IRE =t
= A (Won et al, 2011)7F o] 2 A9 Aels AR ok}, 1A
o EEATAA FHell g S5 =Fo] % oA TNF-aE FEgtt

& AFsh TNF-aol AAzA Ageals 2skel dof Agare 37

3 S/EB =% wtolempA ] wtAy} #d 28] S AAHMA+PGA] 713t

g Alitstel 314 @235 Hrtel S/EBO tidt A4 =Fo] FEIGS
SN AeZ Hask A5 (Yu L et al, 2023), 395092 7lut}d
oz F3d g S/EB mFol oA d9 TUtet {9

HS RoyF AG(S. Cakmak et al, 2020) 223l S/EBel 44 =&"H
227 S/EB kZol wEtbA A x B IRS Eolv AR FAg ATt
Aol (Won YL et al, 2011) S/EB =%°] Jd<&d 2z HOMA-IRS Y&t &
AT ARt dAHA Fohrh shARE 2FHE =
B3t TNF-a9] Aty FA& w3
1 GS et al., 1993), TNF-atT WA oA X
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H
32

2% EL ATHA SRWF SH(dH)

. Percentile

Variables GM (GSD) —r—m  75m  50th 75t 95th  Max
VOCs (N=573)

SPMA (1g/g) 037 (048) -130 -1.10 074 -038  -0.05 046  0.96
MA (ng/g) 507 (0.8) 179 379 465 509 551 641 744
BMA (ug/g) 147 (0.89) -0.62 028 085 134 193 320 575
PGA (ug/g) 538 (0.72) 0.81 438 504 542 578 642 826
IMHA (ng/g) 3.04 (0.84) 096 197 250 290 344 453 835
34-MHA (ng/g) 47 (093 280  3.50 405 453 528 639 845
3-HPMA (g/g) 62 (0.72) 453 509 570 616 666 749 855
BPMA (1g/g) 349 (124) -196 141 276 351 434 546 657
DHBMA (pg/g) 54 (036) 395 483 516 539 563 601 696

* Abbreviation : GM = Geometric Means, GSD = Geometric Standard Deviation, SPMA=
N-Acetyl-S-(phenyl)-L-cysteine, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicacid,
MA=Mandelicacid, 2-MHA=2-Methylhippuric acid, 34-MHA=3-and 4-Methylhippuric acid,
3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine

* Log transformed

22wl TR SPuse] SA(A)

. Percentile

Variables GM (GSD) ™ st o5th _ 50th _ 75th _ 95th _ Max
VOCs (N=764)

SPMA (ng/g) 0.12 (051) -131 090 -050 -0.15 025 079 167
MA (ng/g) 508 (0.78) 199 390 461 507 555 630 86l
BMA (ug/g) 187 (0.87) -024 066 123 181 236 342 560
PGA (ug/g) 547 (0.68) 112 457 522 551 580 628 865
2MHA (ng/g) 29 (062) 132 211 252 28 313 400 730
34-MHA (ng/g) 45 (069) 160  3.69 411 439 479 575 892
3-HPMA (ng/g) 6.02 (0.72) 420 491 550 601 646 722 951
BPMA (1g/g) 373 (13)  -142 142 292 380 466 568 730
DHBMA (pg/g) 555 (032) 442 505 534 552 573 611 7.04

* Abbreviation : GM = Geometric Means, GSD = Geometric Standard Deviation, SPMA=
N-Acetyl-S-(phenyl)-L-cysteine, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicacid,
MA=Mandelicacid, 2-MHA=2-Methylhippuric acid, 34-MHA=3-and 4-Methylhippuric acid,
3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,

BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine

* Log transformed
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HEZ 3. VOCs YA 9 TyG Indexste] 4 #A

TyG Index*
Variables
beta (SE) P-value
SPMA (ug/g) 0.03(0.03) 0.30
MA (ng/g) -0.003(0.02) 0.89
BMA (pg/g) 0.01(0.02)) 0.75
PGA (ng/g) -0.004(0.02) 0.83
2MHA (ng/g) -0.03(0.02) 0.12
34-MHA (pg/g) -0.02(0.02) 0.23
3-HPMA (pg/g) -0.004(0.02) 0.83
BPMA (pg/g) 0.02(0.01) 0.12
DHBMA (ug/g) -0.03(0.04) 0.43

* Abbreviation : TyG Index = Triglyceride Index, SE = Standard Error, SPMA= N-Acetyl-S-(phe
nyl)-L-cysteine, MA=Mandelicacid, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicac
id, 2-MHA=2-Methylhippuric acid, 34-MHA=3-and 4-Methylhippuric acid, 3-HPMA=N-Acetyl-S-
(3-hydroxypropyl)-L-cysteine, BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-
dihydroxybutyl)-L-cysteine
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55 ¥4 AFE 42 8% VOCs % H A (8th KNHANES, 15-16 NHANES)

Variables

Demographic
categories

Percentile

50" (95% CI)

75" (95% CI)

90" (95% CI)

95" (95% CI)

VOCs

SPMA (ug/g)

MA (pg/g)

BMA (ng/g)

PGA (ng/g)

2MHA (ng/g)

34-MHA (ug/g)

NHANES
KNHANES
NHANES
KNHANES
NHANES
KNHANES
NHANES
KNHANES
NHANES
KNHANES
NHANES
KNHANES

Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian

<LOD

0.78 (0.78-1.14)
134 (128-143)
126 (119-132)
164 (262-402)
6.26 (5.86-6.62)
6.57 (5.99-7.16)

4.85 (9.08-17.02)
222 (212-234)
208 (193-221)
234 (327-447)

34.5 (29.9-39.2)

20.7 (16.0-27.4)
17 (27.1-50.5))
201 (175-236)
109 (88.6-122)
86 (139-316)

1.29 (1.18-1.37)
1.33 (1.15-1.70)
1.14 (0.79-1.16)
198 (188-204)
177 (158-184)
262 (267-417)
10.9 (10.2-11.7)
10.7 (9.50-11.7)
9.1 (9.29-17.42)
306 (292-320)
274 (258-293)
327(329-453)
79.2 (72.6-86.0)
43.1 (34.3-54.9)
27 (27.5-52.9)
502 (450-575)
261 (181-327)
140 (144-322)

2.02 (1.81-2.13)
2.49 (2.02-2.98)
1.63 (0.80-1.18)
303 (279-314)
246 (207-278)
401 (270-427)
19.6 (17.0-21.8)
23.9 (15.9-26.7)
17 (9.43-17.91)
398 (381-425)
358 (325-403)
447(332-462)
152 (125-167)
78.7 (59.5-95.7)
50 (28.0-54.0)
889 (766-989)
519 (394-618)
316 (148-335)

2.65 (2.46-2.93)
3.26 (2.65-3.56)
2.04 (0.80-1.18)
399 (371-416)
316 (248-383)
574 (272-430)
28.7 (25.0-36.9)
32.1 (25.9-36.9)
28.6 (9.57-17.98)
507 (453-534)
440 (361-528)
566(333-464)
216(178-245)
100 (79.2-142)
73 (18.2-28.3)
1240 (1020-1460)
659 (547-760)
477 (150-340)
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55 ¥4 AFE 42 8% VOCs % H A (8th KNHANES, 15-16 NHANES)

Variables

Demographic categories

Percentile

50" (95% CI)

75" (95% CI)

90" (95% CI)

95" (95% CI)

VOCs

3-HPMA (ug/g)

BPMA (ng/g)

DHBMA (ug/g)

Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian
Total population
Non-Hispanic Asian
Non-Hispanic Asian

236 (214-255)
313 (271-356)
441 (732-1194)
3.96 (3.60-4.45)
6.70 (5.80-8.15)
39 (95-186))
338 (325-352)
296 (278-312)
238 (296-371)

448 (377-530)
568 (513-677)
732 (748-1215)
9.39 (7.96-11.8)
18.1 (11.5-24.4)
95 (97-191)
431 (410-450)
368 (345-395)
296 (299-378)

1190 (964-1370)
1090 (800-1280)
1194 (760-12410
22.0 (18.6-25.9)
35.9 (26.2-48.1)
186 (99-1970
541 (513-570)
481 (428-535)
371 (300-382)

1680 (1420-2080)
1360 (1090-1630)
1615 (767-1260)
38.0 (32.5-50.4)
52.9 (33.2-100)
279 (101-206)
644 (614-686)
590 (500-630)
444 (302-384)

* Abbreviation : IQR = Interquarile Range, SPMA= N-Acetyl-S-(phenyl)-L-cysteine, BMA=N-Acetyl-S-(benzyl)-L-cysteine, PGA=Phenylglyoxylicacid,
MA=Mandelicacid, 2-MHA=2-Methylhippuric acid, 34-MHA=3-and 4-Methylhippuric acid, 3-HPMA=N-Acetyl-S-(3-hydroxypropyl)-L-cysteine,
BPMA=N-Acetyl-S-(n-propyl)-L-cysteine, DHBMA=N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine
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ABSTRACT

Association of Volatile Organic Compound
Exposure with Glycemic Metabolic Markers in
Korean Adults

Jaehyung Kim

Department of Public Health

The Graduate School of Yonsei University
(Directed by Professor Changsoo Kim)

Purpose: To determine the association of volatile organic compounds (VOCs) on
glucose metabolic markers (fasting blood glucose, glycated hemoglobin, insulin, and

HOMA-IR) in Korean adults without a physician diagnosis of diabetes.

Methods: Adults (aged 19 years and older) who were not diagnosed with
diabetes by a physician were selected from the indoor air quality survey and
environmental toxicant biomarker survey conducted in 2020 and 2021 during the
8th Korea National Health and Nutrition Examination Survey (KNHANES). The
exposure variable was the concentration of nine metabolites of volatile organic
compounds (VOCs) such as benzene and toluene in the subjects’ urine, and the
outcome variable was the measurement and calculation of key glucose metabolism
markers (fasting blood glucose, glycated hemoglobin, insulin, and HOMA-IR). For
assoclation analysis, the linear association between exposure and outcome variables
was analysed using a generalised linear model (GLM), and stratification analysis

was performed by selected factors that may affect diabetes.

Results: 1,337 subjects were included in this study. Fasting blood glucose,
insulin, and HOMA-IR were significantly increased with increasing urinary
concentrations of SPMA (benzene) and 3-HPMA (acrolein), and insulin and
HOMA-IR were significantly decreased with increasing urinary concentrations of
BMA (toluene) and PGA (ethylbenzene & styrene). Stratification analysis identified
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gender and the presence of undiagnosed diabetes as significant predictors of group

differences in urinary VOC concentrations.

Conclusion: The results of this study suggest that increased urinary VOC
metabolites (SPMA, 3-HPMA) are positively associated with markers of glucose
metabolism in Korean adults and may differ between groups by gender and the

presence of undiagnosed diabetes according to diabetes diagnostic criteria.

Key words : Volatile Organic Compounds, VOC, Glycemic indicators, KNHANES,

Diabetes, Insulin, HOMA-IR
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