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1% geA o AAY FATEEFOSA AL 9
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AW S FAsGIA e,

AT AYY] FWAFGFRA 202020213 ARE A3l 404 o) A9
0169 Aol EFHATh Ay FATEEFS B75] 9)8) STOP-Bang
ARE BERPoH, A% 0SATH 1Y OSATOR PRt 0SAS] S19=

& AT 2 AZA 97 & F VOC HAAlE 4t on, Agd &
x5 aysto] 2 WS £ 3EAFAENATE 7MY de)E £t 2ALY
FEA S AHESte] A9E OSAE 7oz 938 Huglen, VOC 5429 1
unit 5 7+d #AH](odds ratio, OR)€F 95% A% F+7H95% Confidence interval, CI)<.

AFA3: & F VOCs WA 5 BMA (N-Acetyl-S—(benzyl)-L-cysteine) & =7}
1 unit S7HdrE S5 THTEETY T4 o3t ge] 1.80w S7lste Ao =
Bl o™ (OR: 1.80, 95% CI: 1.16 - 2.80), MA (Mandelicacid)®] %7} 1 unit =71

5 T THUTEETY fFel 1624 Frtste Ao R UHE]rM‘i‘r(ORZ 1.62, 95% CI:
1.16 - 2.80). =3k, BMA(N*AcetyI*S*(benzyl)*L*cysteine) A s (Tertile 1)l =&
H oo Hl& s E(Tertile 3ol =¥ 45, 5 THFEES o4 oz AF
o] 4.494) 27]'3}5 Aoz UesE o™ (OR: 4.49, 95% CIL 191 -1059), 5% S7}el
W& OSAY 913 F7F FA7F #9neAl YeEbstH(P for trend: 0.02).
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A8 F71= olo]d & AtH(Liu et al, 2020). OSAE &5 7], AAA, hALA, A A

of FAAR JFdFs A & dom ao AS AsiAZ Bk ofvt AP AAE
938 & =2 (Azarbarzin et al, 2019; Eastwood et al., 2010; Veasey et al, 2019).
T 28 Iy, Audsts x3% g2 sk s el 9lom, OSA FAt
= TR 7IE, 12 el el d B wEAL AF T 2 EAHE FRkst
gl o} (Pallav et al., 2022).

o] dgATed MEH 37 edELe wEo] AW, volof FastA i el

S} OSA 57 ofst a9l
=], KCHS(Korea Community Health Survey) A& E &8sl vAHA =& T
4 T FS 7k dads

jalo

o] B H(Liu et al., 2020).
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al., 2023).

T79 T OSA 91¥°] &= A4S ddez Fids ATors FHAT F&
ZH A A (PMs), ©14F8td 4 (NOy), AFstera(CO), o]4ksaH (S0, %o OSA
otsl 9 FU/HAZIY L B e tH(Zhang et al, 2023). 3, TelE AE o
E(MESA)E &3] mAwHA &3 0SA9 d#AAS B Afos A7 NO.9

PMz59 =% F50°] &2 Atdol 5 OSAE &1L & gEo] v By
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% VOCs thatAlel 2o} A 7he] s AHE dAds, EFdd9 gribEel
BMA, ofZ&dQle] tAMAHE 3-HPMA, Al tiAibE 2-MHA7ZF o @ o] <]
2 FHES Z7MA712 Qv B asd th(Xiong et al, 2024).
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VOCst Al 74 8 F=<9 54, dF A5, AFAE &l dolA ==4<=d, 4
Al 3= 54 o8] 1A dEe] VOCs 595 €3 7H @Wol x=EFdt
(National Research Council, 2009). T3+ 3}stEd S E3F w=Fo] A
WA o7kl Al B JEFS wA Aow wolw Aol Ay FiE e F7
A ool FolAl= AT EAHEA RS VOCsel =
(Zhou et al., 2023).
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Kim et al., 2022).
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=z 2 AdgAsolt nvky e Ay S Ao el do] 9= Aoz e
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STOP-Bang®] A& 2 FZZo|(Snoring), ¥ &< I Z(Tired), 79 & 2§ &
o #Z(Observed stop of breathing), &< (High blood pressure), A& x4
(BMI>30 kg/m?), WJo]>504], E5#>40 cm, 34 (Male gender) 2.2 FAEHY [18
31 2+ &g da] ‘o'z gd A$ 1dew @aed. STOP-Bang #H A3 ol
wa} 7hele] OSA 98 =& AYd(low-risk), T5E 98T (moderate-risk),
AT (high-risk)e] A 2522 EF39oH, 084 282 A (low-risk),
Al 438 T (moderate-risk), 5HANA 882 1Y F(high-risk)S e
tHChung et al.., 2008).
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ZATR ERGE
L% Cooi) o s aeng a4y, | EAY RA2AE Ssn, dume =
S04 58 A e Bumt &

&7t i3 selnd AL ?i‘#“ﬂH

¥ 59 Y=g age U dEATA B
a9 [ shie Aol QlEA favT.
2. W2 (Tired) _
e b ggke] AT madelud EEE | AN wyzAR fdsin, EHE e
sy opd mAbAl %"FOII e g gelut
FEE 277 $e0¢
Od 0 eye

3. %47 (Observed
il E F o, #e] Hapes AE £

A0 WUZAR SUSL A4} He
Aol gl i gol WaE g ¥ gl EA
LEE LA
0 O ohie
4. 93t (lood Pressure)
gae nedel St AR SUUM | FUAYLRAAA WA AR e
_ #20)22 olF 289,
il S .
5, AUIAL G -
JEI ESATEME MYmES | anaggesndn a3 ATE 2980
: doBs ofE el BIE A e
O O ohie
6 1 (hgo)
shale] thals o 5047} Wirp FUAPYLZAAA WA 24T Qe
WHolng ol $8ck
O O o2
7, §EH ek cr Gl Ade wn oM wod
A SR o iy Aehla FEGH 9F) Mg o 1gjol
goize dolx wdE Aun g
O O ohie FA94 om B2 ATk
B, 4% (Gender)
RS AT FUARGIRAAN WA zAHL Qe
LEREERTER £
04 Oeide

¥ 3. STOP-Bang AEA (#2099 et al., 2016)

STOP-Bange @< A#xAel = B35 STOP-Bang 57t &5 5 OSA

o tigt MIgEe} Eolr BF FUlee] T % E(moderate) & %5 (high)$-AHE

H3t7] A3t A 22 B (Chung et al., 2012), AL HAAL A xQ] F55-
3% A (Apnea Hypopnea Index, AHD®} %<& F@#A7F vk &4ex1 AL
o] tH(Oshita et al., 2020).
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223. AR FEFZEFTY F& AP

0SASl 918 folo= 4w, A, WE o¥sl & deid Yok dHeAY A

e A AW F7H7F OSA HA mx= &kl tid AFEo] Bol Hdax
I 9l o™ (Senaratna et al., 2017), A #A3 = YALA S ] AT 3k AF

E% B3y tf(Azarbarzin et al., 2019; Somers et al., 2008; Shahar et al., 2001;
Lévy et al., 2015; Bouzerda et al., 2018). &3t ujAqHAE X33l 374 A E 29
=20l OSAd WA= gk e B v Yri(Park et al, 2023; Zhang et
al., 2023; Yu et al., 2021; Paterson et al., 2021).

VOCs?9| =23 25717 Atole] AudE oH1d Adald+rolM 2011-2014d =731
1739 FZ=AHNHANES) A5 & &83sto] 28714 & & VOCs %9 " 71344
(Chronic bronchitis, CB) % #H7]F9 A#AAS AHHTh Logistic ¥4 2 3ol A
CBx= MHBMAS, MA, CYMA 5& X338 971, H7|S2 471A 9] =AM 9]

e Aol S, FA

)
oo
N
i
i
&

fu
Anj
52
rlo
i
i)
i)
do
1o
=)
o
re
&
oX,

Atk LASSO 3#AEAS S3) CB ¥ #7153 o Ze AdAdel des B4
A A3t (MHBMA3, AAMA, AMCC, CYMA, HPMMA %) 7t% 94 & &4
(Weighted Quantile Sum, WQS)¥} wlo]x]et #Ad W Al3] 7] 2 (Bayesian Kernel
Machine Regression, BKMR) #4& a3ttt 1 A¥= WQSAA MHBMA37}
=7 el wEl CBel #138[OR(95% CI): 1.82(1.25-2.69)]0] frolstA =olxon,
BKMRo A= CBE AAMA<S MHBMA3, #7152 AMCC, MHBMA3®}l -<u gk
A o] FlFAtHWang et al., 2024).

VOCsel =55 917159 A94e AR el f4 I4E gaew AvE
o 7] & F77F A% EEAANE GFE FeA AR S 2E ol
Yol st olabe] 19 BUNSS Holm HA AR LIPS FAS FAL Fa

]
2]
A8 374 Hold 747 tE T =(0mg/m? 25mg/m? 25mg/m®)el 7] &9 &3
o 907 =& & HYlFe AeolE wustdt. 1 A3 tdA 114 F 69

e BEsk 74l mek $AFol FSHAT. A gEst A /% g Aele] 4

_’IO_
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tH(p<0.05).
FEV19

el

EE 71

¢l 5 A tF(Harving et al., 1991). ¢

7}

B

o

o
o
el
Nm

_’I’I_



A7A

2 dATde A’Y] FHAed YdEAHKorean National Health And  Nutrition
Survey-Vl, KNHANES-VI) 2020-2021d AR E A&t 010G F2A = =
AR A6zl A A= A= e A% 2 dFERAelH, =7t
A4S 4 2 B7rE 98 ABagd d7adA e ds] sels wol a5t

= ARt A8 wRIAA G FE2A A 201995 20219 7HA] =@ E 9o, Tt

TAEAEA, ARATEA, AAEAL, AP AR} HEol A87] 22d =(2020)
TERH A87] 3AEE=(2021) 8¥7kA b Aulerid R @Al d AR =

Al BS w194 o ATAE] AAAE L AEEA Aot EFH A
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A 87] =Wl AT YA =

7}” AT ZA 2

FalER AAAE 2AF oA
(N=1,980)

(\F49=893, ©14=1,087)

A A A
(N=952)
- FUREE BY AT vod
A2k (N=479)
- F F1EEE R 5%
o] 742 A (N=364)
- AFA7 e WA N=109)
- 7bEA e AEAT e
A AH(N=112)

HAE 24 A

(N=916)
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B oaTeln wENss A8 FUARGELA F A4 AUTAD 24 2 B2
frel=d AAAZE ZAME T g5 AFgFAEY 8 5 AWH FUIEEE
(Urinary VOCs) tAA]l 9F9] T2 & g3y, &8 VOCs 9% v X9 2
=3
VOCs ALA LOD
EF4d BMA N-Acetyl-S-(benzyl)-L-cysteine 0.251
2L @l 2-MHA 2-Methylhippuric acid 0.010
2+ A 3 MHA? 3-Methylhippuric acid & 4-Methylhippuric acid | 0.985
Al -Me ippuric aci -Me ippuric aci .
B 4-MHA D ylhipp
o &l Al &~ E] 7 PGA Phenylglyoxylic acid 5.337
2~ E &l MA Mandelicacid 1.078
Al SPMA N-Acetyl-S-(phenyl)-L-cysteine 0.252
o= 3-HPMA N-Acetyl-S-(3-hydroxypropyl)-L-cysteine 0.128
HERIZg BPMA N-Acetyl-S-(n-propyl)-L-cysteine 0.103
F-Ephd <l DHBMA | N-Acetyl-S-(3,4-dihydroxybutyl)-L-cysteine 0.179

E 1. A+l &&" VOCs 9%

o AR G I s

’

9 GAAEL AN ol §F As A WAl ZHzkolH
BA A B, o

"LC-MS/MSE °]&% 2% Z L4 F7183E A
g B #E W¥S Shimadzu AF9] Nexera XR LC-20AD¥ SciexAl<]
Triple Quad API 5500 ¥ & ©o]&38te] ofAa| a=vhiE1el v -2 &4 % (HPLC-MC)
oz AYg BTt dAlx(spot urine)?] HAS dA fAHEW FEk(n
g/g Crs ZE39x, FEssE WE WHO 7hol =gkl (WHO, 1996)°] ufe}A
0.373.0g/L H9E Holui= g F=7F 95% o]l ol A= A9e) =3 3
BAfralled AAAEY A ZAHLAE Hold HEIALOD)Y 45, A3 k= Al
LOD/V 2% AAtete] bEstsich 2 B4 LOD# 2 o & 1 3 2tk tiabA 9
5

Fd xR 8, AdEIz wMEsAY, Az ERsed, Alesls

g

it

)

(Tertile) & 714 @& aF o=z AAGsAC.
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3.3.2. 28495

2 odgdd ARARE AN FUPEFFE STOP-Bang =75 53l #7hsh

Atk STOP-Bang A#& #H#MAH sHFIEFSS waEA H7Hd & s /idd
5

|8 =471 30kg/m* o] U 72
ol 7} 504 ©] A U7k
ZEZ97F 40cm o4 Y7k

ol gz

© N> O e W D=
N

of ‘ofgtir e
OSA Ade] Agrg =ol7] 93 5 22 7I+S FFske 45 OSA 193
T~ (High-risk) 2 2 A 9138} HChung et al., 2014, Kim et al., 2024).

1) 8708 A& & 5 1-4¥ oA 27) o] o] o] ‘of'gta §HaE o

(STOP score=?2), dHo] YA = A2 FA 457 30kg/m? o] ¢l 29

)
i)
Mo

F&o] 184 Fostgor, 7|£ STOP-Bang Aol A

olo

-
oot

2) BRE %307 STOP-Bang 7] 58 oAl A4
1 ¢+ OSA AT (Low-risk) 0& st ALPArS 7|Fom APHE 74

&t
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Ao wel spole, B2,

b o,

2 FRE

=
W

&7, MEFe 470

+ol BMI(Body

=0 3.9
=& &8s

Z

A

Al

A7 B Al A mink o= A Akl

185 ©]

Al, 25kg/m*> o]
F<i k. BMI

S

==
5,

e, BMIZ} 185kg/m? v Rke A A

Al AES
A} 23kg/m? "Rk AA 23kg/m? ©]4F 25kg/m? v

30kg/m? ™

=
=

Mass Index, A& #=A] )

s

%

d

o

[‘1_]__

A =
LU LI

z 7R

o
T

Erl,

of ¥X&FH7| Wi FHHFOR

}

1991, BMIZF STOP-Bang A<+ AA

FQ1E

=
=

P

ot slgEd=

3]

He

/51—

HA skt skAIRE, SlelEdE Fel Bl

S

A5 AE

85cm ©]4S H]
= 5711007 1))

90cm ©|7, oA
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0

_E.h

afal
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)l

oW

METs(Metabolic Equivalent of Task)

A B A7) F(World Health

A7 EZAF (GPAQ, Global Physical

A

a5

47171914

s

Organization, WHOQO)ol A A]¢

=
=

Activity Questionnaire)
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EE
il

o

w
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I

Al

(GPAQ)E
T3

o] of

1

S

METs

Mol A& el v &2 el gror ARG lkcal/kg® Ao H W, ¢

I A&kt 1 MET

= =)
"é‘%o

i

sl

del oy Mo r FoHm,

FEZ(MET leveD)x Al A &5 Al IHminute) x+9 &

&9 Z=el wet 7t

3}
=

*

J

Al

[e]
ool =

7]

KeR
T

N

w

L1t

B

Atk
te AFESEATHWHO, 2012). & <15-ollA

S

—_
fife)

AMETs, § =t}a 3
A8 ol

KN
L.

R

1) #o

2 1500 METs o4& AE&ALY 2) 74 o]

j
_

7ol

al

=
5

guj e} 7}

o]

N

7ol

AY 2) 308 ol4be 3
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=
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H

Aol sigdEy 1o9e] A4S
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o]

file)
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;3

Fof Bg

B27k 65% ol 4ol ALt

HEd o] 126mg/dL ©]

A oA}

Ab o
100mg/dL °]*+ 125mg/dL ©]

N

7k 57% ©1% 6.4% o©]

A=, FEREFo] 100mg/dL wlwre]l ALY Bt M4 57% 1]

R P

FolAY 23}

S

s
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X
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o] A9+ AA oFd wel Kruskal-Wa

lis 7474, 158 ¥ Fgd= 7helAlw HA(Chi-square test)S Al FsAt
TR A SR s E S ek HAY FuFEET dudes s

sl 2x A8 3] 84 (logistic regression)S AF-&391 .

VOCs9l lng/g Cr 57t A9 (ow-risk) 9IS 7Eo=2 PS vluwstgon,
RAHSFE 3719 modelz2 Yol A#AAHE A5t WA, Crude model o] @
el A Alo]o] AP Al AAAdS gl on,

L

do wE v oRE B AT Model 25 Model 1

A & o3 Idx §9 gEE 319 HAd(subgroup)S wF3te IEA |73
= A48 FEAFEETY A 2 sk Jdel e ZolE gl

EAAHNE PH & odds ratio(OR)9F 95% 4l=#3to 2 zdstdon, & F 3

WA f7)181 e =29 Tertile 7Fol @& FAHE P for trendE A2bste] Qs

ATt F3 E48 Model 22 APl om, 2F 7 2old thak AL p for intera
H

tlo
ik
ofo
9‘_
2
v
T
i
f
N
T
>
flo
m
m
E

9.4(SAS Institute, USA)E A}

gstalen, P<0.059 455 BAALR FoAt Ao st
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35 7€

B A3EsE dAAgad d749 993 (nstitutional Review Board, ©]3} IRB)A 2]
ol IRB 522 WAdTHIFAHZ: 4-2024-1244). £ AF-o| A A3 KNHANES 4

o= Abdel RE A Al A B HAF B-E s E weken, At ARE

’

A =T A4 AR AT 998 RB Aosh $9L Wk
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a2

AT I QWA 54

B oATE A87] FWAgdgERA F 2020-2021d Al H
HEd AAAE ZAF GAAZE MEOR FUTSE B AT (IS
T3 HAxhdd S5 ARAWE 404 o) T HFT didA 9

MAgstdom, 1%, OSA A@wrel gidzk= 8024, OSA i Fate] gz
1149 o] th OSA A Ed wep &3 dnbd 542 1 29 2o AdEade
o] 2897 (41.03%), ¢34 °] 51318 (58.97%)° W, A& FA o] 1027 (94.04%),
ol 129 (5.96%) ol Atk A @wre] Hi AHFL 563(x050)AH, L] H A
B 582(+0.78) A0l Atk AAl tidAe] BMIZF 185kg/m* mlwko] 309 (2.47%),
185kg/m* ©]4 23kg/m* m|wko] 3107 (34.19%), 23kg/m* ©]4 25kg/m* w|wto] 2219
(23.69%), 25kg/m* ©]4+ 30kg/m?® v wto] 306% (34.08%), 30kg/m* ©]4+o] 494 (5.56%)
o] At}
AA e AYGTe white collar7b 1987 (25.28%), pink collar’} 999 (12.46%),
blue collar7} 2367 (25.54%), A Q4w s & & & &7 3839 (36.71%) 0] L T
b A5 ARTE Uro] TP A5 B2 1397 173% (11.33%), 258917
234 (26.54%), 3%9 47} 236W(2658%), 7t 2S0] =& 429471 2687 (35.30%)
ojom, £25& 4 4 gl WA 58(0.26%) ] At

AA g 5 AALEsES AFE AALso] 5398 (56.01%), 4% AA &5 o
2257 (26.34%), 17= A A 5ol 1528 (17.65%) o2 AA dAda 5 A= AA
TE st didAEe] M Btk Fdd e BRE vEFAxE 5821 (58.77%),
BA FAAIF 23178(26.69%), AA FAA
ek, AA WA F SF WE BERE n9ISFEE Urol HlugeFAE

8397 (89.35%), L9 & &FX

o

rr
S
o%)
od
=
=
o
=
X
o
fru
=
ol
rO
2
N
N
N
N
o
el

rr
|
J
of.
=
o
@
o)
98
o
32
ui
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EERFQ 9% & F VOCs UAAl 5% REE g # 3% 2o =E3WSE
Wge FxE Hol TI¢RQI-Qez yeligit. &3 Toluene THARAIR]

BMAT 4.869ug/g(2.95 - 8.24ug/g), Xylene? thAFA¢l 2MHAS®F 34-MHA+ 1751n
g/0(12.56 - 24.29ug/g)} 87.01ng/g(61.06 - 129.21ng/e), Ethylbenzene % Styrene®] TH
ARAIQD PGA® 232.51ng/g(170.59 - 310.16pg/g), Styrene®] wAFAIQlI MA+& 141.40n
g/2(96.01 - 220.22ug/g), Benzene® TtHAFAICl SPMAE  0.58ug/g(0.80 - 1.11ug/g),
Acrolein®] tAFAIQl 3HPMA = 415.85ng/g(268.79 - 637.28ug/g), Bromopropane®] T
ALAIQ] BPMAT 41.72ug/g(18.32 - 79.85ug/g), 1, 3-Butadiene®] W A}A]¢l DHBMA+
235.27ug/g(189.51 - 284.93ug/g) ol ATt o]& OSA f1@dxe wel s FxX+ tha
3 49k 2
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E 2. Arddate) dud 54

Unweighted Weighted
Variables (N"l;olt(z)%g) I(‘I?I‘Z;g;l)( Igﬁgfizlg P-value Weighted N (I:{:o;zi%) %13:;}831)( I({ﬁlgzh 1-?4%( P-value
N(%) N(%) N(%) 21,087,385 N(W%) N(W%) N(W%)
Sex <.0001 <.0001
Male 467(45.43) 334(37.83) 133(91.72) 10,221,330  391(48.47)  289(41.03)  102(94.04)
Female 561(54.57) 549(62.17) 12(8.28) 10,866,055  525(51.53)  513(58.97) 12(5.96)
Age, years, Mean(SD) 59.5(11.77)  59.41(12.04) 60.03 (9.95) 0.48 21,087,385  56.56(0.51) 56.30(0.54) 58.17(0.78)  0.05
Age group, N(%) 0.01 <.0001
40-49 269(26.17) 242(27.41) 27(18.62) 6,651,527 239(31.54) 219(33.35)  20(20.51)
50-59 241(23.44) 199(22.54) 42(28.97) 6,475,679 208(30.71)  179(29.79)  29(36.34)
60-69 268(26.07) 219(24.8) 49(33.79) 4,975,893 232(23.60)  192(22.17)  40(32.32)
70+ 250(24.32) 223(25.25) 27(18.62) 2,984,286 237(14.15)  212(14.69)  25(10.84)
BMI (kg/m2), N(%) <.0001 0.001
<18.5 32(3.11) 31(3.51) 1(0.69) 521,394 30(2.47) 30(2.88) 0(0.00)
18.5-23 346(33.66) 325(36.81) 21(14.48) 7,210,405 310(34.19)  290(37.32)  20(15.03)
23-25 245(23.83) 211(23.9) 34(23.45) 4,996,318 221(23.69) 197(23.61)  24(24.20)
25-30 348(33.85) 292(33.07) 56(38.62) 7,186,918 306(39.64) 261(32.53)  45(43.58)
>30 57(5.54) 24(2.72) 33(22.76) 1,172,350 49(5.56) 24(3.66) 25(17.19)
Obesity by waist circumference, N(%) <.0001
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Not obesity
Obesity
Job collar, N(%)
White
Pink
Blue
Unknown
House income, N(%)
Quartile 1
Quartile 2
Quartile 3
Quartile 4
unknown
Physical activity, N(%)
Inactive
Moderate
Vogorous
High-risk drinking, N(%)
No
Yes
Cigarette smoking, N(%)
Never smoker

606(58.95)
422(41.05)

236(22.96)
113(10.99)
266(25.88)
413(40.18)

187(18.19)
255(24.81)
265(25.78)
316(30.74)
5(0.49)

611(59.44)
250(24.32)
167(16.25)

935(90.95)
93(9.05)

628(61.09)

548(62.06)
335(37.94)

198(22.42)
98(11.1)
217(24.58)
370(41.9)

158(17.89)
224(25.37)
226(25.59)
270(30.58)
5(0.57)

524(59.34)
224(25.37)
135(15.29)

818(92.64)
65(7.36)

591(66.93)

58(40)
87(60)

38(26.21)
15(10.34)
49(33.79)
43(29.66)

29(20)
31(21.38)
39(26.9)
46(31.72)
0(74.48)

87(60)
26(17.93)
32(22.07)

117(80.69)
28(19.31)

37(25.52)

0.02

0.72

0.04

<.0001

<.0001
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13,009,417
8,077,968

5,331,824
2,628,470
5,385,727
7,741,364

2,388,527
5,595,938
5,604,264
7,444,441
54215

11,811,214
5,554,927
3,721,244

18,840,527
2,246,858

12,393,531

545(61.69)
371(38.31)

198(25.28)
99(12.46)
236(25.54)
383(36.71)

173(11.33)
234(26.54)
236(26.58)
268(35.30)
5(0.26)

539(56.01)
225(26.34)
152(17.65)

839(89.35)
77(10.66)

582(58.77)

498(64.49)
304(35.51)

172(25.34)
88(12.75)
194(23.04)
348(38.87)

147(10.50)
207(26.88)
206(26.34)
237(35.98)
5(0.30)

468(55.15)
206(27.71)
128(17.13)

746(91.18)
56(8.82)

551(64.35)

47(44.60)
67(55.40)

26(24.95)
11(10.72)
42(40.83)
35(23.50)

26(16.37)
27(24.47)
30(28.03)
31(31.13)
0(0.00)

71(61.26)
19(17.96)
24(20.78)

93(78.10)
21(21.90)

31(24.65)

0.01

0.43

0.20

0.001

<.0001



Former smoker 274(26.65)  196(22.2) 78(53.79) 5,628,530 231(26.69) 168(21.71)  63(57.21)
Current smoker 126(12.26)  96(10.87) 30(20.69) 3,065,323 103(14.54)  83(13.95)  20(18.14)

Abbreviations: BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid; 3-MHA+4-MHA, 3-and 4-Methylhippuric acid; PGA,
Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine; 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.

Footnotes: Significance of OSA risk group difference based on Chi-squared test and Kruskal-Wallis
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E 3. AA AT A mE3ge

o o
Xt

Variables Case Weighted Mean Median Min-Max

of N N (SE) (Q1-Q3)
VOC metabolites
BMA(ig/g) 862  21087384.9 (82%8) (2'92‘&?2 40) 0.537-34.132
IMHA(uglg) 862 210873849 (209-695671) @ 51575-532_290) 2.618-76.628
34AMHA(ig/g) 862  21087384.9 1(41‘.31'833‘ (61.0567;‘{12%_209) 4.940-511.388
PGA(ng/g) 861  21087384.9 2(2‘76'22)9 . e 57 2242-600.480
MA(ug/g) 862  21087384.9 1(2852%)9 o 6.011‘;{;‘%'222) 5.977-627.109
SPMA(ug/g) 862 210873849 (8%?3) (0.7865—81%1 1 0.270-2.172
3JHPMA(ug/g) 862 210873849 ?1937.303563) e 68.%75;86‘5280) 91.644-1,747.347
BPMA(ug/g) 859  21087384.9 (629457153) a LA s 0500-296.485
DHBMA(ig/g) 862  21087384.9 2(3‘?622)6 (189 521335;2223'927) 55.737-457.227

Abbreviations: Q1, Quartilel; Q3, Quartile3 Min, Minimum; Max, Maximum;

BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid; 3,4MHA, 3-and
4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA,
N-Acetyl-S-(phenyl)-L-cysteine; 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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E 4. OSA fld=el e AFoda =&

M
b

. Low-risk OSA High-risk OSA
Variables - - - - P-value
Case of N Weighted N Median (Q1-Q3) Case of N Weighted N Median (Q1-Q3)
BMA(ng/g) 753 18125717.3 4.884(2.962-7.912) 109 2961667.54 4.743(2.764-9.138) 0.31
2MHA(ug/g) 753 18125717.3 17.500(12.560-23.612) 109 2961667.54 18.216(11.971-29.348) <.0001
3,4AMHA(pg/g) 753 18125717.3 85.670(61.149-125.653) 109 2961667.54 94.626(54.726-148.025) <.0001
PGA(pg/g) 752 18125717.3 233.201(172.088-314.394) 109 2961667.54 230.803(165.835-295.660) 0.79
MA(ng/g) 753 18125717.3 137.676(94.972-214.637) 109 2961667.54 162.781(106.649-257.468) 0.22
SPMA(pg/g) 753 18125717.3 0.803(0.594-1.124) 109 2961667.54 0.755(0.512—-1.009) 0.02
3HPMA(pg/g) 753 18125717.3 412.444(261.255-635.950) 109 2961667.54 440.704(338.651-654.226)  0.001
BPMA(ug/g) 750 18125717.3 41.845(18.239-82.498) 109 2961667.54 40.830(19.594-68.649) 0.90
DHBMA(pg/g) 753 18125717.3 237.957(189.883-287.552) 109 2961667.54 222.825(180.524-276.615) 0.07

Abbreviations: Q1, Quartilel; Q3, Quartile3 Min, Minimum; Max, Maximum;
BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid; 3,4-MHA, 3-and 4-Methylhippuric acid; PGA,Phenylglyoxylicacid,;

MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine; 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.
Footnotes: Significance of OSA risk group difference based on Kruskal-Wallis
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41, AFWRAN A VOCs tAASG AHH FATEES

SRS

WA 183 Model 25 7lEo2 Hts wf, & F VOCs

o

hya

2 % VOCs A ssh A4 FUTEES e Ande ANy A% o
5

o gt} mE

o]
= AL o=
thALA] &= BMAN-Acetyl-S—(benzyl)-L-cysteine) s %7} 1 unit 7142 F5

HrsEsel 24 o3k 9ol 1.80M kst Aoz YERSTHOR: 1.80, 95% CI:

1.16 - 2.80). MA(Mandelicacid)2] %7} 1 unit S71&d4E 5
ol 1.62¥] F7tshe oz Yepgon, FAAHSRE FostATHOR: 1.

1.00 - 2.63).
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E 5. VOCs tAtAI ¢ #AlAd FHFEFT] A4
Variables N of Crude Modell Model2
cases OR (95% CI) OR (95% CI) OR (95% CI)
BMA (pg/g) 862 1.00(0.70-1.43) 1.66(1.09-2.53) 1.80(1.16-2.80)
2MHA(pg/g) 862 1.30(0.73-2.31) 1.07(0.65-1.76) 1.31(0.75-2.28)
3,4AMHA (ng/g) 862 1.28(0.79-2.07) 1.04(0.67-1.62) 1.33(0.80-2.21)
PGA(ng/g) 861 1.11(0.78-1.57) 1.19(0.72-1.96) 1.41(0.82-2.44)
MA(pg/g) 862 1.49(0.99-2.24) 1.53(0.94-2.50) 1.62(1.00-2.63)
SPMA(pg/g) 862 0.53(0.27-1.05) 0.89(0.39-2.03) 0.96(0.44-2.12)
3HPMA(ng/g) 862 1.37(0.96-1.96) 0.98(0.64—1.50) 1.18(0.80-1.75)
BPMA(ng/g) 859 0.91(0.73-1.14) 0.90(0.70—1.16) 0.94(0.72-1.24)
DHBMA (pg/g) 862 0.47(0.20-1.11) 1.13(0.41-3.09) 1.59(0.59-4.27)

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-
L-cysteine; 2-MHA, 2-Methylhippuric acid; 3,4-MHA, 3-and 4-Methylhippuric acid;
PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-
cysteine; 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.

Footnotes: Odds ratios were from multiple logistic regression models. Model 1 was

adjusted for sex, age, waist circumference. Model 2 was adjusted for the Model 1

variables plus smoking status, high risk drinking, occupation, household income,

physical activity. Urinary VOC metabolites were log transformed due to skewed

distribution.
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¥ 6. VOCs Tertile®d #4

Variables

N of cases

Crude

Model 1

Model 2

OR (95% CI)

OR (95% CI)

OR (95% CI)

BMA(ng/g)

Ql (range 0.54-2.96)
Q2 (range 2.96-8.24)
Q3 (range 8.24-34.13)
P for trend
2MHA(pg/g)

Ql (range 2.62-12.56)
Q2 (range 12.56-24.33)
Q3 (range 24.33-76.63)

P for trend

204

421

237

242

422

198

1.00 (ref)
0.84(0.49-1.44)
1.38(0.75-2.54)

0.33

1.00 (ref)
0.60(0.36-0.99)
1.66(0.84-3.26)

0.20

_3"_

1.00 (ref)
1.47(0.74-2.90)
4.17(1.83-9.52)

0.002

1.00 (ref)
0.54(0.30-0.96)
1.09(0.50-2.38)

0.75

1.00 (ref)
1.28(0.66-2.49)
4.49(1.91-10.59)

0.002

1.00 (ref)
0.56(0.31-1.03)
1.61(0.71-3.65)

0.40



Variables

N of cases

Crude

Model 1

Model 2

OR (95% CI)

OR (95% CI)

OR (95% CI)

3,AMHA(ng/g)

Ql (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend

PGA(ng/g)

Ql (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

246

413

203

197

425

239

1.00 (ref)
0.77(0.44-1.33)
1.29(0.63-2.66)

0.53

1.00 (ref)
0.97(0.59-1.59)
0.81(0.39-1.68)

0.58

_32_

1.00 (ref)
0.98(0.52—-1.86)
0.87(0.38-2.00)

0.75

1.00 (ref)
1.11(0.59-2.08)
0.92(0.39-2.14)

0.87

1.00 (ref)
0.96(0.55-1.68)
1.17(0.50-2.76)

0.75

1.00 (ref)
1.22(0.68-2.19)
1.14(0.47-2.76)

0.72



Variables

N of cases

Crude

Model 1

Model 2

OR (95% CI)

OR (95% CI)

OR (95% CI)

MA(pg/g)
Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend
SPMA(pg/g)
Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

200

427

235

192

429

241

1.00 (ref)
1.12(0.57-2.21)
2.07(0.90-4.75)

0.09

1.00 (ref)
0.73(0.39-1.37)
0.50(0.24-1.06)

0.08

_33_

1.00 (ref)
0.88(0.40-1.92)
2.02(0.78-5.23)

0.14

1.00 (ref)
0.83(0.39-1.77)
0.84(0.35-2.00)

0.65

1.00 (ref)
1.02(0.48-2.17)
2.42(0.95-6.17)

0.07

1.00 (ref)
0.79(0.39-1.59)
0.87(0.41-1.87)

0.64



Variables

N of cases

Crude

Model 1

Model 2

OR (95% CI)

OR (95% CI)

OR (95% CI)

3HPMA(kg/g)

Ql (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(ug/g)

Ql (range 0.50-18.33)

Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

200

431

231

202

409

248

1.00 (ref)
2.03(1.09-3.78)
1.74(0.85-3.57)

0.11

1.00 (ref)
1.33(0.72-2.45)
0.89(0.48-1.65)

0.79

_34_

1.00 (ref)
1.95(0.89-4.29)
1.15(0.49-2.67)

0.95

1.00 (ref)
1.18(0.60-2.33)
0.77(0.36-1.65)

0.54

1.00 (ref)
1.80(0.85-3.79)
1.36(0.63-2.95)

0.45

1.00 (ref)
1.31(0.65-2.64)
0.87(0.42-1.82)

0.79



Crude Model 1 Model 2

Variables N of cases
OR (95% CI) OR (95% CI) OR (95% CI)
DHBMA(kg/g)
Ql (range 55.74-189.51) 188 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (range 189.51-284.95) 447 1.00(0.55-1.80) 1.51(0.76-3.02) 1.67(0.88-3.16)
Q3 (range 284.95-457.23) 227 0.62(0.29-1.32) 1.06(0.39-2.86) 1.45(0.57-3.68)
P for trend 0.23 0.75 0.31

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
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.

Footnotes: Odds ratios were from multiple logistic regression models. Model 1 was adjusted for sex, age, waist circumference. Model
2 was adjusted for the Model 1 variables plus smoking status, high risk drinking, occupation, household income, physical activity.

Urinary VOC metabolites were categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution
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E 7.4 me VOCs tiAbA e A4 FursEse) dud

Men (N= 391 Women (N= 525
Variables OR (95% CI)) OR ( 9§N% ) ) P for interaction
BMA(pg/g)
1 unit 1.77(1.10-2.86) 1.44(0.42-4.96) 0.76
Q1 (range 0.54-2.96) 1.00 (ref) 1.00 (ref)
Q2 (range 2.96-8.24) 1.25(0.62-2.52) 0.58(0.10-3.46)
Q3 (range 8.24-34.13) 4.41(1.74-11.19) 2.76(0.44-17.47)
P for trend 0.03 0.88
2-MHA(pg/g)
1 unit 1.22(0.69-2.17) 3.25(0.51-20.51) 0.32
Q1 (range 2.62-12.56) 1.00 (ref) 1.00 (ref)
Q2 (range 12.56-24.33) 0.47(0.24-0.92) 2.55(0.46-14.15)
Q3 (range 24.33-76.63) 1.48(0.61-3.61) 3.01(0.51-17.85)

_37_



] Men (N= 391) Women (N= 525) ) ]
1 P f
Variables OR (95% CI) OR (95% CI) or interaction
P for trend 0.90 0.05

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend

PGA(ng/g)

1 unit

Q1 (range 2.24-170.61)
Q2 (range 170.61-310.23)

Q3 (range 310.23-600.48)

1.24(0.71-2.16)
1.00 (ref)

0.84(0.46-1.54)

1.01(0.40-2.56)

0.50

1.43(0.79-2.59)
1.00 (ref)
1.06(0.57-1.98)

1.07(0.41-2.80)

_38_

3.63(0.70-18.88)
1.00 (ref)
5.96(1.46-24.39)
9.57(1.75-52.39)
0.03

1.14(0.56-2.32)
1.00 (ref)
N/E

N/E

0.22

0.63



Men (N= 391 Women (N= 525

Variables OR ((91\51% CI)) OR ( 9§N% o ) P for interaction
P for trend 0.87 0.53

MA(ng/g)

1 unit 1.57(0.94-2.63) 2.60(0.50-13.60) 0.57
Q1 (range 5.98-96.02) 1.00 (ref) 1.00 (ref)

Q2 (range 96.02-220.86) 0.95(0.43-2.12) 2.08(0.34-12.74)

Q3 (range 220.86-627.11) 2.20(0.79-6.08) 9.67(1.53-61.17)

P for trend 0.32 0.21

SPMA(pg/g)

1 unit 0.92(0.38-2.19) 1.36(0.37-4.92) 0.62

Q1 (range 0.27-0.59)
Q2 (range 0.59-1.11)

Q3 (range 1.11-2.17)

1.00 (ref)
0.71(0.34-1.49)

0.83(0.36-1.91)

_39_

1.00 (ref)
7.82(0.90-67.73)

4.83(0.40-58.01)



M = 391 me =52

Variables O;n ((91\51% 331)) WgRer(lggN% CSI)S) P for interaction
P for trend 0.88 0.24
3HPMA(kg/g)

1 unit 1.18(0.77-1.80) 1.06(0.43-2.58) 0.83
Q1 (range 91.64-268.91) 1.00 (ref) 1.00 (ref)

Q2 (range 268.91-638.13) 1.60(0.73-3.52) 15.15(0.44-518.36)

Q3 (range 638.13-1,747.35) 1.28(0.57-2.85) 3.23(0.15-70.76)

P for trend 0.92 0.76

BPMA(ug/g)

1 unit 0.93(0.69-1.24) 1.05(0.34-3.24) 0.83

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)

Q3 (range 80.10-296.49)

1.00 (ref)
1.32(0.62-2.80)
0.85(0.39-1.84)
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1.00 (ref)
0.73(0.08-7.04)

0.95(0.08-12.11)



Men (N= 391) Women (N= 525)

Variables OR (95% CD) OR (95% CD) P for interaction
P for trend 0.95 0.44

DHBMA (ug/g)

1 unit 1.80(0.61-5.32) 0.20(0.04-1.06) 0.03

Q1 (range 55.74-189.51) 1.00 (ref) 1.00 (ref)

Q2 (range 189.51-284.95) 1.43(0.72-2.83) 18.67(2.41-144.91)

Q3 (range 284.95-457.23) 1.59(0.594.29) 0.46(0.02-13.68)

P for trend 0.23 0.79

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
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.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for age, high risk drinking, smoking
status, occupation, household income, waist circumference, physical activity. Urinary VOC metabolites were log-transformed

or categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution.
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Variables

Non or Past smoker (N=813)

Current smoker (N=103)

OR (95% CI)

OR (95% CI)

P for interaction

BMA(pg/g)

1 unit

Q1 (range 0.54-2.96)
Q2 (range 2.96-8.24)
Q3 (range 8.24-34.13)
P for trend
2-MHA(pg/g)

1 unit

Q1 (range 2.62-12.56)
Q2 (range 12.56-24.33)
Q3 (range 24.33-76.63)

1.81(1.13-2.88)
1.00 (ref)
1.59(0.80-3.18)
4.64(1.74-12.37)
0.004

1.24(0.71-2.17)
1.00 (ref)

0.55(0.30-1.02)

1.81(0.75-4.36)

_43_

1.86(0.44-7.97)
1.00 (ref)
0.70(0.12-3.91)
4.90(0.54-44.20)
0.22

2.25(0.50-10.09)
1.00 (ref)

0.47(0.03-7.54)

0.61(0.03-13.29)

0.97

0.46



Variables

Non or Past smoker (N=813) Current smoker (N=103)

OR (95% CI)

OR (95% CI)

P for interaction

P for trend
3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend
PGA(ng/g)

1 unit

Q1 (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

0.44

1.21(0.70-2.07)
1.00 (ref)
1.04(0.58-1.85)
1.13(0.46-2.78)
0.80

1.23(0.72-2.12)
1.00 (ref)

1.10(0.58-2.06)

1.06(0.41-2.78)

0.94

2.15(0.84-5.50)
1.00 (ref)
0.29(0.02—4.64)
0.51(0.02-12.85)
1.00

1.52(0.45-5.12)
1.00 (ref)

2.30(0.13-41.91)

0.77(0.08-7.35)

- A4 -

0.29

0.75



Variables

Non or Past smoker (N=813)

Current smoker (N=103)

OR (95% CI)

OR (95% CI)

P for interaction

P for trend
MA(pg/g)

1 unit

Q1 (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend
SPMA(pg/g)

1 unit

Q1 (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

0.86

1.53(0.89-2.62)
1.00 (ref)
0.86(0.37-1.99)
2.13(0.78-5.80)
0.16

0.69(0.30-1.57)
1.00 (ref)

0.62(0.27-1.42)

0.59(0.26-1.36)

_45_

0.29

1.23(0.41-3.68)
1.00 (ref)
1.73(0.19-15.34)
1.78(0.17-18.22)
0.63

5.96(1.25-28.31)
1.00 (ref)

2.53(0.67-9.54)

3.82(0.47-31.41)

0.73

0.01



Variables

Non or Past smoker (N=813) Current smoker (N=103)

OR (95% CI)

OR (95% CI)

P for interaction

P for trend
3HPMA(ng/g)

1 unit

QI (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(ug/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

0.19

1.08(0.71-1.65)
1.00 (ref)
1.85(0.82-4.17)
0.83(0.37-1.84)
0.84

0.94(0.72-1.24)
1.00 (ref)

1.23(0.55-2.72)

0.88(0.41-1.92)

0.19

3.01(0.92-9.92)
1.00 (ref)
0.37(0.04-3.76)
2.25(0.17-29.26)
0.20

1.25(0.68-2.31)
1.00 (ref)

1.96(0.32-11.88)

1.82(0.18-18.07)

_46_

0.11

0.40



Variables

Non or Past smoker (N=813)

Current smoker (N=103)

OR (95% CI)

OR (95% CI)

P for interaction

P for trend

DHBMA (ug/g)

1 unit

Q1 (range 55.74-189.51)
Q2 (range 189.51-284.95)
Q3 (range 284.95-457.23)

P for trend

0.81

1.21(0.39-3.74)
1.00 (ref)
1.54(0.78-3.04)
1.13(0.35-3.60)
0.61

0.54

6.42(0.74-56.06)
1.00 (ref)
2.95(0.12-74.76)
3.57(0.21-60.70)
0.32

0.17

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric
acid; 3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)
-L-cysteine; 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.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for age, sex, high risk drinking,

occupation, household income, body mass index, physical activity. Urinary VOC metabolites were log-transformed or

categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution.
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£ 9. AAGEed utE VOCs thAtA g dljyd FHFE5Te A8

Variables Inactive (N=539) Moderate-vogorous (N=377) P for interaction
OR (95% CI) OR (95% CI)
BMA(ug/g)
1 unit 1.30(0.72-2.36) 2.75(1.32-5.77) 0.12
Q1 (range 0.54-2.96) 1.00 (ref) 1.00 (ref)
Q2 (range 2.96-8.24) 1.10(0.49-2.49) 1.59(0.54-4.67)
Q3 (range 8.24-34.13) 3.50(1.26-9.73) 5.65(1.44-22.12)
P for trend 0.04 0.02
2-MHA(ug/g)
1 unit 1.51(0.76-3.00) 0.99(0.46-2.13) 0.42
Ql (range 2.62-12.56) 1.00 (ref) 1.00 (ref)
Q2 (range 12.56-24.33) 0.51(0.22-1.18) 0.57(0.20-1.64)
Q3 (range 24.33-76.63) 1.92(0.72-5.13) 0.95(0.25-3.55)
P for trend 0.29 0.87
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Variables

Inactive (N=539)

Moderate-vogorous (N=377)

OR (95% CI)

OR (95% CI)

P for interaction

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend
PGA(pg/g)

1 unit

Q1 (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

1.27(0.67-2.42)
1.00 (ref)
0.72(0.31-1.65)
1.07(0.38-2.99)
1.00

1.14(0.65-2.00)
1.00 (ref)
1.10(0.54-2.28)
1.05(0.40-2.73)
0.90

_50_

1.26(0.69-2.31)
1.00 (ref)
1.20(0.48-2.99)
1.01(0.29-3.46)
0.93

2.16(0.77-6.08)
1.00 (ref)
1.24(0.46-3.40)
1.30(0.27-6.27)
0.71

0.99

0.28



Variables

Inactive (N=539)

Moderate-vogorous (N=377)

OR (95% CI)

OR (95% CI)

P for interaction

MA(pg/g)

1 unit

Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend

SPMA(kg/g)

1 unit

Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

1.46(0.86-2.48)
1.00 (ref)
1.43(0.55-3.73)
2.18(0.75-6.34)
0.14

1.76(0.77-4.05)
1.00 (ref)
1.58(0.71-3.49)
1.36(0.48-3.82)
0.41

_5"_

1.48(0.63-3.46)
1.00 (ref)
0.46(0.13-1.59)
1.97(0.50-7.84)
0.32

0.32(0.08-1.26)
1.00 (ref)
0.18(0.05-0.60)
0.33(0.08-1.34)
0.09

0.98

0.04



Variables

Inactive (N=539)

Moderate-vogorous (N=377)

OR (95% CI)

OR (95% CI)

P for interaction

3HPMA(kg/g)

1 unit

Q1 (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(1g/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

1.00(0.60-1.65)
1.00 (ref)
2.36(0.95-5.88)
1.46(0.54-3.97)
0.56

0.96(0.70-1.32)
1.00 (ref)
1.69(0.76-3.76)
0.69(0.26-1.82)
0.52
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1.35(0.64-2.86)
1.00 (ref)
0.96(0.26-3.49)
0.97(0.25-3.76)
0.97

0.96(0.57-1.61)
1.00 (ref)
0.80(0.24-2.71)
1.38(0.40-4.78)
0.68

0.50

1.00



Inactive (N=539) Moderate-vogorous (N=377)

Variables OR (95% CI) OR (95% CD) P for interaction
DHBMA(kg/g)

1 unit 0.83(0.23-2.99) 2.86(0.70-11.69) 0.20

Ql (range 55.74-189.51) 1.00 (ref) 1.00 (ref)

Q2 (range 189.51-284.95) 1.56(0.69-3.54) 1.48(0.57-3.84)

Q3 (range 284.95-457.23) 1.18(0.35-4.02) 1.26(0.28-5.76)

P for trend 0.72 0.65

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
3-HPMA, N-Acetyl-S-(3-hydroxypropyl)-L-cysteine; BPMA, N-Acetyl-S-(n-propyl)-L-cysteine; DHBMA, N-Acetyl-S-(3,4-dihydro
xybutyl)-L-cysteine.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for age, sex, smoking status, high risk
drinking, occupation, household income, waist circumference, physical activity. Urinary VOC metabolites were log-transformed or

categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution

_53_



46. Fx 7 oFo] WE VOCse #HHA F3E559

A G §8 ofFo] wE =32 (Z 10)o14 BMAE 1 unit &7} A Al

¢ (

2~ = 5
N FF FUTEES 54

f
12
o
1o
B

Aol 1.84u F7kste Ao = UEEI, o= &
Aoz Fo3tH(OR: 1.84, 95% CIL 1.12 - 3.00). T3+, A1AE9]S4 the] A3AHES
Foll A 5148 F7hsleE Ao ® YER oM (OR: 5.14, 95% CI 1.85 - 14.24), FA= =
Aoz fFo k(P for trend: 0.01).

v
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1= o] o

£ 10. T 1 oFol W VOCs tAtAleh A MY T35S duAd

Normal (N=744) Diabetes mellitus (N=172) ) .
P for interaction

Variables OR (95% CI) OR (95% CI)
BMA(ng/g)
1 unit 1.84(1.12-3.00) 1.18(0.57-2.45) 0.32
Q1 (range 0.54-2.96) 1.00 (ref) 1.00 (ref)

Q2 (range 2.96-8.24)
Q3 (range 8.24-34.13)
P for trend
2-MHA(ug/g)

1 unit

Ql (range 2.62-12.56)
Q2 (range 12.56-24.33)
Q3 (range 24.33-76.63)

P for trend

1.28(0.59-2.77)
5.14(1.85-14.24)
0.01

1.22(0.62-2.39)
1.00 (ref)
0.43(0.20-0.90)
2.26(0.79-6.45)
0.33

1.01(0.24-4.27)
2.28(0.51-10.17)
0.30

1.44(0.42-4.94)
1.00 (ref)
1.12(0.26-4.93)
0.79(0.16-3.97)
0.74
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Variables

Normal (N=744)

Diabetes mellitus (N=172)

OR (95% CI)

OR (95% CI)

P for interaction

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend
PGA(pg/g)

1 unit

Q1 (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

1.28(0.69-2.36)
1.00 (ref)
0.95(0.49-1.84)
1.32(0.47-3.72)
0.66

1.66(0.86-3.20)
1.00 (ref)
1.30(0.67-2.52)
1.40(0.51-3.82)
0.47
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1.19(0.44-3.21)
1.00 (ref)
0.93(0.25-3.51)
0.73(0.13-4.14)
0.72

0.53(0.20-1.38)
1.00 (ref)
0.73(0.16-3.26)
0.33(0.08-1.43)
0.12

0.91

0.05



Variables

Normal (N=744)

Diabetes mellitus (N=172)

OR (95% CI)

OR (95% CI)

P for interaction

MA(ug/g)

1 unit

Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend

SPMA(ng/g)

1 unit

Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

1.71(0.98-3.01)
1.00 (ref)
1.33(0.54-3.27)
2.84(0.94-8.64)
0.07

0.94(0.38-2.32)
1.00 (ref)
0.93(0.42-2.07)
0.86(0.36-2.09)
0.75
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1.09(0.43-2.75)
1.00 (ref)
0.27(0.06-1.17)
1.05(0.22-5.07)
0.88

0.90(0.22-3.70)
1.00 (ref)
0.28(0.08-0.93)
0.78(0.17-3.62)
0.56

0.41

0.96



Variables

Normal (N=744)

Diabetes mellitus (N=172)

OR (95% CI)

OR (95% CI)

P for interaction

3HPMA(kg/g)

1 unit

Q1 (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend
BPMA(ug/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

1.20(0.75-1.92)
1.00 (ref)
1.65(0.71-3.83)
1.20(0.51-2.83)
0.65

0.93(0.70-1.23)
1.00 (ref)
1.47(0.67-3.22)
0.58(0.25-1.38)
0.38
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0.92(0.41-2.08)
1.00 (ref)
2.54(0.32-20.38)
1.73(0.22-13.91)
0.75

1.18(0.69-2.00)
1.00 (ref)
0.96(0.19-4.90)
1.95(0.44-8.58)
0.31

0.58

0.43



Normal (N=744) Diabetes mellitus (N=172)

Variables OR (95% CI) OR (95% CD) P for interaction
DHBMA(kg/g)

1 unit 1.75(0.56-5.47) 0.39(0.05-2.83) 0.19

Ql (range 55.74-189.51) 1.00 (ref) 1.00 (ref)

Q2 (range 189.51-284.95) 1.62(0.79-3.31) 1.25(0.28-5.61)

Q3 (range 284.95-457.23) 1.56(0.54-4.51) 0.77(0.17-3.41)

P for trend 0.31 0.78

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
3-HPMA, N-Acetyl-S-(3-hydroxypropyl)-L-cysteine; BPMA, N-Acetyl-S-(n-propyl)-L-cysteine; DHBMA, N-Acetyl-S-(3,4-dihydro
xybutyl)-L-cysteine.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for age, sex, smoking status, high risk
drinking, occupation, household income, waist circumference, physical activity. Urinary VOC metabolites were log-transformed or

categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution
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2 AT A7l IR AL 2020-2021d dHlolHE &85t wh
g A9 916 el A A f{F71SsRHE(VOCs)o =3 #Afd =
(OSA) T oFstete] AR S gelstitt. vat A2y dAEMS &
A A3 & T A FrIEE § EF<de WA BMA s=7F 1 ounit 5748
T5 T ANE FUHFEEFF(0SA) T4 oFste] o] 1.80W) EolA= Ao=
H] A3AFE eI el A 4499 FrEsith g, ~EEle] o
A 529 1 unit S7F B OSAS 574 <tstel 93] 1629 S7tskAth
e =S VOCs 527 ARJAAAN sF2d S S7HA71aL, A4,
#H 75 Ast, COPDSt 22 s57] A% 93 9 S oFstet #do] dvke &
of A AA}E3 X AUH(Diez et al, 2000; Lv et al,2023; Yoon et al, 2010;
Bentayeb et al., 2013; Delfino et al., 2003).

71E AE ATE S ARdAE HEAQ =7
71aL, w7 B Aol A A5 Wss S/, dEEr] whES dehlo] 7%

TE71A Atole] Aol S AJAFSFG tH(Johnson et al., 2007, Yamamoto et al.,
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2007). 2017 m = Al 1978 S o ® g Fd AFoAE EFd wEF0] A&y

; TE EFde ofgk A LAeIFe] Z; 2w, 118 F7hghtia
B5glal, o] BMASH S57174 A% Atelo] A@Ao] vEhd 2 Aol Ao}
A A FH(Collins et al., 2017).
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il
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al ol s Al HA =EHY, 7=

TE T8 WA 2HAY xE:e SFVA A ASS Fol 95 % Ak &
EY2E FEF= A2 48 Jrh(Sati et al., 2011, Roder-Stolinski et al., 2008,
Sati et al, 2011). 2011 1% Fet2g FFoA] 1 o] <53 =22 4 S
dor & ga-thxa AeAs #H 7ls3d 2Fa Fe] gk AaaaArE vest
om, ZEAE gzt v # 843 §FFEVC, FEV,, VC )°] BF {23
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o glow Huste MARZ mE 5774 48 24 g9 +AE sy 3§
t}(Sati et al., 2011).

olgdk & T VOCs =F° o3 oF 7ls Ash 945 24 22 57149 F

g A= & F VOCs s=7F mobd s A4l 4SS ob7lskal 71dA 7}

=
Tty Rustdti(Kwon et al, 2018). 7| #XA] &% F7] 252 #AAAA A
i

T 2 AEHA A4S BAGE o F doeH, o FH F TF FoE o]
A 4 Ut (Wang et al, 2024; He et al, 2022). =3+ n]= NHANES HolHZ &&
sted VOCs =&=2 gk & F VOCs "lAMAI9F 1 174 7he] AdAd s A E o

TAAE & F VOCs A s=7F 571845 Y g ¥ (poor sleep patterns),
H| 2291 4= Al 7Habnormal sleep duration), =% “el(trouble sleeping, and sleep
disorders)7} Z7}sttl . W 18t Zhuang et al, 2024). o]o, A& &3, At
A F¥ & VOCs =F°l do] Abgmttt Zol7} 9ls & Aoy, VOCsé =

Fe 5§/ % 49 A%d 49 HWAE 4

5
rr

o

2 AE¥" Y (Cakmak et al,
2014; Vacek et al., 2010).

F7H o2 OSA9 917 aqlo=z e 4d, §d dH, A E, Ty F1¥
o B2 FshwAlS WA Ay, A wE FIEA Ao T
1 unit S7F @ $F OSAS] F74 o3t f1de] 177w F7kstslom, Al4HEAs o
H] A3AE Il A 55 OSA F4 o3t 913 441578tk o A4dS 34-M

OSA?®] F7 ofs} el bz 596w, 9579 F7ketaict.
TS MAS] AT tiH] AMEFAAE 9679, DHBMAS All4HE914
el AL Sl A= 1867 Skt Aol mE F 2 Y] Aole &
= FEtgdie] tiAbA ¢l DHBMACIA 2ol 5 1t}

HA A FeolaA dEld EFAL HQE, ARE, AHA ol g8 =EFd F
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>
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AL &3] =EHE AR dEA JTHIARC, 1989, Warden et al,, 2018). H3F,
cEAe wFHA e Fol e A qe 9 A4



9lgo] Zrtsloax EFdo w3
F A MAYUSS 18T & 3, ojyst AHH FAL EFAY =&
FS FUS 4 A (Collins et al., 2017, Warden et al, 2018). AA] £ ¢ 7o A

o A blue collar’} 40.83% = 7}4 Bgkow 71 = 965%7F HA el A

@)
)
>
k!
do
e}
SN

o2 yEhyith dE, Aol gALAISl 34-MHAE &4 AFA(Reactive Oxygen
Species, ROS)E dAlsla vEEZ=gol B girF £4o7 23 ~2EfgAE 23}
Aoz 4 Ut (Salimi et al, 2017). A3} ~E#H 22 F7le= FHEA oY 4

HEE vFn 557 Ao S A Ao deA o (Lei et al, 2023,
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2 dHA Qo (Chen et al, 2022) AWEF FoA F2 ZFg A =
2 YEtH(Chen et al, 2018, TARC, 2010). °o]& ZAF B2l Aol =z dd
717r o 2 Aol w= Azke]l Tk A ool Ayl X Azre] EE S 1
HAatAs wW A F59 Fhe FEHAY = FEd 43S FAS 7 Udn#

A & #AEAEL, 2021, WL E= et al, 2020, Lesser& Nienhuis, 2020, Storz et al., 2022,
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bt 2Ef 2 9 HAl 45S oF7lstal o= OSA9 ofstw olojd 4 9lth(Hong
et al., 2016). T3 A4Fst 2E#H 2R A8 Axo 3 A%, A2 F Ogd s A
9 F2g Wiz S48 207 4 Yk o2 9@ 5F/19 AX Wz sxe
TE24 Myl OSAY FTEE =Y 4 dtH(Montero-Montoya et al.,, 2018).
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407
133

0.91(0.74-1.13)
1.00 (ref)
0.81(0.51-1.30)
0.85(0.56-1.30)
0.09

0.87(0.74-1.03)
1.00 (ref)
0.65(0.44-0.96)
0.86(0.56-1.33)
0.94

0.93(0.72-1.21)
1.00 (ref)
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0.80(0.60-1.07)
1.00 (ref)
0.69(0.38-1.24)
0.69(0.37-1.27)
0.05

0.82(0.65-1.04)
1.00 (ref)
0.57(0.32-1.01)
0.69(0.36-1.31)
0.43

0.84(0.59-1.20)
1.00 (ref)

0.78(0.57-1.07)
1.00 (ref)
0.69(0.37-1.28)
0.68(0.35-1.31)
0.90

0.80(0.62-1.03)
1.00 (ref)
0.56(0.32-0.99)
0.65(0.34-1.26)
0.39

0.81(0.58-1.13)
1.00 (ref)



Variables N of cases Crude Model 1 Model 2
OR (95% CI) OR (95% CI) OR (95% CI)

Q2 (range 1.00-2.40) 142 0.79(0.46-1.36) 0.59(0.27-1.25) 0.54(0.25-1.16)
Q3 (range 2.50-91.30) 132 0.70(0.42-1.19) 0.50(0.23-1.06) 0.48(0.22-1.04)
P for trend 0.42 0.46 0.81
TVOC(pg/m’*)

1 unit 916 0.98(0.88-1.10) 0.94(0.79-1.12) 0.93(0.78-1.10)
Ql (range 1.20-51.00) 327 1.00 (ref) 1.00 (ref) 1.00 (ref)
Q2 (range 51.20-150.60) 302 1.00(0.68-1.48) 0.98(0.56-1.70) 1.03(0.58-1.82)
Q3 (range 151.00-6390.70) 287 0.81(0.55-1.20) 0.66(0.37-1.19) 0.62(0.33-1.17)
P for trend 0.46 0.07 0.23

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;

3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine; 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.
Footnotes: Odds ratios were from multiple logistic regression models. Model 1 was adjusted for sex, age, waist circumference. Model 2
was adjusted for the Model 1 variables plus smoking status, high risk drinking, occupation, household income, physical activity.

Urinary VOC metabolites were log transformed due to skewed distribution.
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Age 40-49 Age 50+

Variables ORg 95% CD) OR ?9 5% CD P for interaction
BMA(rg/g)

1 unit 1.58(0.60—4.17) 1.87(1.09-3.22) 0.76
Ql (range 0.54-2.96) 1.00 (ref) 1.00 (ref)

Q2 (range 2.96-8.24) 1.04(0.22-5.03) 1.36(0.62-3.00)

Q3 (range 8.24-34.13) 15.60(0.97-251.36) 3.63(1.37-9.65)

P for trend 0.19 0.01

2-MHA(ug/g)

1 unit 0.55(0.26-1.17) 1.62(0.84-3.14) 0.03
Ql (range 2.62-12.56) 1.00 (ref) 1.00 (ref)

Q2 (range 12.56-24.33)
Q3 (range 24.33-76.63)

P for trend

0.59(0.16-2.16)
0.54(0.12-2.37)
0.208

0.55(0.29-1.05)
2.00(0.83—-4.80)
0.23



Variables

Age 40-49

Age 50+

OR (95% CI)

OR (95% CI)

P for interaction

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend

PGA(rg/g)

1 unit

Ql (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

0.48(0.21-1.14)
1.00 (ref)
0.55(0.09-3.26)
0.39(0.05-2.88)
0.36

1.84(0.25-13.58)
1.00 (ref)
0.57(0.13-2.60)
2.21(0.18-26.86)
0.82
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1.70(1.01-2.86)
1.00 (ref)
1.06(0.57-1.97)
1.61(0.64-4.07)
0.34

1.25(0.72-2.19)
1.00 (ref)
1.40(0.67-2.95)
1.00(0.42-2.38)
0.94

0.01

0.71



Variables

Age 40-49

Age 50+

OR (95% CI)

OR (95% CI)

P for interaction

MA(ng/g)

1 unit

Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend
SPMA(ng/g)

1 unit

Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

5.17(1.47-18.23)
1.00 (ref)
7.68(1.36-43.39)
31.67(4.70-213.66)
>0.0001

0.54(0.09-3.27)
1.00 (ref)
1.56(0.47-5.12)
N/E
0.63
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1.14(0.70-1.84)
1.00 (ref)
0.59(0.26-1.34)
1.30(0.48-3.56)
0.53

1.13(0.44-2.87)
1.00 (ref)
0.63(0.26-1.52)
0.97(0.40-2.36)
0.94

0.03

0.47



Variables

Age 40-49

Age 50+

OR (95% CI)

OR (95% CI)

P for interaction

3HPMA(ng/g)

1 unit

Ql (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(ug/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

1.37(0.60-3.10)
1.00 (ref)
0.82(0.22-3.02)
1.23(0.25-5.93)
0.91

1.19(0.57-2.51)
1.00 (ref)
3.21(0.61-16.74)
0.76(0.06-8.96)
0.78
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1.02(0.60-1.71)
1.00 (ref)
2.08(0.79-5.47)
1.41(0.54-3.70)
0.59

0.81(0.61-1.06)
1.00 (ref)
0.90(0.39-2.07)
0.74(0.33-1.65)
0.52

0.55

0.32



Age 40-49 Age 50+

Variables OR (95% CD OR (95% CD P for interaction
DHBMA(kg/g)

1 unit 2.31(0.33-16.33) 1.40(0.44-4.43) 0.66

Ql (range 55.74-189.51) 1.00 (ref) 1.00 (ref)

Q2 (range 189.51-284.95) 0.57(0.16-2.08) 2.07(1.04-4.13)

Q3 (range 284.95-457.23) 1.70(0.33-8.71) 1.56(0.56-4.33)

P for trend 0.73 0.22

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
3-HPMA, N-Acetyl-S-(3-hydroxypropyl)-L-cysteine; BPMA, N-Acetyl-S-(n-propyl)-L-cysteine; DHBMA, N-Acetyl-S-(3,4-dihydro
xybutyl)-L-cysteine.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for sex, smoking status, high risk drinking,
occupation, household income, waist circumference, physical activity. Urinary VOC metabolites were log-transformed or categorized

into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution
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Variables Normal (N=340) Obesity (N=576) P for interaction
OR (95% CI) OR (95% CI)
BMA(rg/g)
1 unit 2.92(0.98-8.65) 1.69(1.072.68) 0.36
Ql (range 0.54-2.96) 1.00 (ref) 1.00 (ref)
Q2 (range 2.96-8.24) 1.89(0.21-16.80) 1.11(0.59-2.11)
Q3 (range 8.24-34.13) 9.13(1.16-72.09) 3.95(1.67-9.34)
P for trend 0.05 0.01
2-MHA(ug/g)
1 unit 1.57(0.34-7.18) 1.28(0.72-2.28) 0.80
Ql (range 2.62-12.56) 1.00 (ref) 1.00 (ref)
Q2 (range 12.56-24.33) 0.62(0.14-2.73) 0.57(0.29-1.12)
Q3 (range 24.33-76.63) 3.17(0.47-21.51) 1.58(0.62—4.00)
P for trend 0.54 0.43
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Variables

Normal (N=340)

Obesity (N=576)

OR (95% CI)

OR (95% CI)

P for interaction

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend
PGA(rg/g)

1 unit

Ql (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

2.84(0.72-11.24)
1.00 (ref)
3.52(0.85-14.50)
1.24(0.11-14.43)
0.30

1.58(0.72-3.49)
1.00 (ref)
5.14(1.40-18.78)
2.07(0.46-9.30)
0.41

1.25(0.73-2.13)
1.00 (ref)
0.85(0.43-1.67)
1.14(0.45-2.88)
0.83

1.33(0.65-2.73)
1.00 (ref)
1.07(0.57-2.01)
1.06(0.38-2.97)
0.90
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0.27

0.74



Variables

Normal (N=340)

Obesity (N=576)

OR (95% CI)

OR (95% CI)

P for interaction

MA(ng/g)

1 unit

Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend
SPMA(ng/g)

1 unit

Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

3.77(0.80-17.69)
1.00 (ref)
5.46(0.85-35.17)
13.69(2.19-85.74)
0.03

3.01(0.55-16.51)
1.00 (ref)
5.20(0.60-45.26)
1.93(0.14-25.93)
0.51

1.60(0.93-2.75)
1.00 (ref)
0.90(0.41-1.99)
2.20(0.82-5.91)
0.13

0.76(0.33-1.75)
1.00 (ref)
0.62(0.32-1.19)
0.78(0.35-1.76)
0.39
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0.30

0.15



Variables

Normal (N=340)

Obesity (N=576)

OR (95% CI)

OR (95% CI)

P for interaction

3HPMA(ng/g)

1 unit

Ql (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(ug/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

2.28(0.47-11.03)
1.00 (ref)
5.86(0.74-46.63)
2.57(0.13-49.76)
0.55

0.89(0.44-1.79)
1.00 (ref)
1.80(0.44-7.39)
1.08(0.17-6.88)
0.97

1.03(0.68-1.56)
1.00 (ref)
1.54(0.71-3.36)
1.14(0.51-2.56)
0.82

0.91(0.69-1.21)
1.00 (ref)
1.19(0.57-2.49)
0.78(0.33-1.81)
0.60

_95_

0.34

0.95



Variables

Normal (N=340)

Obesity (N=576)

OR (95% CI)

OR (95% CI)

P for interaction

DHBMA(kg/g)

1 unit

Ql (range 55.74-189.51)
Q2 (range 189.51-284.95)
Q3 (range 284.95-457.23)

P for trend

9.46(0.55-162.53)
1.00 (ref)
4.97(1.09-22.72)
4.65(0.35-60.93)
0.18

1.61(0.49-5.24)
1.00 (ref)

1.55(0.76-3.17)

1.49(0.54-4.10)

0.36

0.25

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
3-HPMA, N-Acetyl-S-(3-hydroxypropyl)-L-cysteine; BPMA, N-Acetyl-S-(n-propyl)-L-cysteine; DHBMA, N-Acetyl-S-(3,4-dihydro

xybutyl)-L-cysteine.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for sex, age, smoking status, high risk

drinking, occupation, household income, physical activity. Urinary VOC metabolites were log-transformed or categorized into

categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution
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Variables Normal (N=569) Hypertension (N=347) P for interaction
OR (95% CI) OR (95% CI)
BMA(ng/g)
1 unit 2.09(0.83-5.27) 2.08(1.19-3.66) 1.00
Ql (range 0.54-2.96) 1.00 (ref) 1.00 (ref)
Q2 (range 2.96-8.24) 0.75(0.25-2.26) 2.26(0.97-5.27)
Q3 (range 8.24-34.13) 7.01(1.56-31.42) 4.90(1.70-14.17)
P for trend 0.04 0.003
2-MHA(pg/g)
1 unit 2.37(0.92-6.11) 0.71(0.36-1.41) 0.04
Ql (range 2.62-12.56) 1.00 (ref) 1.00 (ref)
Q2 (range 12.56-24.33) 0.62(0.23-1.65) 0.33(0.12-0.88)
Q3 (range 24.33-76.63) 3.48(0.94-12.87) 0.66(0.26-1.68)
P for trend 0.13 0.35
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Variables

Normal (N=569)

Hypertension (N=347)

OR (95% CI)

OR (95% CI)

P for interaction

3,4-MHA(ug/g)

1 unit

Q1 (range 4.94-61.06)
Q2 (range 61.06-129.23)
Q3 (range 129.23-511.39)
P for trend

PGA(rg/g)

1 unit

Ql (range 2.24-170.61)
Q2 (range 170.61-310.23)
Q3 (range 310.23-600.48)

P for trend

1.95(0.82-4.61)
1.00 (ref)
1.48(0.59-3.70)
2.50(0.72-8.60)
0.15

2.23(0.71-6.97)
1.00 (ref)
1.18(0.42-3.30)
2.37(0.56-9.98)
0.27
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0.99(0.54-1.79)
1.00 (ref)
0.54(0.24-1.23)
0.64(0.18-2.30)
0.41

0.88(0.47-1.62)
1.00 (ref)
0.77(0.33-1.81)
0.42(0.16-1.11)
0.09

0.20

0.15



Variables

Normal (N=569)

Hypertension (N=347)

OR (95% CI)

OR (95% CI)

P for interaction

MA(ng/g)

1 unit

Ql (range 5.98-96.02)
Q2 (range 96.02-220.86)
Q3 (range 220.86-627.11)
P for trend
SPMA(ng/g)

1 unit

Ql (range 0.27-0.59)
Q2 (range 0.59-1.11)
Q3 (range 1.11-2.17)

P for trend

2.37(1.02-5.47)
1.00 (ref)
0.46(0.15-1.39)
3.45(0.97-12.30)
0.08

0.50(0.14-1.80)
1.00 (ref)
0.45(0.15-1.34)
0.37(0.09-1.55)
0.13
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1.50(0.87-2.60)
1.00 (ref)
2.28(0.83-6.26)
2.41(0.74-7.86)
0.14

1.29(0.45-3.69)
1.00 (ref)
0.82(0.32-2.08)
1.18(0.39-3.55)
0.83

0.37

0.26



Variables

Normal (N=569)

Hypertension (N=347)

OR (95% CI)

OR (95% CI)

P for interaction

3HPMA(ng/g)

1 unit

Ql (range 91.64-268.91)
Q2 (range 268.91-638.13)
Q3 (range 638.13-1,747.35)
P for trend

BPMA(ug/g)

1 unit

Q1 (range 0.50-18.33)
Q2 (range 18.33-80.10)
Q3 (range 80.10-296.49)

P for trend

0.88(0.49-1.56)
1.00 (ref)
0.97(0.35-2.68)
0.66(0.23-1.85)
0.49

0.73(0.46-1.14)
1.00 (ref)
1.09(0.35-3.40)
0.58(0.15-2.29)
0.49

- 100 -

1.80(0.90-3.59)
1.00 (ref)
4.72(1.13-19.69)
4.28(1.00-18.41)
0.04

1.14(0.76-1.70)
1.00 (ref)
1.16(0.41-3.26)
1.21(0.41-3.58)
0.72

0.11

0.14



Variables

Normal (N=569)

Hypertension (N=347)

OR (95% CI)

OR (95% CI)

P for interaction

DHBMA(kg/g)

1 unit

Ql (range 55.74-189.51)
Q2 (range 189.51-284.95)
Q3 (range 284.95-457.23)

P for trend

5.30(0.72-39.23)
1.00 (ref)

2.23(0.80-6.21)

4.27(0.88-20.63)

0.07

0.39(0.09-1.61)
1.00 (ref)

1.16(0.43-3.16)

0.48(0.15-1.54)

0.33

0.04

Abbreviations: OR, Odds ratio; CI, Confidence Interval; BMA, N-Acetyl-S-(benzyl)-L-cysteine; 2-MHA, 2-Methylhippuric acid;
3,4-MHA, 3-and 4-Methylhippuric acid; PGA, Phenylglyoxylicacid; MA, Mandelicacid; SPMA, N-Acetyl-S-(phenyl)-L-cysteine;
3-HPMA, N-Acetyl-S-(3-hydroxypropyl)-L-cysteine; BPMA, N-Acetyl-S-(n-propyl)-L-cysteine; DHBMA, N-Acetyl-S-(3,4-dihydro

xybutyl)-L-cysteine.

Footnotes: Odds ratios were from multiple logistic regression models after adjusting for age, sex, smoking status, high risk

drinking, occupation, household income, waist circumference, physical activity. Urinary VOC metabolites were log-transformed or

categorized into categorized in to tertiles (tertile 1 as the lowest) due to the skewed distribution
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ABSTRACT

Association of volatile organic compounds exposure with the

aggravation of obstructive sleep apnea symptoms in Korean adults

Hyunah Son

Department of Public Health

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

Objective: To investigate the association of volatile organic compounds (VOCs) on the
the aggravation of obstructive sleep apnea (OSA) symptoms among Korean adults.

Method: Adults (aged 40 years and over) who were included from the 2020—2021
Korea National Health and Nutrition Examination Survey. The OSA risk was determined
using the STOP-Bang questionnaire with participants classified into low-risk and high-risk
OSA groups. Nine urinary VOC metabolites were analyzed from the urine samples. The
VOC metabolites were log-transformed or categorized into categorized in to tertiles (tertile
1 as the lowest) due to the skewed distribution. Logistic regression models were performed
after adjusting potential confounders.

Results: A total of 916 adults were included in this study. A one-unit increase in
log-transformed urinary BMA (N-Acetyl-S-(benzyl)-L-cysteine) (Odds ratio [OR]: 1.80, 95%
confidence interval [CI]: 1.16—2.80), MA (Mandelic acid) (OR: 1.62, 95% CI: 1.04 - 2.53)
was associated with the aggravation of OSA symptoms. Individuals in the highest tertile
(tertile 3) had a high risk of OSA compared to those in the lowest tertile (tertile 1), with
increases of 4.49-times for BMA (OR: 4.49, 95% CI: 1.91—10.59).

Conclusion: These findings suggests that VOC exposures is an environmental risk factor

for sleep disorders.

Key words : Volatile Organic Compounds, Obstructive Sleep Apnea, Environmental
pollutant, KNHANES, STOP-Bang index
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