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AANA AAZF e ATAHF718E=(VOCs) 7]

23 A7)k a4 f71853E(VOCs) =F°] $¢358 A28 & s
FA7E k. o] &dtel g AA T JFe BEHeth B AdyE AAZE
FEd WE VOCs =23 $8Z Alo]g ABRAFE =AY Y

Az R AR B g dyels davls =AMAE, 93, 45, Gl AFehs

% 1909 9 AT A TFHATY TS FHT = 25 AR HF 8%
Aolateity, 7+ HDrlape] AFA FiroA olAESEE s, AEA, E2dS

=3

= VOCs? &7 =& FAsA. AdAds d=s it 57 (METs)&

olr

7152 %2 inactive, minimally active, health enhancing physical activity(HEPA)=Z
BRIt g¥lg 22X~ 39 EdS ARESte] METs 2859 9 Alsst &
SN ELHStol =, ~HH W EF NI &5 AdAAFAS AT

AF: oA ELHI =S lng/m’ ZF7hE HEE 1E(S0 =4, 1.20; 95% 213771
1.11-1.30), H4& &5 25019 1.10-1.294 &5 A8 S7Fe #-do] AU
HEPA 7+#(1.22; 1.13—1.33). =1(65A41 o) 45, oAELHs|=e #Hdd
T35 f¥S HEPA I#Fol HEs IFEY fFosiA o =dthHp  for
interaction=0.007). ¥&4d IF% HA 5 IF e ARG Aole FAAHLR

9 3A] ¢kt th(p for interaction=0.134).
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2. Ax 9 UH

2.1. d4+A=

B 3o o9+ Environmental-Pollution-Induced Neurological Effects(EPINEF)
T2 "HelHE A5t Fa= St EPINEF deles 3ol A 274
Freflakel ¥ & At e, AR Ee] Aduds Sletr] el 5
IS Eo|t}, EPINEF IZIE AFE 2709 =AML, )9} 2719 A2=AN(YF,
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2014358 AlZEAT. 2014958 201897kA] ZMEERAL Z17kEer dezl
ANAAAZ (X, HE=F, 9715H)0] gl 504 o) 4o tAAES AYFs =3

28 AEzAbs 2Fstd AR 24 ZEESS AREStY] AE7INE e 54
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2.3. ==

o= Volatile organic compounds(VOCs)e] A% 2 & Acetaldehyde,
Styrene, Toluenes Xttt tida AF% 7|dke] VOCs 18+ §% F4&

93 7] F VOCsE =43, o] ARE 7|woz J2rygs 13

4
_OL
22
o
=)
2

FSE gAY IR 20166 7FSEE 20179 o E7HA 4293 W] SA S
3}, acetaldehyde 40770 #Z<=, styrene 24971, toluene 4287 #HZSF=
S H3EY. o] ASARE JHEe R VOCse AEHE(20161d 7Hs, 2016 AL
20179 4%, 2017 olF) He w3 dEFEY TSI @1

f
£
N
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Batgxst 2R FAdE 294 EdS AFEEl e v (Sampson et al, 2013),
oh &

A7l HIEF FEFE 32079 AYHFE H 2259 (partial least

square)& ©°l&alAH 7} edEdde] BAE F WYt s Ad™gE L5 dAE

VOCs = Mean structure + Variance structure
Y(s) = By + B1xs(S) + Ba2o(8) + B3xa(s) + £(s)

£(S)~N(0,X(6, 0% %))
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cross validation; reference) ZA¥}E o]&3AY. FEHI EHe] HyHEH2

B

acetaldehydets A= B 25%, & 52% 7FS 68% 71 42%°]il, styrene<
68%, o1& 67%, 71 41%, & 23%, toluene> & 36%, 915 26%, 7}= 51%, H=
3Bz AEE dFEFS 7gter gida AFAE VOCs dAET TEE

v
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Y 2 WEel@ w4 $EF AL WEHY FH(SGDS-KS A

AR5 542 H7M¥YBae and Cho et al, 2004). &S HE2

T2 dig Al HANE A b dRbARl HAE F sl SGDS-K&
=AGEA o)A 2T TN M F AsAgstes 157 dEow
T4 @ (Conradsson et al, 2013). & A7+ 24 5SS I=std F A4 HY7)
0ol 15 A}lolel o]R W 4(0=negative, l=positive)® A& om, ZF
0-15°]t}(Bae and Cho et al, 2004). T3 2 A& SGDS-KE W2 B3
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SGDS-K <15)(Bae and Cho et al.,, 2004).



o= LAQ8HE (SGDS-K)

Ofghe At 1FES {249 7|28 FoET| fig Z2ULCL

EEE T %A JFCOHH of, O BOHE ot LY O SHYAL.

ChEstol of2{g Z20j2s ®M O00HY HEjl =802l o 7MHE 58 of £&
OfL{2 2 EefFA{or ELCh

O Atk 1 TS 249 7|28 ZorE7| fjot ERYUCH EEE B HeMn
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2.5. &3 7 (Effect modifier): Al A &=

ARG ES A&ete oAb S7HEMETs)ol o8 AA & ATHIPAQ, 2005).

HAl= AREAE A 85 (Health enhancing physical activity, HEPA)S & A&

74 o] 3,000 MET-min/weekel] T = A7, T4 £ AHd 55 37
St A2 BERAY. F HAE HATY AAFEF T (Minimally active) 3Y
o4, BHF 20% ol AL MATFTS s HF e 5Y oA IHF 307 ol

WAZE = A71E s 45 E= #4600 MET-min/weekell & 33k

A7), TAE e 483 AASgdFS e AR EFSIAY A9 H A3
AA s T (Minimally active)® A4S 4AAS& 5 (HEPA)O X3HHA &&=
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HR 2 ractve Ml acve, HEPAY ZET = ChETE, WA R %2 A

HANO UABEI0nmalyactive) 132 014, oF 0 014 288 UHEEE 1= 22
5% 004, 88 308 04 355 UHBS Ce B B A2
3 44 00 MET-minfueek 48 27) BUE B HE8 AREEE B G2 A2

HENs ez
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VOCs X9 Fx7F A$HA Jof(1¥ 4, 5 6) FE 1%, 99% outliers #| <

(1 7, 8 9), 19099t #Ale] EgE 9k

20
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F8d W AS FlolAly  HA(Chi-square test) 2 A% WHFY A
t-AHA(T-test) & AH&3to] H2EZY VOCs F& T AAZE Ao ¢
Z43to]  A#AA (Association of VOCs or physical activity with depressive
symptoms [depression])S ¢olrn 7] 98] 22X ~Y 37 BIE AEste], 7 ERe

1 ug/m® F7Fd 2=4](0dds ratio, OR) % 95% CIE &8k BAS A &=

22 (unadjusted) B2 1, 93, A 2 W& 55 AP 2d 2 ggln A,

el Aol dolA AAFEs Ao J3 WA(effect modification) S
stolsl7] ¢, AAZE A X(inactive, minimally active, and HEPA)E %3}3l
2228 37 MK 35 T AAZEE T e AHE A= AolE
AAs7] #ste] Altman¥ Bland(2003) W¥S AF83%13, p for interaction® Z
TAHUG. Frhdos A dAdHER VOCs v%¢ 92 47 duAd

T3 wEWS] 201693 201732 VOCs % 3 &83te slddme Agqt
TEE Z&otd, UHE 45 FdstAHRobustness of results). EIE T
s S 2e B4 BRE A8&stel Uax= A4S Fdsiioen, B
EAAME VOCs s&9 Ex7F A¢HA4 doj(z2d 10, 11, 12) %= 1%, 99%
outliers Al¢|sta (¥ 13, 14, 15), 1,356 2] A7} 2o £3hs o)

N
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SAS version 9.4 (SAS Institute, Cary, NC, USA)E o] &

FOFE(pvalue)ol 005 MW A, FF AuHL Hol:
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29. 47 &4¢

e
r2

T dAgsY A7 9193 (Institutional Review Board, IRB) Al 2]l A
IRB WAIAe <<0& 2LATIRB number: 4-2024-0193). £ AFolA A&
EPINEF dlo]H= Abdel RE oidAelA A& 2 Ax #-d 59945 wgton,
ZAb AMEE =oAL dAgsd AT4le] Y3 IRB A9t FUS
HEQECHIRB number: 4-2014-0359).
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3. AT 2%

3.1 AT gAY 54

oA =20 YA oo H(EEAA, SD) %2 682 (4.3)4 o] ATHE

T T8 AT FA dHE 712 6.DAH, ¢ giE udAY
AEE 678 664 oAtk FE&EFFel A= FHAe ABS HABL 84 B19H, A
576 (35.0 A< AS ¥AA 1,070 5.0, A 179 (681 o]t}
TEsdel e A FAAS} AA FAAY vlEe A4 68% (n=18), 20.5%
(m=b4)e1om, F&Fdol flv udAsE diE @HuE 994 FAT (72.6%,
n=191). Acetaldehyde, Styrene, Toluene® *=%9 HW(ZFHAx}, SD)S z+zk 10.
(20) ug/m® 136 (53) pg/m®, B 322 (15.7) pg/m® ©°|Att. &F4o] <l
Al A &5 Inactive, Minimally active, HEPA+ 2Z}Z} 114 (43.4)%, 120 (456)9, 29

[oe)

rr

(11.0)4golar &Fo] gl 2AZEFS ZZ Inactive, Minimally active, HEPA+

Zkzk 674 (41.0)9, 778 (47.3)8, 2 194 (11.8)78 o] At}

28



E 1 Q793R Q7AEeE 54

Depression
Total Yes No
(N=1,909) (N=263) (N=1,646) p
Gender, N (%) 0.370
Men 660 (34.6) 84 (31.9) 576 (35.0)
Women 1,249 (65.4) 179 (68.1) 1,070 (65.0)
Age (years), mean (SD) 68.2 (6.7) 71.2 (6.7) 67.8 (6.6) <.0001

Education level (years), mean (SD) 68.2 (4.3) 9.0 (4.4) 10.4 (4.2) <.0001

Marital status (living with a spouse
or partner), N (%) 1,626 (79.9) 188 (71.5) 1,338 (81.3) 0.0003

Smoking status, N (%) 0.342
Current smokers 96 (5.0) 18 (6.8) 78 (4.7)
Former smokers 409 (21.4) 54 (20.5) 355 (21.6)
Never smokers 1,404 (73.6) 191 (72.6) 1,213 (73.7)
Alcohol drinking, N (%) 744 (39.0) 97 (36.9) 647 (39.3) 0.496

History of disease

Anai ial infraction,
N (%9;'"3 or myocardial infraction, 155 30) 24 (9.1) 128 (7.8) 0530

Hypertension, N (%) 690 (36.1) 80 (30.4) 610 (37.1) 0.044
Diabetes, N (%) 315 (16.5) 40 (15.2) 275 (16.7) 0.604
BMI (kg/m?), mean (SD) 246 (3.0) 244 (3.2) 24.6 (3.0) 0.393
Fasting blood glucose (mg/dL),
mean (SD) 97.8 (21.0) 99.2 (20.6) 97.6 (21.1) 0.260

(Ts°§;' Cholesterol (mg/dL), mean 56 3 (372) 1786 (34.3) 187.5 (37.6) 0.0003

Acetaldehyde (pg/m®), mean (SD) 10.8 (2.0) 11.3 (1.7) 10.7 (2.0) <.0001

Styrene (pg/m®), mean (SD) 13.6 (5.3) 12.7 (5.6) 13.8 (5.2) 0.0028
Toluene (ug/m?), mean (SD) 32.2 (15.7) 29.5 (12.7) 32.6 (16.1) 0.0006
Physical activity (MET-min/week),

N ctivity ( Iweek) 0.757
Inactive 788 (41.3) 114 (43.4) 674 (41.0)
Minimally active 898 (47.0) 120 (45.6) 778 (47.3)

HEPA 223 (11.7) 29 (11.0) 194 (11.8)

Abbreviations. BMI, body mass index; HEPA, health-enhancing physical activity.

Footnotes. P-value was the significance of difference in characteristics between individuals
with and without depressjon, calculated from Chi-squared test éfor categorical variables) and
t-test (for continuous variables). Presence of depression was defined based on the Korean
version of the Short Geriatric. Depression Scale (SGDS-K) (i.e., Yes if 8 < SGDS-K <15; No
if 0 < SGDS-K < 8). Physical activity was divided info three categories. The ‘minimally
active’ was a) 3 or more days of vigorous activity of at least 20 minutes per day; b) 5 or
more days of moderate-intensity activity or walking of at least 30 minutes per day; or. C_:z. 5
or more ‘days of any combination of walking, moderate—lnten3|t+( or \|/_||%orous intensity activifies
achieving, a minimum_ of at least 600~ MET-min/week. The HEPA cate?ory was _a
Xh%orou_s-mtensnty activity_on at least 3 days achieving a_ minimum of at léast 1,50
fET-minutes/week or b) 7 or more days of any combination of walkln%, moderate-intensity or
vigorous intensity activities achieving” a minimum of at least 3,000 MET-minutes/week.
Individuals who did not meet the above criteria were treated as the ‘inactive’ category.
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VOCs =% &3 #AAY d#Ad % 204 &35 Ao vaiN 5
H| G o] ©@$1d acetaldehyde 1 ug/m®* S7F & HASA 2S model 13 o],
A AFE BAE model 298 BE B WFEE Y model 3AE 7Hzt
1.20 (OR=1.20, 95% CI=1.11—-1.30), 1.19 (OR=1.19, 9% CI=1.10—1.29), 1
(OR=1.22, 9% CI-1.13—133) A% i1 FAgH2z fFofgdrt A

+539 AuYS BANOR FelsA B
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E 2. A7 VOCs(Acetaldehyde, Styrene, Toluene) ¥ A1 A &5 3} 98359
A

L

Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)

Volatile organic compounds
(per 1 pg/m® increase)

1.20 1.19 1.22

Acetaldehyde (g/m?) (1.115130)  (1.10-129)  (1.13-1.33)
0.96 0.98 0.98

Styrene (ug/m?) (0.94-0.99)  (0.95-1.00)  (0.95-1.00)
0.98 0.99 0.99

Toluene (ug/m?) (0.97-0.99)  (0.98-1.00)  (0.98-1.00)

Physical activity

Inactive Reference Reference Reference
» . 0.91 0.92 0.90

Minimally active (0.69-1.20)  (0.69-1.22)  (0.68-1.20)
0.88 1.06 1.00

HEPA (0.57-1.37)  (0.67-1.67)  (0.63-1.59)

Abbreviations. OR, odds ratio; CI, confidence interval; HEPA: health-enhancing physical
activity.

Footnotes. Model 1 was unadjusted, Model 2 was adjusted for age, gender, and education
level; Model 3 was adjusted for age, gender, hypertension, BMI, alcohol, smoking, education
level, diabetes, fasting blood glucose, marital status, total cholesterol, and angina or
myocardial infraction; Presence of depression was defined based on the Korean version of
the Short Geriatric Depression Scale (SGDS-K) (i.e., Yes if 8 = SGDS-K =15; No if 0 <
SGDS-K < 8). Physical activity was divided into three categories. The ‘minimally active’ was
a) 3 or more days of vigorous activity of at least 20 minutes per day; b) 5 or more days of
moderate-intensity activity or walking of at least 30 minutes per day; or ¢) 5 or more days
of any combination of walking, moderate-intensity or vigorous intensity activities achieving a
minimum of at least 600 MET-min/week. The HEPA category was a) vigorous-intensity
activity on at least 3 days achieving a minimum of at least 1,500 MET-minutes/week or b) 7
or more days of any combination of walking, moderate-intensity or vigorous intensity activities
achieving a minimum of at least 3,000 MET-minutes/week. Individuals who did not meet the
above criteria were treated as the ‘inactive’ category.
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3.3. A7 AR VOCs(Acetaldehyde, Styrene, Toluene) %}

$2% Atolo ABA YA AALF FE AHRAT

I 32 AAFEFol VOCs¢t &% 19 dA#gel o9A JFs mA=A
RolFE Ho|t} inactive TollA acetaldehyde’} lug/m® 5718 ul &35 $89]
115 (OR=115, 95% CI=1.04—129) =2 F7tatda SAAe= Fogdct (P for
trend=0.001). minimally active ¥ HEPA A4+ 133 (OR=1.33, 95%
CI=1.15—154)u, 1.34 (OR=1.34, 95% CI=1.05—1.70)81 = F7} 3Fom SAHo=
#oldtt (P for trend=minimally active:0.0001, HEPA:0.018). VOCs®| styrene®}

toluenedl| = A A &g o] Fro] wel 259 AAAS FdshA X
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E 3. 97 tA#9 VOCs(Acetaldehyde, Styrene, Toluene)$t $-& 5 Alolol Aol oA AAST Ao FiHA

Acetaldehyde (per 1 pg/m?® increase) Styrene (per 1 pg/m?® increase) Toluene (per 1 pg/m® increase)
OR P for trend OR P for trend OR P for trend
(95% CI) (95% CI) (95% Cl)
Physical activity
Inactive 1.15 (1.04-1.29) 0.001 1.01 (0.97-1.05) 0.762 1.00 (0.99-1.01) 0.879
Minimally active 1.33 (1.15-1.54) 0.0001 0.96 (0.92-1.00) 0.046 0.98 (0.95-1.00) 0.031
HEPA 1.34 (1.05-1.70) 0.018 0.90 (0.81-1.00) 0.044 0.99 (0.93-1.04) 0.637
Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity. Ves if 8 <

Footnote. Presence of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e.,
SGDS-K =15; No if 0 = SGDS-K < 8).
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34. AFRAAAe  Ado w&  VOCs(Acetaldehyde,
Styrene, Toluene)9} &3 Alole AFAF oA AAEF
Az a3da7

=]

4= FAY oA AR A AAZE] FEF i VOCs AFS
RoAFEAY. FAAA inactive oA acetaldehyde’} lug/m® S71s W &35
93] 1.11 (OR=1.11, 95% CI=0.90—1.38)8] & Z7}3t% 3L, minimally active 3}
HEPA olA= Zh7z 1.37 (OR=1.37, 95% CI=1.07—1.76)9], 1.56 (OR=1.56, 95%
CI=1.07—220) 2 =718ttt o2 Al minimally active oA Z7}3F 1.378] 9]
S nactive ol L11M @S oyt QAW EAHOE  F5HA

A

ekt (Inactive vs Minimally active p for interaction=0.207, p=0.207). B=3%}, inactive
aFol 111ve 9193 HEPA 28l 156uel 43L& Zol7b A EAHo=
FelatA) heh(dE Aol vhe p=0.126).

oA o] 749 inactive oA acetaldehyde”’} lug/m® 571k wf &5 93o] 1.19
(OR=1.19, 95% CI=1.04—136)M= <Z7Fst%13l, minimally active 3 HEPA
TAANE= A7 132 (OR=132, 9% CI=1.09—1.60)", 1.17 (OR=1.17, 95%
CI=0.81—1.69)8 2 =7}5td . ©]Z A minimally active oA Z7}3 1.378]9

82  inactive ol 1199 gL Aolrt AT FBAHOR  FoshA

i<

& tth(Inactive vs Minimally active p for interaction=0.364, p=0.364).
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¥ 4. A7 HgAe] Adol wE VOCs(Acetaldehyde, Styrene, Toluene)$} $-&% Alole] Al qloix AASs P avdF

Acetaldehyde Styrene Toluene
(per 1 pg/m?® increase) (per 1 pg/m?® increase) (per 1 pg/m® increase)
OR P for OR P for OR P for
(95% CI) interaction (95% CI) interaction (95% CI) interaction
Men (n=660)
Physical activity
Inactive 1.11 (0.90-1.38)  Reference 0.99 (0.91-1.08) Reference 0.97 (0.91-1.03) Reference
Minimally active 1.37 (1.07-1.76) 0.207 0.92 (0.84-1.00) 0.212 0.99 (0.95-1.02) 0.590
HEPA 1.56 (1.07-2.27) 0.126 0.91 (0.79-1.05) 0.321 0.83 (0.72-0.95) 0.047
Women (n=1,249)
Physical activity
Inactive 1.19 (1.04-1.36) Reference 1.01 (0.97-1.06) Reference 1.01 (0.99-1.02) Reference
Minimally active 1.32 (1.09-1.60) 0.364 0.98 (0.93-1.02) 0.294 0.97 (0.94-1.00) 0.034
HEPA 1.17 (0.81-1.69) 0.927 0.88 (0.73-1.06) 0.161 1.04 (0.99-1.09) 0.153

Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity.
Footnote. P for interaction was the significance of difference in the association between volatile organic compounds (VOCs) and depression. Presence

of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e., Yes if 8 < SGDS-K <15; No if 0 <
SGDS-K < 8)
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35, AR yolo wE  VOCs(Acetaldehyde,
Styrene, Toluene)9} &3 Alole AFAF oA AAEF
Aro 39H7

wo®2  6OA TIeEer uvx WAl AAZEe] gl

o

grledEde dFgFS HAFUTE (E 5). 654 o]dolA  inactive oA
acetaldehyde’}  lug/m®* S718 o &% ¥l 118 (OR=118, 9%
CI=1.04—130)w 2 =7}8t9 1, minimally active w3 HEPA wolAd & Z+zF 1.39
(OR=1.39, 95% CI=1.17—1.64)1], 2.08 (OR=2.08, 95% CI=1.40—3.07)¥1Z Z7}3}

olZ A minimally active oA =7} 1.3991¢] - inactive o 1.18¥] 933}
Zpol 7t AT FEAH oz Foetx Edti(nactive vs Minimally active p for
interaction=0.134, p=0.134). L&t} inactive & =7}3F 1.18¥1¢] &3} HEPA
ol F7hgE 2.08u1 9] @2 Aol7t AN FAHSRE FostAl Zth (Inactive

vs HEPA p for interaction=0.007, p=0.007).
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E 5. A7 Yoo w2 VOCs(Acetaldehyde, Styrene, Toluene)9t $-& 5 Alolol Aol oA AASF Ao FyHA

Acetaldehyde Styrene Toluene
(per 1 pg/m?® increase) (per 1 pg/m® increase) (per 1 pg/m?® increase)
(QS%RCI) P for interaction (QS%RCI) P for interaction (QS%RCI) P for interaction
Age <65 years
(n=597)
Physical activity
Inactive 1.09 (0.88-1.36) Reference 0.98 (0.89-1.08) Reference 1.02 (1.00-1.04) Reference
Minimally active 1.11 (0.81-1.51) 0.954 1.10 (0.99-1.22) 0.103 1.00 (0.97-1.03) 0.379
HEPA N/E N/E 0.96 (0.69-1.33) 0.891 0.90 (0.57-1.44) 0.618
Age 265 years
(n=1,312)
Physical activity
Inactive 1.18 (1.04-1.34) Reference 1.00 (0.96-1.04) Reference 0.98 (0.95-1.00) Reference
Minimally active 1.39 (1.17-1.64) 0.134 0.93 (0.89-0.97) 0.022 0.96 (0.93-0.99) 0.337
HEPA 2.08 (1.40-3.07) 0.007 0.84 (0.74-0.95) 0.009 0.97 (0.90-1.03) 0.755

Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity, N/E: non-estimable.
Footnote. P for interaction was the significance of difference in the association between volatile organic compounds (VOCs) and

depression. Presence of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e.,
Yes if 8 < SGDS-K <15; No if 0 < SGDS-K < 8).
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E 6. AFU A ATAITHH 54 (2016-2017 W)

Depression
Total Yes No
(N=1,356) (N=203) (N=1,153) p
Gender, N (%) 0.773
Men 386 (28.5) 60 (29.6) 326 (28.3)
Women 970 (71.5) 143 (70.4) 827 (71.7)
Age (years), mean (SD) 68.9 (6.7) 71.8 (6.6) 68.4 (6.6) <.0001

Education level (years), mean (SD) 10.3 (4.3) 9.3 (4.3) 10.4 (4.3) 0.0006

Marital status (living with a spouse
or partner), N (%) 1,055 (77.8) 144 (70.9) 911 (79.0) 0.014

Smoking status, N (%) 0.395
Current smokers 64 (4.7) 12 (5.9) 52 (4.5)
Former smokers 229 (16.9) 39 (19.2) 190 (16.5)
Never smokers 1,063 (78.4) 152 (74.9) 911 (79.0)
Alcohol drinking, N (%) 504 (37.2) 83 (40.9) 421 (36.5) 0.267

History of disease

Anai ial infraction,
N (%9;'"3 or myocardial infraction, 109 (g0) 19 (9.4) 90 (7.8)  0.541

Hypertension, N (%) 527 (38.9) 58 (28.6) 469 (40.7) 0.001
Diabetes, N (%) 228 (16.8) 30 (14.8) 198 (17.2) 0.460
BMI (kg/m?), mean (SD) 246 (3.1) 244 (3.3) 246 (3.0)0 0444
Fasting blood glucose (mg/dL),
mean (SD) 96.3 (21.2) 98.6 (20.8) 95.9 (21.3) 0.096

(Ts°§;' Cholesterol (mg/dL), mean 1955 372y 176.7 (32.6) 186.7 (37.8) 0.0001

Acetaldehyde (pg/m®), mean (SD) 10.7 (2.0) 11.3 (1.7) 10.7 (2.1) <.0001

Styrene (pg/m®), mean (SD) 12.9 (4.9) 11.9 (4.9) 13.1 (4.8) 0.0017
Toluene (ug/m?), mean (SD) 28.6 (5.8) 26.5 (6.7) 29.0 (5.5) <.0001
Physical activity (MET-min/week),

N oy ty ( ) 0.894
Inactive 534 (39.4) 82 (40.4) 452 (39.2)
Minimally active 656 (48.4) 98 (48.3) 558 (48.4)

HEPA 166 (12.2) 23 (11.3) 143 (12.4)

Abbreviations. BMI, body mass index; HEPA, health-enhancing physical activity.

Footnotes. P-value was the significance of difference in characteristics between individuals
with and without depressjon, calculated from Chi-squared test éfOIf categorical variables) and
t-test (for continuous variables). Presence of depression was defined based on the Korean
version of the Short Geriatric. Depression Scale (SGDS-K) (i.e., Yes if 8 < SGDS-K <15; No
if 0 < SGDS-K < 8). Physical activity was divided into three categories. The ‘minimally
active’ was a) 3 or more days of vigorous activity of at least 20 minutes per day; b) 5 or
more days of moderate-intensSity activity or walking of at least 30 minutes per day; or. qt) 5
or more ‘days of any combination of walking, modérate-intensity or \|/_||%orous intensity activities
achieving. @ minimum_of at least 600" MET-min/week. The HEPA category was a
X}I%orous-lnten3|ty activity_on at least 3 days achieving a_ minimum of at léast 1,50
fET-minutes/week or b) 7 or more days of any combination of walking, moderate-intensity or
vigorous = intensity activities achieving® a  minimum of at least 3,000 MET-minutes/week.
Individuals who did not meet the above criteria were treated as the ‘inactive’ category.
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E 7. AFN4A9] VOCs(Acetaldehyde, Styrene, Toluene) % Al A &5 3 &35 9]
A 743 (2016-20173 thAH)

Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)

Volatile organic compounds
(per 1 pg/m® increase)

1.19 1.16 1.20

Acetaldehyde (g/m?) (1.09-130)  (1.07-1.27)  (1.10-1.32)
0.95 0.97 0.97

Styrene (ug/m?) (0.92-0.98)  (0.93-1.00)  (0.94-1.01)
0.92 0.94 0.95

Toluene (ug/m?) (0.90-0.95)  (0.91-0.96)  (0.92-0.97)

Physical activity

Inactive Reference Reference Reference
N . 0.97 0.97 0.94

Minimally active (0.70-1.33)  (0.70-1.34)  (0.67-1.31)
HEPA 0.89 1.01 0.90

(0.54-1.46) (0.60-1.71) (0.53-1.54)
Abbreviations. OR, odds ratio; CIl, confidence interval; HEPA: health-enhancing physical
activity.

Footnotes. Model 1 was unadjusted, Model 2 was adjusted for age, gender, and education
level; Model 3 was adjusted for age, gender, hypertension, BMI, alcohol, smoking, education
level, diabetes, fasting blood glucose, marital status, total cholesterol, and angina or
myocardial infraction; Presence of depression was defined based on the Korean version of
the Short Geriatric Depression Scale (SGDS-K) (i.e.,, Yes if 8 < SGDS-K <15; No if 0 <
SGDS-K < 8). Physical activity was divided into three categories. The ‘minimally active’ was
a) 3 or more days of vigorous activity of at least 20 minutes per day; b) 5 or more days of
moderate-intensity activity or walking of at least 30 minutes per day; or c) 5 or more days
of any combination of walking, moderate-intensity or vigorous intensity activities achieving a
minimum of at least 600 MET-min/week. The HEPA category was a) vigorous-intensity
activity on at least 3 days achieving a minimum of at least 1,500 MET-minutes/week or b) 7
or more days of any combination of walking, moderate-intensity or vigorous intensity activities
achieving a minimum of at least 3,000 MET-minutes/week. Individuals who did not meet the
above criteria were treated as the ‘inactive’ category.
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E 8. AT dAe] VOCs(Acetaldehyde, Styrene, Toluene)2} 925 Alo]le] AdAld dojA AAZF Fro &3 7 (2016-2017d
O] 4+ =})

Acetaldehyde (per 1 pg/m?® increase) Styrene (per 1 pg/m?® increase) Toluene (per 1 pg/m® increase)
OR P for trend OR P for trend OR P for trend
(95% CI) (95% CI) (95% CI)
Physical activity
Inactive 1.17 (1.03-1.33) 0.015 1.01 (0.96-1.07) 0.597 0.99 (0.95—1.04) 0.815
Minimally active 1.29 (1.08-1.53) 0.005 0.95 (0.90-0.99) 0.024 0.93 (0.89—-0.97) 0.0002
HEPA 1.32 (0.98-1.77) 0.068 0.92 (0.80-1.05) 0.198 0.81 (0.71—0.93) 0.003

Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity.
Footnote. Presence of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e., Yes if 8 <

SGDS-K <15; No if 0 = SGDS-K < 8).
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E 9. d7agAte Al w2 VOCs(Acetaldehyde, Styrene, Toluene)®} $-%

(2016-2017 &A1)

AREREESE

olA AABE Are] EHWA

Acetaldehyde Styrene Toluene
(per 1 pg/m® increase) (per 1 pg/m® increase) (per 1 pg/m?® increase)
(QS%RCI) P for interaction (QS%RCI) P for interaction (959A;RCI) P for interaction

Men (n=386)

Physical activity

Inactive 1.17 (0.91-1.52) Reference 1.06 (0.95—1.19) Reference 1.01 (0.90-1.12) Reference

Minimally active 1.33 (0.94-1.87) 0.571 0.89 (0.79—1.00) 0.032 0.86 (0.77-0.95) 0.037

HEPA 1.33 (0.82-2.16) 0.654 0.90 (0.74—1.10) 0.169 0.77 (0.59-1.00) 0.064
Women (n=970)

Physical activity

Inactive 1.18 (1.01-1.38) Reference 1.01 (0.95—-1.07) Reference 0.99 (0.94-1.05) Reference

Minimally active 1.30 (1.05-1.60) 0.482 0.96 (0.90—1.01) 0.230 0.94 (0.90-0.98) 0.133

HEPA 1.28 (0.70-2.33) 0.801 1.03 (0.79—1.35) 0.838 0.81 (0.59-1.10) 0.196

Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity.
Footnote. P for interaction was the significance of difference in the association between volatile organic compounds (VOCs) and depression. Presence
of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e., Yes if 8 < SGDS-K <15; No if 0 <

SGDSK < 8)
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E 10. A7 Ao Yolo wE VOCs(Acetaldehyde, Styrene, Toluene)®t $-& 5 Alole] dA#Ao] dojrx AAEF

(2016-2017 &A1)

CLOIEE LT

Acetaldehyde Styrene
(per 1 pg/m® increase) (per 1 pg/m® increase) (per 1 pg/m?® increase)
(959A;RCI) P for interaction (QS%RCI) P for interaction (95% Cl) P for interaction
Age <65 years
(n=369)
Physical activity
Inactive 1.21 (0.90-1.64) Reference 1.02 (0.88-1.18) Reference 1.10 (0.97-1.25) Reference
Minimally active 1.16 (0.79-1.71) 0.861 1.06 (0.93-1.20) 0.690 1.07 (0.96-1.20) 0.379
HEPA N/E N/E 2.27 (0.33-15.76) 0.421 1.17 (0.49-2.79) 0.895
Age 265 years
(n=987)
Physical activity
Inactive 1.19 (1.03-1.39) Reference 1.01 (0.95-1.07) Reference 0.97 (0.92-1.02) Reference
Minimally active 1.36 (1.11-1.66) 0.315 0.91 (0.86-0.96) 0.013 0.90 (0.86-0.94) 0.024
HEPA 2.70 (1.32-5.51) 0.029 0.84 (0.71-0.98) 0.032 0.73 (0.60-0.89) 0.006

Abbreviations. OR, odds ratio; Cl, confidence interval; HEPA, health-enhancing physical activity, N/E: non-estimable.

Footnote. P for interaction was the significance of difference in the association between volatile organic compounds (VOCs) and depression. Presence
of depression was defined based on the Korean version of the Short Geriatric Depression Scale (SGDS-K) (i.e., Yes if 8 < SGDS-K <15; No if 0 <

SGDSK < 8).
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N
>

H A & ZFol e udA7E @919 acetaldehyde 1 ug/m® S7td S =u| 7 7247
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AEE FEste] AAZE %ol wel  acetaldehyde =FI 25
Me AR FostA FkARE dols: 654 VlEoRE  F3hst]
a2F°l Wt acetaldehyde =% 59 ABdAolA = 654 o]l A
A A &% 9] inactive, minimally active, HEPA oA $-&=0o] & iAol H]sfA
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(OR=1.18, 95% CI=1.04—1.34), 1.39 (OR=1.39, 95% CI=1.17—1.64), 2.08 (OR=2.08,
95% CI=1.40—3.07) ]t} A& inactive oA F7Fs 183 AL E

minimally active 9] ¢/@¥= zkol7F AT FAHOZ FoshA] ZAATHp for
interaction=0.134), 2 A &F inactive < HFI AT HEPA 9 HF2
ato]7b o FAASE FPth(p for interaction=0.007).

ojde] A& AFelM= VOCse 2 54, A74dda ZadA, A% nA=

FdEFE FdsdvrEd T, 2016). AJSd SAYN, seEd 2 =24 AR

AAAES B3 MY Ao eE F <tolA =S AR A acetaldehydel
fEEo|AHGuo et al, 2010). =3 7] F9 acetaldehyde 7ol A
ogtd dyrtes 17 feidEsrE VIvtew ¢ A7 Btk (Lovreglio et al,
A= 7] 59 acetaldehyde =ZF#ts AFE3te] H8tA <l A+ HAQd &

45



I

A ol

5

=

| <

A

]

A
ol

acetaldehyde”}

T

il

e
R4

e

Aol A 2o 7k St

L

Fch e

T}

°©

A
%—A{EU

oo W o) 2 oMo i § Mo o o X o TN om N T om ®
BoH R W N o g om T o w = > o — R X B
< RO — 1 & % £ & 5 b BT o B oW A w
aC =S 8 E 4 Y o ~ N =
03 ﬂ T xE=w = 8 2L oo ol A RO
pwe g g Moo o FINE O B
X o o0 X G I Q2 i O ™= meo L ow ok =
Ty e Rl N e 5T B 7
X T m 0 5 5 = - WA — = W i T
ol o = g = mm_l 3 X == W
STl e ivEoTe frheseziy
go - ) . Mﬂ ol _LMl S L o o X m W K % ﬁ < - il
. o %o o M o 8 o .- T 5 ol S F 9 = =
CERox 2R LR EX s ®E O Tex o T gy
—_ 3’ = Mo T o O W R - 2 =
T o ™2 S P N Arﬂooz%x%
B I SO y S = O 8 = 9 W —
o To K ~ k) o o ol EO N o)
) X B g = S = B
T oW N = ) @ 5§ E 5 5 mo o K oy oz, Ho
o} o o o = o m &9 » S 3 Ly o o fojn o] oF
oow T L FNTE ooy 8 E ) g Mo ST g =
1 Gl T T = m ~ 2 o L g w — o ™3 h S,
o No X g~ =R e T = X
— o B T . R XU o e M~ ~
I I o s BoOEoW K 5
n 2 = ) s = g . o Wox v T ook o
mnm D 7o s W o @o H T om X T = W
K P . g W % - = ° e 7o
) | —_ 5 S —_ 1o —_ o
CEifkbrszf R LI 4 Erslzs
A Z 5 = A R LZu < o R A N Nlo .m o) = © ,_MM
A o mo s T 5, T d Ay PEaw R s
L I - T =T ERCERt o~ 3 R .
I I o o g I N % N o & = ww L F B i
. = . —~ e o o v . i
nVu oy aw T OOH o W B (Y o &VVL % 9 5 o Ma .
o B g S s oy ok 2 = =
X o & g3 S T o = oo N Ho 2B (- m T oowmT EO
iy N U — o . 0 V A~ ~0 r
i WW o B W : =4 .1oxr m = i SIS o AR Wo° o« % o
Gl o Mo = W g 5 x 2 n A of Mo F Yoo o -
X WH 2% g3 X 7 # o oo @ e mﬂ = N N w
X ER Oy 2 2 g BT W A F T A W BT R
TR T o= 8 X OE T OH Mmook S S e T o9 M N R

46



ATHKim et al., 1996; Cho et al, 2003). L&t} VOCs7F ¢l 7kolA d=S Futsls=
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ABSTRACT

Physical Activity-Induced Modification of the Association of
Long-Term Volatile organic compounds(VOCs) Exposure with the

Risk of Depression in Older Adults

Woongbi Park
Department of Public Health
The Graduate School Yonsei University

(Directed by Professor Changsoo Kim)

Purpose: Evidence suggests that long-term Volatile organic compounds(VOCs) exposures
may induce depression. however, the influence of physical activity on this effect is
unclear. We investigated modification of the associations between VOCs exposures and

depression by the intensity of physical activity.

Materials and Methods: This cross-sectional study included a total of 1,909 individual
dwelling in for cities (Seoul, Incheon, Wonju and Pyeongchang) in the Republic of Korea.
Depression was defined as the Korean version of the Geriatric Depression Scale score > 8.
Long-term concentrations of VOCs with Acetaldehyde, Styrene, and Toluene at each
participant’s residential address were estimated. Physical activity intensity was categorized as
inactive, minimally active, and health enhancing physical activity (HEPA) based on metabolic
equivalents (METs). Using a multivariable logistic regression model, we estimated the
associations of Acetaldehyde, Styrene, and Toluene with depression after stratification by the

METs group.

Results: A lpg/m® increase in acetaldehyde was associated with an increased risk of
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depression in the inactive group (odds ratio, 1.20; 95% confidence interval, 1.11—1.30),
the minimally active group (1.19; 1.10—1.29), and the HEPA group (1.22; 1.13—1.33). In
older adults (=65 years), the risk of depression associated with acetaldehyde was
significantly higher in the HEPA group than in the inactive group (p for
interaction=0.007). Difference in the association between the inactive and minimally groups

was not statistically significant (p for interaction=0.134).

Conclusion: We found that physical activity intensity modified the association between

acetaldehyde exposure and depression.

Keywords: volatile organic compounds(VOCs), depression, physical activity, metabolic

equivalents(METs)
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