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The purpose of this study was to identify the household air pollutants most significantly impacting
hearing loss, using data from the 8th Korea National Health and Nutrition Examination Survey. Of the
1,980 participants, those with missing data were excluded from the study population, resulting in the
final inclusion of 298 participants. Mild hearing loss is defined as a unilateral or bilateral pure—tone
threshold average (PTA) of 26~40 dB, and moderate hearing loss is defined as a unilateral or bilateral
PTA of 41 dB or higher. The mean of the PTAs for both ears is defined as the sum of the PTAs of the
left and the right ears divided by 2. Complex samples multiple logistic regression analysis revealed
that formaldehyde exposure independently significantly increased the risk of moderate hearing loss
(odds ratio=1.050, A<0.001). Additionally, in the complex samples general linear model, toluene
exposure (B=0.026, A<0.001) was found to be independently significantly associated with an
increase in the mean of PTAs for both ears, where a higher mean of the PTAs for both ears indicates
a decrease in hearing ability. These results suggest a strong association between hearing loss and
the presence of toluene or formaldehyde in indoor air.

Copyright © 2024 The Korean Society for Clinical Laboratory Science.
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FA oL ItH71. =588 A Kpure-tone audiometry)
=39 A A E AP o= grishal, Iy 30 &
S mjetoh= | 5-851H8]. =388 HAK= 500 Hz, 1,000
Hz, 2,000 Hz, 4,000 Hz, 8,000 Hz & ZHof| 4] L}Q+= 5Lt
O] 4 el o2 o8 a4 A8 A (hearing
threshold level}& S3ITHI). F QA=+ U=
43t0] 48] 7| ol A A7 RS AR 4
Z YolE= = AUtk QRjoth

717 U 57138 (household air quality)< 78 W9] 5717}
ot 7Sk AZRAIE Yl S83%F A #5 Erlth
F8 A 7] LEEEE d#zl I 7] ERkE(volatile
organic compound)@} F|AHA](particulate matter)= 3+
= 57| A A dglo] tigh A= oA SEH10).
PMio= AR5°] 10 pm ©J51 w|A|HA]e] 1L, PM, 5= A15°|
2.5 pm O] ZHAHA|E ERl. o]2fgh mNHA= Q1A
9] mjof] Zls30] IFS 4= UL, GHof7HA] FRRE vlA 2rgF
= 7IZIeH11]. 25 97 A= S8 713 =8
g glolH, Ao F7]|Het Au) F7]of B Eol g0 itk
[12]. o]=2f3t 3¢ R 1eRtE2 587 € o7 &gt 12jn
& AEE =013 UrH131

7] ol A7 17 =gl Al Hg 2 fIFo] 571 5
A= A+ Z37t QlrH14, 15]. FE Aol 2, A7t
A| Z27]9) -2 A Q) F710l A IIAIRE, 4Hisiel &=
ABE7} 2138 et AujollA] Bl Alzto] S7tePEA] A
3P4o] 74730l A= Gl 3t THilo] oA AL lTH16].
A7 W 37] LHEE 0] od o] Wl =& o
F2 HA = A= oFF] fiE]o] QIA] gt = AR o=
gk o] =2 7 Wi 371 LBEAT Y AT RARE
29| Ao}, £ A+ H42 A87| FAF B LA
A S7NE AR o8 7H Wl 57 LA9EE T ol 7t

7 9L v|A|e BB Rk stiek

T

1. GILOHA

A2 =719 7H Wl 3718 52 melsl] flsh
2020 7E5E 20219 897 AI87] =G FI==AW
oI5t 1,980%-& o2 RARE Kot o] F FEA 0
ARG W0l Z2E5X)7} Q= TR R TollA Al9]stSd
HFigure 1). TAE O E, WAl (benzene) BloE|7F 3= 1,231
4, 33884 o E7} §l= 281, 2AE]Z(styrene) o]
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1,980 participants
in KNHANES 2020-
e 1,682 missing data entries were
893 male
excluded.
1,087 female o v
N=1,231
¢ Pure-tone audiometry
N=281
* Styrene
N=107
* Hyperlipidemia
N=50
* Education level
N=6
* Body mass index
N=4
298 sub . * Xylene
ubpopulation Y
140 male D
158 women

Figure 1. Flow diagram of the present study.
KNHANES, Korea National Health and Nutrition Examination Survey.

El7} gl 1079, 2AB5(hyperlipidemia) Hl°1E7}F §i=
507, 8- =(education level) Blo|E|7} Q1= 6, A=F
Z]4(body mass index, BMI) HIo|E7} Q= 4%, AFd=
(xylene) Hl°oIE|7} Ql= 3782 A|2Jsoto] & 1,682180] F-2H
ol A= Art. ofo] et & ko] BT HAF 140
Y8(45.1%)2F o=} 158'8(54.9%) 2= /3% F 29875131t
SH7AE RS M, o= 94 2,689,951%(47.6%)7
42} 2,9606,492%(52.4%) 0 &2 7=, & 5,056,4448<=
S S FTERAR] 2 A R T 404 o)t
oflATt HALEI QA7 wzol] & Ate] FETe] voli= 404
o}l ek

A87| 7RG A= AT A-a24 293
(institutional review board, IRB)°lIA 20198+ ¥ 20214
7 WA A oS Higltt. o]t g 2 k= Algket
T 41e] 9139 A oA Sl B2 S S = ITHIRB
approval number: SHIRB-202407-HR-235-02).
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B2 ok, UGN B 98 ofRE 4
98 7120w ARSI tEolth 424 £eoiXH
500 Hz, 1,000 Hz&] 9]} 2,000 Hz2] S*]2} 4,000 Hz
ofx|o] Wagto = Ak

1=]

A

flo

Lo

500 Hz 9A] + 1,000 Hz SA] + 2,000 Hz FA] + 4,000 Hz 9]

4

2 Aol = 3 G9AE 2] HaHmean of the pure-
tone threshold averages for both ears> 9 72| £
A Gt QER Y] o IA B AN T 22 Ue Ao =

7Tt

3. 3k HHN E5E HH

[SO-1964°] W= 18 9] 3 x| Bafol w2t A
A(25~40 dB), & WH(41~70 dB), 1= FH(71~90
dB), A= 4801 dB o) o= HE FEEHTE Aol Y= &
22=50~60 dB H=0] 1L, ToRroflA] U= 42]=2F80 dB
Aol & AtoflA Fx WY (mild hearing loss) T
A = FE A 2GR Bw0] 26 dB o 41 dB PN 7
Q22 oI5, 5% Wd(moderate hearing loss)= g+
& = FF A9 2R Bl 41 dB o3RI A= A
OJSHATH17].

4. 7F8 W 37|1= ZAL

73 W 3714 AR AIR7| FRIAZQURAR 23
(2020 7¥)FE A87] 37 =(20219 8D)7HA] +HFHA
o} 7P W 3714 2AR=7Fd W PMes, t71 5 PMes, oJAsH
EtAx(carbon dioxide), ZLHolo]=(formaldehyde), & 3
] f71eRkE, WA, EF<M(toluene), olgd¥H(ethyl-
benzene), AFL@(xylene), 2~E](styrene)] =2
tH18]. 78 Wl 57148 A= S5 AU 5718 S-AIR7]
291 FHSF TSI TAI(ES 02130.d)0] et SA = ALt A]
B 25, S5, A 7, 7FAARE ARS-52] BA §lol
A 7178 2] AR oA AAE . PM, s = Fo-E- 1
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AMHA] AE2 KMS-4100 (KEMIK)S ARgsto| FaPH
(gravimetry) & 24AI7F Bt =) olAlsletA 5%
= H[EAE QA H(non-dispersive infrared spectrometry)
< 0|83l IQ-610Xtra (GrayWolf Sensing Solutions)& 1
5% S8 FLHE|E 5= 2,4-DNPH 71 =
]9} A F2utE T2 1(liquid chromatography) ¥
S ARE51o] HPLC/LC2030-Plus (ShimadzwZ 30% 744
07 T3 A& SFEII S EAE A IERE s= 1
A T3} 7|4 A 2ukE T#n) /A (gas chromato-
graphy/mass spectrometry) ®'H-< €-8sto] TD-20/GC/
MS-QP2020 (Shimadzu) & 304 72} A& S

S

i)

7H Ul 571 L B354 EAEE Hgs| sl =571
T Al7Ktime spent at home during the week)& &
A H4R 27110 A AEli(smoking status)= A5 I
& 40| Q=495 BlEA(never), A= TP o @A 1
SA] = 395 A EA(former), WY 9= H9-E FA|
E(current) 0.2 E531ct 25 AMEl|(drinking status)=
2 9t $Hnon-drinking), @ 13] #]9H <1 times/month),
13) oJA{=1 times/month) 0.2 E=3519ch WS 452
%Z oloHelementary school or lower), $Z(middle
school), 7Z(high school), & o*}(college or higher) 2.
2 BEs5199t) 7Fg AE(household income)2 ¥e(low),
Z5Hmiddle-low), $4(middle-high), s=(high)°o& &
Foldtt. 2194 42 =ZE(occupational noise exposure)
2 7|ARZO I 719 Z AnZo] EA0lA 3 o -
2t Zo] Qlow ‘o, T1¥X] gko ‘o Q' = FEFsI3irt. o
714 4g0] Atk A2 A He] o] tigbt Erksd
Aro] 4] Z715 oulgitt Wol Yk & 4 Y= thEd
1 Aol 3lof Fer Aell(diabetes status), ILEY AJH
(hypertension status), IA|8Z, I1ZIAE|E(hyper-
cholesterolemia)S B4 W42 A1t Gt A=
FeH(diabetes), B A TA(pre-diabetes), X of
H(non-diabetic) 2 & B&3519ich G e ZHE o] 126
mg/dL oV 9 = P ot B8 A E= Qledls
AP FS S = QAR i XIHo] 912 35 = Rk
A27}6.5% oVdd A= Aot Tt A gl S5
o] 100 mg/dL oPgollA 125 mg/dL o5t
SFEAMATE5.7% odollA 6.4% oot -2 oottt 4
AL FE dgdo] 100 mg/dL v ¢ F= Gsa ATt
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5.7% oot 7= ofotaltt. AU A= L8 Uhyper-
tension), I8 A TAl(pre-hypertension), 8% °Fd
(non-hypertensive) 0.& &3}t 1EYS $=7] Y

°] 140 mmHg oV 73 E= 07| @4e] 90 mmHg ©|
AU B = TP HES A= Aol 1EY A
=571 o] 120 mmHg ©dollA 140 mmHg w[Tk
A 73§ E=ole] Edel 80 mmHg olgellA 90 mmHg v
T 9= Aottt A2 571 @ol 120 mmHg

gto] 11, o]¢7] Eto] 80 mmHg 1[RHY H9-& A olsitt.
IAEZ2 T *éXlt'Hﬂ 200 mg/dL o3 AHL=E 4o

B2 332 E1Z0] 240 me/dL
25t 392 olsict

TUAZIERAE 294 SIS FEEEA (two-stage
stratified cluster sampling)® = EZ2, FHX| ] &
ZKstandard error)o]] HEo| == E3lHE]| k= 7|1554]
£ J2joto] B4 AT B, 2 B, B SAIE
A gsto] Lyt 7S ES 5= =S o3t g ¥
9] 749 B3 E. WAREA(complex samples chi-square)
= B9RE o5 224 SAEA(complex samples
multiple logistic regression)= A5t 1L, A4 HRO]
3% E9tHE dvbAd R d(complex samples general
linear model)& AI¥sIott. ERIE g ZXAE JHE
oAz 18 Al eEH A} S H A 92 Fd 7t
Ay WY S Hlwsh] el 22H](odds ratio, OR)2F
95% AlZl7Hconfidence interval, CI}2 AR8-519ict &gt
HE AP EAoA =1 Wt S5 W e TAE
F2 0 g Hrgslr] sl 31 HAIS Bt A ARSI
EE WA B T EAIAE SlEA] T
EFHE YRHAFEAS AlSYsto] EAS I, R A=
5348 B4 A9 Heko| IAT £ gloE g HE R4
A A5 Ame 1R $HoE Asloirh. B g7 1SS <
APOE Pvalue= 0.05 H|FHo 2 519, & A9
Kofl= IBM Statistics SPSS 24.0 (IBM Co.)& E-8513ic.

rt: _Il)l'

2 1

1. GILHAIRIO| QUHIRO| EA

—L—- O

i

;g/g‘ 1%, 75]5 \_% 1"‘, :-hj’]j—]— %E L_ié lbg‘oﬂ qk:)ﬂ
Ho](P<0.001), 5 7Pgoll T ARK=0.012), (=
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0.010), SF AFEN(P=0.013), TS $2(,<0.001), Tt A
E(,<0.001), I8 I8 AE(P<0.001)E BAZCZ
B OJ519ItTable 1). 184 BMI, &< A, 7H 45, A
A AL e, IAEF, 181 I AH SIS BAZS

2 FOJ51A] FUTH 2>0.05).

2. 7F8 Wl 37120 22E LE=E 5=

7P Wl 57185 {5l =789 7 W PMes 8, W71 5
PMps &%=, 7Fg Ul olitetta: s, 7Hd Wl FLHBIoI= 5
T, 7P W S A 1skRkE sk, 7 W Al sk, 71
W EFN 5%, 7H W ol 2l 5, 7P W ALl s, 7t
7 W 2Bl sles ol o] SAIR 2= FofsiA] it
(7>0.05; Table 2).

AR Qe QST S5 WY 80| B
Hlslo]= H=(46.5+4.5 ug/m3)9‘r TN 55 (74.2+22.0
ng/mie 4 15| FLESIOIE FE(39.242.9 pg/m’)

EFN 5w(41.445.4 ug/ms)_“i‘:‘r Tk w2 B2 B
A

3. HO| et 7Y Wl S712S SR EE OE

sl

Lpoleb 2 B3 Model 13} Hol, A, BML, 5% 7}
ol i AlZE FA dH, S 3H, 1S 5, T A5, 2
047(4 /\—}r_ %]-J,IBC:} AOH;H —Ioﬂol‘/kcl—pﬂ 51_;(] j_;_q_]__]_
SYAHEESS B3 Model 22 LiH & ﬁi%ix]
28 AR APITHTable 3).

A Y I Ut EYHE thF 2AAE IHEA
Model 19l-= AR SR {3t 7 U 37| LAE20] ¢l
et ¥, A F Tl et S RE o 2XAE 319
£ Model 20141+ offg4ildle] ORe] 0.900 (95% CI, 0.838~
0.967: P=0.004)°1243%, AFd=e] ORe] 1.023 (95% CI,
1.008~1.039; P=0.003)°.& BAZ o0& {053t

Tk I I gt EJHE vhF 2AAE 94%4#4
Model 1°A= ELTlste]=(0R=1.030, 20.002)2} &
A(OR=1.006, 2-0.029) 1211 of=##(OR=0.890, ]%0.026)
2 AR SR G5t T WY Il tigh B3
T}E 22|48 3984 Model 2014 014k1H4(OR=0.998,
=0.008)2}F EL 510 =(0OR=1.050, P<0.001)7} EAZ 2.
ETAO} Sact.

E3] EtlslolE= WY AE 719 o] e
o, ﬁoE W I50) gt EFRE v 2AAE 3HEA

ZX|AEl
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Table 1. General characteristics of participants

Mild hearing loss

J I\/Ioderate hearing

Variable Normal (n=183) (1=69) loss® (n=46) P-value

Age (yr) 52.6+1.15 63.5+1.13 70.4+1.86 <0.0071**

Body mass index (kg/mz) 24.5+0.33 23.8+0.44 24.9+0.56 0.162

Time spent at home during the week (hr/wk) 16.4+0.42 18.3+£0.64 18.05+£0.90 0.012*

Sex 0.010*
Male 77 (42.9) 33 (49.6) 30 (66.5)

Female 106 (57.1) 36 (50.4) 16 (33.5)

Smoking status 0.361
Never 114 (59.7) 43 (61.6) 22 (43.9)

Former 41 (24.1) 14 (20.1) 15 (33.7)
Current 28 (16.2) 2 (18.3) 9 (22.4)

Drinking status 0.013*
Non-drinking 11 (5.8) 9 (10.1) 10 (16.4)
<1 times/mo 73 (36.5) 27 (40.9) 22 (46.0)

1 times/mo 99 (57.7) 33 (49.0) 14 (37.6)

Education level <0.001**
Elementary school or lower 10 (4.5) 20 (26.8) 2 (18.9)

Middle school 13 (6.2) 13 (19.6) 10 (21.3)
High school 58 (33.9) 17 (24.3) 16 (38.0)
College or higher 102 (55.4) 19 (29.3) 8 (21.9

Household income 0.803
Low 35 (21.0) 17 (21.9) 11 (22.1)

Middle-low 48 (26.9) 19 (34.6) 2 (26.4)
Middle-high 43 (24.2) 17 (18.2) 11 (29.2)
High 57 (27.9) 16 (25.3) 12 (22.3)

Occupational noise exposure 0.466
Yes 25 (12.0) 8 (11.9 8 (18.6)

No 158 (88.0) 61 (88.1) 38 (81.4)

Diabetes status <0.001**
Diabetes 18 (10.7) 18 (24.8) 18 (36.1)

Pre-diabetes 103 (54.1) 33 (46.3) 21 (47.6)
Non-diabetic 62 (35.2) 18 (28.9) 7 (16.3)

Hypertension status <0.001**
Hypertension 47 (25.4) 34 (48.0) 27 (65.7)
Pre-hypertension 41 (23.8) 14 (24.0) 1 (17.5)
Non-hypertensive 95 (50.8) 21 (28.0) 8 (16.8)

Hyperlipidemia 0.392
Yes 22 (11.0) 4 (5.7) 3 (7.2)

No 161 (89.0) 65 (94.3) 43 (92.8)

Hypercholesterolemia 0.420
Yes 57 (29.7) 28 (37.4) 16 (31.9)

No 126 (70.3) 41 (62.6) 30 (68.1)

Continuous variables were expressed as weighted means +weighted standard errors, and categorical variables were expressed as unweighted

frequencies and weighted percentages.

The sizes of the subgroups, with the weights reflected, were as follows: 3,662,832 people in the normal group; 1,233,589 people in the

mild hearing loss group; and 760,024 people in the moderate hearing loss group.

Mild hearing loss is defined as a unilateral or bilateral pure—tone threshold average of 26 dB or more, but less than 41 dB. ®Moderate
hearing loss is defined as a unilateral or bilateral pure—tone threshold average of 41 dB or higher.

*P<0.05, **,<0.001.

Model 1914 OR©] 1.015 (=0.200)932, Model 20114 OR

°] 1.021 (/>0.151)= F7Fsl5ith. olojA 5= Hg 159
it B3R s 2AAE BFHEACA= Model 10014
OR©] 1.030 (/=0.002)°113, Model 20141 OR®] 1.050 (P<

www.kjcls.org
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Table 2. Concentrations of substances related to household air quality according to hearing loss

Variable Normal (n=183) :\g!Sah(?inG%% Molgsgﬂ} e(nzi%r)mg P-value
PMzs (ng/m°) 18.842.2 235452 241485 0.495
Atmospheric PMys (ug/m°) 20.9+1.6 20.9%2.4 19.4+2.3 0.808
Carbon dioxide (ppm) 955.2+36.2 1,011.5+66.7 932.2+54.4 0.519
Formaldehyde (ug/m®) 39.2+29 42.1+£3.7 46.5+4.5 0.378
Total volatile compounds (ug/m°) 418.7+51.4 385.9+45.7 858.3+311.5 0.321
Benzene (ug/m°) 5.3%1.1 46+0.8 16.1£11.7 0.539
Toluene (ug/m°) 414454 36.1+7.4 7424220 0.203
Ethylbenzene (ug/m?) 6.8+0.8 6.1+1.4 9.8+38 0.637
Xylene (ug/ma) 11.8%€1.3 17.4+7.6 33.1+£16.9 0.378
Styrene (ug/m°) 3.8+0.4 3.3+0.5 55+1.3 0.248

Values are presented as weighted mean=*weighted standard error.
IMild hearing loss is defined as a unilateral or bilateral pure—tone threshold average of 26 dB or more, but less than 41 dB. ®Moderate
hearing loss is defined as a unilateral or bilateral pure-tone threshold average of 41 dB or higher.

Abbreviation: PMzs, particulate matter 2.5.

Table 3. The odds ratio for the association between hearing loss and household air quality in complex samples multiple logistic regression

Mild hearing loss? (n=69)

Moderate hearing loss? (n=46)

Variable Model 1 Model 2 Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% ClI) P-value OR (95% CI) P-value
PMa.s 1.000 (0.992~1.009) 0.953  1.003 (0.995~1.011) 0.487  1.007 (0.981~1.034) 0.600  1.010 (0.993~1.028) 0.239
Atmospheric PMzs  1.003 (0.964~1.044) 0.880  1.013 (0.997~1.050) 0.487  0.962 (0.918~1.008) 0.107  0.964 (0.919~1.011) 0.126
Carbon dioxide 1.000 (0.999~1.001) 0.869  1.000 (0.998~1.001) 0.453  0.999 (0.998~1.000) 0.053  0.998 (0.997~0.999)  0.008*
Formaldehyde 1.015 (0.992~1.040) 0.200  1.021 (0.992~1.050) 0.151 1.030 (1.011~1.049) 0.002*  1.050 (1.025~1.076) <0.001**
Total volatile 1.000 (0.999~1.001) 0.972  1.000 (0.999~1.001) 0.831 1.000 (0.999~1.001) 0.777  1.000 (0.999~1.001) 0.907
compounds
Benzene 1.002 (0.926~1.084) 0.969  1.003 (0.922~1.092) 0.937  0.987 (0.945~1.031) 0.553  1.012 (0.914~1.120) 0.819
Toluene 1.001 (0.994~1.008) 0.786  1.003 (0.994~1.011) 0.534  1.006 (1.001~1.011) 0.029* 1.006 (0.996~1.016)  0.215
Ethylbenzene 0.926 (0.848~1.011) 0.085  0.900 (0.838~0.967) 0.004*  0.890 (0.803~0.986) 0.026* 0.847 (0.669~1.072)  0.164
Xylene 1.024 (0.988~1.061) 0.190  1.023 (1.008~1.039) 0.003* 1.035 (0.997~1.074) 0.073  1.032 (0.960~1.109) 0.386
Styrene 0.979 (0.886~1.082) 0.672  0.989 (0.867~1.128) 0.865  1.052 (0.945~1.170) 0.351 1.051 (0.894~1.236) 0.543

Mild hearing loss is defined as a unilateral or bilateral pure—tone threshold average of 26 dB or

more, but less than 41 dB. "Moderate

hearing loss is defined as a unilateral or bilateral pure—tone threshold average of 41 dB or higher.
Model 1: adjusting for age, sex. Model 2: adjusting for age, sex, body mass index, time spent at home during the week, smoking status,
drinking status, education level, household income, occupational noise exposure, diabetes, hypertension, hyperlipidemia, and hyperchole-

sterolemia.

*P<0.05. **P<0.001.
Abbreviations: Cl, confidence interval; OR, odds ratio; PMys, particulate matter 2.5.

2| utOff Cist 718 W S71E2
S:

EARE U5 ZALE SRS vV A=, Hol2t 4
F& 23 Model 13+ 4], A, BMI, 55 7Hg0l vz Al
L FAGH, 2F0H, s E TP A5, Add a5 e
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Table 4. Complex samples general linear model regression analyses for the association between the mean of bilateral pure—tone threshold

average and household air quality

Model 1 Model 2
Variable

B (SE) P-value B (SE) P-value
PMa2s 0.003 (0.023) 0.883 0.007 (0.013) 0.621
Atmospheric PMas -0.011 (0.044) 0.802 -0.008 (0.040) 0.839
Carbon dioxide -0.002 (0.001) 0.278 -0.002 (0.001) 0.049*
Formaldehyde 0.040 (0.030) 0.189 0.057 (0.025) 0.028*
Total volatile compounds 0.001 (0.001) 0.875 0.001 (0.001) 0.954
Benzene -0.015 (0.021) 0.465 -0.003 (0.020) 0.865
Toluene 0.027 (0.007) <0.001** 0.026 (0.007) <0.001**
Ethylbenzene -0.080 (0.037) 0.035*% -0.075 (0.037) 0.049*
Xylene 0.022 (0.014) 0.135 0.017 (0.013) 0.171
Styrene 0.172 (0.136) 0.211 0.111 (0.137) 0.419

Model 1: adjusting for age, sex. Model 2: adjusting for age, sex, body mass index, time spent at home during the week, smoking status,
drinking status, education level, household income, occupational noise exposure, diabetes, hypertension, hyperlipidemia, and hyperchole-

sterolemia.
*P<0.05. **P<0.001.
Abbreviations: PMys, particulate matter 2.5; SE, standard error.
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