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For 5-years the Longitudinal Study on the Effect of Noise Exposure and
Aging to the Changes of Hearing Threshold Level
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ABSTRACT

Objectives: This study was carried out to evaluate the effect of noise exposure and aging on changes in hearing threshold level and
the relationship between age and noise.

Materials: The author selected 274 male shipyard and assembly line workers as the noise exposed group and 582 males not
exposed to noise as the general population group. Data were collected from five years of consecutive annual audiometric tests
performed from 2008 to 2012.

Results: In the general population and noise exposed groups, there was a reverse phenomenon that hearing threshold level for
2009 was lower than that of 2008, which seemed to be due to the learning effect, but from 2010 hearing threshold level increased.
In the noise exposed group, the mean hearing threshold level in the left ear was significantly higher than that for right ear. In the
general population group, the older was the age, the higher was the hearing threshold level, especially at 4000 Hz. In the general
population and noise exposed groups, frequency, age group and noise exposure independently affected hearing threshold level,
and there was no relationship between age and noise exposure. Over all frequencies, the change of hearing threshold level was
larger in the noise exposed group than in the general population group. In the noise exposed group below thirty years old, the
change at 4000 Hz was remarkable.

Conclusions: Age and noise exposure seem to affect hearing threshold level independently and contribute to an additive effect on
hearing threshold level.

Key words: aging effect, hearing threshold level, noise exposure
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Table 1. Age distribution of subjects
Number of subject(%)
Age w =
GPG NEG
~24 16(2.7) 21(7.7)
25~29 41(7.0) 60(21.9)
30~34 64(11.0) 33(12.0)
35~39 147(25.3) 51(18.6)
40~44 150(25.8) 60(21.9)
45~49 164(28.2) 49(17.9)
Total 582(100) 274(100)
:*GPG : general population group
NEG : noise exposed group
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Table 2. Mean hearing threshold level by five annual tests of noise exposed group on left and right ears

unit : dB HL, (mean+SD)

Frequency Annual audiometric test(year) R
(Hz) site 2008 2009 2010 2011 2012 4120082012
500 Left 13.4+6.4 13.1+£6.9 14.5+6.1 14.7£7.0 16.2+8.5 2.846.7
Right 13.845.3 12.5+6.4 14.3+6.2 14.4+7.0 15.6+7.3 1.8+6.1
1000 Left 12.3+6.2 11.9+7.2 13.1+£7.4 13.1£7.6 15.348.3 3.0£7.2
Right 11.8+7.2 11.6+7.6 12.5+£7.4 12.6+8.1 13.449.1 1.6£7.5
2000 Left 16.5+12.0 15.9+12.5 18.3£13.1 18.5+13.4 19.6+14.5 3.1+12.8
Right 15.7£10.7 14.5£11.5 16.4+12.1 16.9£12.2 18.4+£13.0 2.7+11.4
3000 Left 36.9+20.4 36.3+20.5 38.4+20.2 38.0+20.3 39.9420.9 3.0+20.1
Right 34.8+18.1 34.8+18.1 36.6+17.8 36.8£17.9 38.2£18.2 3.4+17.9
4000 Left 53.9+£16.8 53.8+17.0 56.6+16.9 56.5+16.8 58.2+16.5 4.3+16.7
Right 52.7£13.8 52.8+14.0 54.3£13.9 54.9+13.7 56.8+13.4 4.1+13.5
Statlstlcally significant difference between annual audiometric test by repeated measured ANOVA(p<0.001)
Statlstlcally significant difference between left and right ear on hearing threshold level by paired t-test(p<0.001)
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Table 3. Mean hearing threshold level by five annual tests of general population group on left and right ears

unit : dB HL, (mean+SD)

Frequency Annual audiometric test(year) .
Site 42008-2012
(Hz) 2008 2009 2010 2011 2012
500 Left 13.4+6.4 13.1+£6.9 14.3+5.1 14.5+7.0 14.6+5.6 1.2+6.2
Right 13.7+6.7 13.5+6.4 14.1£6.1 14.5+5.2 14.8+5.7 1.1£6.3
1000 Left 10.1£8.1 10.0+8.3 10.6+6.3 10.6+8.2 10.7£7.1 0.6+7.4
Right 10.1£6.2 10.1£7.5 10.5£7.4 10.7+7.6 10.845.3 0.7£7.1
2000 Left 9.3+11.0 9.2+11.8 9.9+£13.5 10.249.5 10.4£12.4 1.1£11.5
Right 9.1£10.7 9.1+£8.7 9.7£11.1 10.1£12.7 10.2+6.7 1.1£9.8
3000 Left 10.9£12.2 10.7£11.5 11.9+12.5 12.4£10.5 12.7+13.4 1.8+12.4
Right 10.8+11.7 10.3+10.8 11.8+11.8 12.5+11.4 12.7£11.5 1.9£11.5
4000 Left 14.7£12.8 14.5+13.7 15.2+15.9 16.5+16.1 17.0+14.2 2.3+13.5
Right 14.5+11.8 14.6+12.1 15.4+13.2 16.1+12.7 16.8+£13.6 2.3£12.9
*Statistically significant difference between annual audiometric test by repeated measured ANOVA(p<0.001)
o oA ARFA ]l Hat A E x| o] WMSk= 2008 20
dreof sl 2009 of AR Fuparof A FAGE 2¢ 3 =
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w3 Holof Lolo] 2012d%E HHAXS vwdt o |
A, a8 wETolME oo YA ol T e
FAAA R A Fuppol SAHoR fofoH Figure 1. Hearing threshold level by age group on left(top) and
%_.—L‘_S)V]\——Q‘l/]-(p<0'001) A5 H=EdogA= F, o9 right(bottom) ear in population group of 2012 years

YA BAHOE fO3 olB molx 2ok

CHp=0.081).

3. A= ER Y BF HAK
0124E 28 el B FHINE 242
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of wet B AL wolAt FFS Holw

235 1

Z.2 4000 Hzow 7V ZIth(Figure 1).
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Table 4. Mean hearing threshold level in five annual tests by age group on left ear in noise exposed group
unit : dB HL, (mean+SD)

Frequency Age No Annual audiometric test(year) 12008.2012"

(Hz) group 2008 2009 2010 2011 2012

500 ~24 21 11.4+4.5 11.745.8 12.1+4.4 11.44+4.5 12.9+4.9 1.544.8
25~29 60 12.246.2 11.7+£7.3 12.445.6 12.3+6.3 14.34£8.1 2.1+6.1
30~34 33 12.3+4.0 11.845.3 13.5+4.2 13.3+£3.9 15.245.1 2.9+4.7
35~39 51 13.3+8.4 11.9+£7.9 14.6+8.0 15.9£10.0 16.9+10.0 7.6£9.1
40~44 60 13.9+6.3 14.1£7.2 15.4+5.3 16.8+6.5 17.7£10.6 3.848.9
45~49 49 16.0+£5.7 16.1£5.5 17.546.1 16.3+5.6 18.4+6.6 2.4+5.9

1000 ~24 21 7.4£5.4 7.6£5.6 8.8+£5.0 8.8+£6.5 9.8+4.3 2.445.3
25~29 60 9.0+6.8 10.0+7.1 10.5+6.8 10.0+£7.2 10.2+7.0 1.2£7.0
30~34 33 10.3+5.3 10.2+6.3 11.8+5.7 11.4+3.8 11.4+4.6 1.1£4.9
35~39 51 11.549.8 11.0+9.2 12.849.8 14.7£12.8 14.0£12.0 2.549.9
40~44 60 11.6+6.6 12.3+£7.4 12.945.6 13.1+6.7 15.2+10.4 3.6+8.4
45~49 49 16.0+5.7 16.1£5.5 17.5+6.1 16.3+5.6 18.4+6.6 2.446.2

2000 ~24 21 7.1+6.2 6.4+5.0 9.3+4.6 8.3+5.8 9.846.2 2.7+£5.8
25~29 60 10.8+10.0 10.6+9.2 12.8+10.8 12.8+10.8 13.2+11.4 2.4+10.5
30~34 33 13.3+10.2 12.6+9.9 15.9+11.8 16.2+11.0 16.4+11.7 3.1+10.7
35~39 51 18.1£15.7 19.0+16.7 22.2+16.2 22.24+17.2 23.2+17.3 5.1£16.5
40~44 60 16.549.7 17.3+10.5 19.3+11.4 19.3+11.6 20.4+14.3 3.9+12.3
45~49 49 22.4+10.9 23.4+11.3 25.5+11.9 26.4+12.1 29.0+12.9 6.6£11.7

3000 ~24 21 16.4+13.3 17.4+8.1 20.5+14.2 21.7+14.1 21.4£16.8 5.0+£14.8
25~29 60 30.6+21.7 31.1£22.5 32.7+20.8 32.5+£21.7 32.8421.5 2.2421.5
30~34 33 31.2422.3 32.7£22.0 36.2+21.3 33.9+20.2 36.4+21.6 52+21.4
35~39 51 36.5+18.1 37.1+18.4 38.7+19.6 39.1+18.3 41.8+18.5 5.3+18.4
40~44 60 37.1£18.0 37.5+17.7 39.9+18.2 38.3+18.7 41.9+19.1 4.8+18.2
45~49 49 50.4+14.5 50.9+14.4 52.1+14.9 53.6+14.9 54.4+15.3 4.0+14.7

4000 ~24 21 44.8+16.7 44.3+17.2 50.7+15.4 50.2£15.6 51.9+£17.0 7.1£16.1
25~29 60 50.4+21.6 51.1£21.2 53.3+£20.0 53.7+20.6 54.6£19.9 4.2420.2
30~34 33 51.7+16.2 51.7+16.3 52.3+17.2 52.0+16.5 54.9+15.5 3.2+16.5
35~39 51 54.9+15.2 54.7£14.5 59.2+15.2 58.7+13.4 60.5+14.3 5.6+14.9
40~44 60 54.0£13.9 55.0+15.6 57.9+17.1 57.8£15.8 59.2+15.7 5.2+15.2
45~49 49 58.9+13.7 60.1+13.4 61.5+12.3 61.8+14.8 64.2+13.2 5.3+13.8

*Statistically significant difference between annual audiometric test by repeated measured ANOVA(p<0.001)

o5 40A] WREET} 404 oo ® SLESte] A i%i 404 o) Ftol M B3R FuH4ti(500
HE A9, 404 nivktolAEs 3sheY Fuked) , 1000 Hz, 2000 Hz)o| 4] AA}A e =] #strt
(500 Hz, 1000 Hz, 2000 Hz)o| A ¥ & & dz|7} £ Agi e Sl
LS Wk opyE} o3t FubgollA AxpA HE EZE 404] o]AFEol A= 2008 =] BIE| 20091
oA Wate 2] kgkeh JEM °‘?i Fap4of| A Lo FYAXTL Fadte FHAA] AH o] #
H2 A2 WSk 404 ool o wisto] 4 A ookt

ToF HISAY Eejo] o & Zlew yEE It FopER AR S4 Amol wE FHAX
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Table 5. Mean hearing threshold level in five annual tests by age group on right ear in noise exposed group

unit : dB HL, (mean+SD)

Frequency Age No Annual audiometric test(year) /2008.2012"

(Hz) group 2008 2009 2010 2011 2012

500 ~24 21 11.445.3 11.0+4.9 11.7+4.8 11.9£5.6 12.6+5.2 1.245.1
25~29 60 12.9+4.9 10.7+7.2 12.14£5.7 12.6+6.6 13.4+6.7 0.5+6.4
30~34 33 12.3+4.0 11.845.3 13.5+4.2 13.3£3.9 15.245.1 2.9+4.5
35~39 51 13.3+8.4 11.9+7.9 14.6+8.0 15.9£10.0 16.9£10.0 3.6£9.2
40~44 60 14.1+4.7 13.3+6.0 15.9+6.9 16.3+7.5 17.1+8.9 3.0£7.1
45~49 49 15.945.1 15.9+5.1 17.1+5.7 16.2+4.7 19.0+6.1 3.1+5.7

1000 ~24 21 8.8+5.0 9.1£5.8 9.845.1 11.0£5.0 11.9+4.0 3.1+£5.4
25~29 60 10.3+6.2 9.8+7.6 10.4+7.0 10.3+£7.7 13.0£7.5 2.7+7.4
30~34 33 10.5+£5.2 9.9+5.8 10.8+6.1 11.2+4.9 13.0+£5.3 2.5+5.3
35~39 51 13.5+8.5 11.8+£8.4 14.6+9.6 13.8+£10.8 15.3+9.7 1.84£9.7
40~44 60 13.3+6.3 13.1+6.2 14.3£6.5 14.3+6.6 17.449.8 4.1+£7.6
45~49 49 15.2+4.8 15.6+6.2 16.0+6.0 16.6+4.8 18.3+7.3 3.1£5.8

2000 ~24 21 6.9+3.4 6.4+£3.9 8.8+4.7 7.6+4.9 9.3£5.1 2.444.6
25~29 60 11.3£5.8 9.4+7.0 10.8+7.6 12.1£9.0 13.3+8.8 2.0+8.5
30~34 33 11.848.9 10.3+7.5 12.4+9.9 13.549.1 14.6+9.2 2.8+8.6
35~39 51 17.7£12.9 15.1£12.3 18.3£13.5 19.2+14.1 19.3+13.5 1.6£13.2
40~44 60 17.3+£10.8 17.6+11.4 18.3+11.5 18.7£11.6 20.3+12.9 3.0£11.5
45~49 49 23.4+10.2 22.7+13.5 24.7+13.4 24.6+12.8 28.1+14.8 4.7£12.9

3000 ~24 21 20.2+19.5 20.0+20.1 23.3+19.8 22.1+£21.9 23.8421.8 3.6+£20.3
25~29 60 29.3+18.6 28.7£19.2 29.7+18.8 31.1£19.8 29.8+18.8 0.5+19.0
30~34 33 26.4+19.3 27.9+20.2 29.7£19.5 28.9+18.3 30.8+19.5 4.4£19.6
35~39 51 37.4+19.3 34.5+19.2 37.8+19.5 38.1+19.2 39.7+19.6 2.3+19.4
40~44 60 34.3£17.7 34.8+18.4 36.3+18.8 36.9+18.8 38.0+19.5 3.7£18.5
45~49 49 46.3+£16.4 45.6+15.8 44.7£16.8 17.0£16.9 48.9+16.2 2.6+16.3

4000 ~24 21 43.6+21.5 45.7+£23.0 46.0+23.7 45.7+21.1 48.3+22.5 4.7£22.1
25~29 60 44.8+19.2 45.6+19.1 46.8420.1 47.8+18.7 49.6+17.9 4.8+19.4
30~34 33 45.6+22.1 46.4+23.2 47.1421.8 47.3£20.7 50.54+21.2 4.9+£22.3
35~39 51 53.2+17.2 50.8+17.1 51.6+16.6 52.5£16.2 54.9£16.0 1.7+16.9
40~44 60 52.8+17.0 54.0£17.8 54.3+18.0 55.1£17.7 58.3+17.5 5.5+17.4
45~49 49 55.7£15.3 55.3t15.4 55.7+£16.3 56.8+£16.0 61.2£15.9 5.5+15.8

*Statistically significant difference between annual audiometric test by repeated measured ANOVA(p<0.001)
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Table 6. Mean hearing threshold change for Syears in noise exposed group and general population group on left ear

unit : dB, (mean+SD)

Age group 500 Hz 1000 Hz 2000 Hz 4000 Hz
~24 GPG’ 1.445.6 0.1+5.1 1.044.2 1.744.5
NEG™ 1.4+6.7 2.4+49 2.6+4.6 7.1+4.9
25~29 GPG’ 0.8+7.2 0.5£6.9 0.6+7.5 2.847.1
NEG" 2.0+8.4 1.247.2 23+7.2 42474
30~34 GPG" 0.1£5.9 0.4+4.9 0.5£5.9 2.145.7
NEG™ 2.946.0 1.144.5 3.36.0 3.245.3
35~39 GPG’ 0.2+8.1 0.37.9 0.848.4 3.4+6.5
NEG™ 3.5+7.8 2.6+8.3 5.149.5 5.6+7.5
40~44 GPG’ 0.9+5.9 1.248.4 1.3£7.5 3.5+7.3
NEG™ 2.346.2 3.6+8.9 3.9+8.3 5.245.6
45~49 GPG’ 1.6+7.7 1.7+4.5 27475 5.246.9
NEG™ 2.847.5 33463 6.6+8.3 5.3+8.4
;GPG : general population group
NEG : noise exposed group
Table 7. Mean hearing threshold change for Syears in noise exposed group and general population group on right ear
unit : dB, (mean+SD)
Age group 500 Hz 1000 Hz 2000 Hz 4000 Hz
~24 GPG’ 2.544.7 1.445.1 1.0+4.2 2.3+4.4
NEG™ 1.246.1 3.124.9 24444 48449
25~29 GPG’ 0.4+7.9 0.1£5.9 0.5+6.9 24453
NEG™ 0.5+6.1 2.8+6.6 1.9+73 4.8+8.3
30~34 GPG’ 0.1+6.8 0.5+8.9 0.4+5.1 2.6+4.9
NEG" 24456 2.6+4.7 2.7+4.2 4.8+5.7
35~39 GPG’ 0.1+6.8 0.5+8.9 0.6+7.9 3.3+7.3
NEG™ 0.846.5 1.849.0 1.748.1 4.1+8.2
40~44 GPG" 0.7+7.7 1.127.7 1.245.1 3.746.9
NEG™ 3.0£7.5 4.147.6 3.1£6.4 5.6+6.7
45~49 GPG’ 1.6£7.3 1.946.5 2.146.4 4.3+8.1
NEG™ 1.846.6 3.1+6.4 4.748.9 5.549.2
:*GPG : general population group
NEG : noise exposed group
o e AYA Makgo] 4% NP =EFY A% 3 AYF U 4000 Hzol A 2] A
geia) Wty mot 7 geja) wskgol 7
404 vgke] 48 weZol A 1294000 Hz) A o, MRSy BARAS AR dn e
g Wkl A uehtm, 404 ol4kel a8 o wale] glo] AYETF A 4% wEAlS
L&A 1S FEA WEHe 59 A8 BAMCR fojsigon ARt 28 wE4E
o &3 HleE3o AR wslgFa 27 2polzt 1He] Ao Age HE FuppoA Fo], fo] B
ot 3ol AT AfolE H AL, 4 H] fFolstA| %= A o= UEithTable 8).
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Table 8. Significance levels for repeated measures ANOVA at each frequency for hearing threshold levels as a function of age increasing

and noise exposed level (NEL)

Right Left
Frequency
(Hz) Age increasing NEL' Age Il\?gieasmg Age increasing NEL' Age Il\?lglrj:asmg
500 0.0272 0.0001 0.2745 0.0251 0.0001 0.2357
1000 0.0380 0.0021 03142 0.0398 0.0025 03142
2000 0.0171 0.0001 0.3425 0.0247 0.0001 0.2984
3000 0.0150 0.0001 03214 0.0182 0.0001 03011
4000 0.0153 0.0001 03521 0.0147 0.0001 0.3780
'NEG : noise exposed group
V.12 "é" T+=(Won et al., 1995; Lee et al.,, 2003; Kim et al.,
2010)001 A WS et Ak QT Al
ACA UHO o] At o3t ZZFAAA U el Fubar o] AR E AH AR Hat gt vl
old, FEeAlo] ngeiRE AFEHER 27 FEOIU
Ul Wrhe BEe 2714 vt W sst = dyellA A Fopg Geela] S = Ee] S
SotA Aol dojum BBEA] g dgk A ARAA W] &5 =S SUt A
o8 z7] WA, AR S| oA x37F HA HoAgx| Helef Hop 34 e ofet Ayt
o) jzlol}. 2 2 A Arg e V1SS AR dASkE Ao AF wdie] HE
FArsA, z}% SEAAAL T2, deol A skl &g wlimEtel A sk
| So] AT Zo|u} o}z AlZEo|okZolH 2] o] A] = W A Y FEZ AFo2 Q% FYEd
Faolgre ﬁ% %iEHLee, 2010). 2 & 5 e sl
ol&at ASA o] ML 400 SaFa] EA 53] 40t mghe] Ag eEtollA a13-91(4000
SUSE, £ w2/ A Ggel wep i H2) RAA] WS Ao 408 ol de &
o]& X lthk(Palmer et al., 2002; Prince, 2002). ESt = eEdoAe 1Y FYYA] kg 22 A
ol A, A" T olyshd EXo| oS ujzi Foo] g veEte] FY AR ekt A 2}
Aoz deA ¢l o (Henderson et al., 1993), o] = o7k L slehE oA AAT fel7t R
APzl W HEzAle 2qd wg Algo|) ol oE d7-Z3KKamal et al, 1989; Kim et al,
o=e] ARl AYZTle] B HPiAo] B 2005)—‘4 Ak AeBA Lgel A% mEE A
3 o5y} wo] glom(Henderson et al, 1993; Z700 FEFE Wol Wdd Fupgo A Y HEE
Palmer et al, 2002; Prince, 2002) <-2juejo A= é—__!% GRFsHA dojup= W JET o U R
Hermann(1963)0] =43l 27|44 7] 4x(Early Loss 2 FapoA e AL EXdEnE S &
Index)Z 0] 83t A(Lee, 1989; Kim et al,, 1993)2} I8l 531 SiTh
2 ANAE gatoz oguet Aole] Wit HE YUY dAHA AHRSE 2ARRE ol At
A2 Z AAFE ATH(Won et al, 1995), B HLS A TEES] FubofA] 2008 =0 WA Y3
olgste] £ wEI AHNEL A(Lee ot al,  ZTH 2009HES] FAEHHAAAE F2 AE 2
1999) So] it} o} oolggl A= AF EEIOIY &g HEET
ol¥l oA A& Hm-=Zol TWE F (2008 Lol e Eglow 40t o) AR dolMe 4
W) gl =ubss g Yoo 2o S} ez ofd ool Atk ol oY thE A+
2} oul ol LA Tro] Helgze] i3l ]2 oe o (Cho & Park., 1994; Lee et al,. 1999)o| 4 h<5a 3}
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