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— Abstract —

The lmpact of Noise Expose on the Hearing Threshold Extended High Frequency

Nam Jeong Kim, Joong Keun Kwon®, Ji Ho Lee

Department of Occupational and Envirinmental Medicine, Ulsan University Hospital, Ulsan, Korea,
Department of Otorhinolaryngology, Ulsan University Hospital, Ulsan, Korea?

Objectives: To determine how extended high frequency is affected by noise exposure and other factors
that maybe have adverse effects.

Methods: Pure tone audiometry for usual frequencies (250-8000 Hz) and extended high frequencies
(1000-16000 Hz) was conducted for 331 workers at a manufacturing company from 2004 to 2005.
History of noise exposure, military service, tinnitus, alcohol drinking, smoking, ear diseases, and noisy
hobbies were taken by interview. T-test, ANOVA, and multiple regression was conducted according to
the frequency to evaluate the factors that could affect extended high frequency hearing.

Results: The noise-exposed group had significantly poorer hearing than the noise-unexposed in the fre-
guency range 2000-16000 Hz. The hearing deteriorated with increasing age through all the frequencies.
High frequency hearing of 14000 Hz was significantly worse in the noise-exposed group in their 30s.
Noise exposure during military service had a bad effect on hearing, especially for the noise-unexposed
group. Tinnitus was associated with poorer hearing in both noise-exposed and noise-unexposed groups.
Workers with noisy hobbies exhibited better hearing in the noise-unexposed group, contrary to our
expectation. Extended high-frequency hearing was affected by aging, ear protection, and noisy hobbies.
In extended high frequency, 14000 Hz was especially related with noise exposure history.

Conclusions: Extended high frequency, especially 14000 Hz, could be used as an indicator of noise-
induced hearing loss and should be considered as a screening test for workers in noisy environments.

Key Words: Noise, Hearing loss, Conventional frequency, Extended high frequency.
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Table 1. General characteristics of the subjects

n* Exposed n Unexposed
Age(years) 303 448( 8.3) 357 37.0(12.7)
Systolic BP' (mmHg) 277 126.1 (11.8) 341 124.4 (11.8)
Diastolic BP (mmHg) 277 76.3( 8.5) 341 775( 8.6)
FBS' (mg/dl) 273 100.6 (12.6) 319 96.2 (25.9)
Cholesterol (mg/dl) 273 193.6 (12.6) 319 192.1 (27.1)
Noiselevel (dBA) 303 92.0( 4.8 357 -
Noise exposed length (years) 303 17.5( 7.6) 357 -
Noise work per day (hour) 297 79( 11 357 -
Military service 357 201 (66.3%") 303 215 (60.2%)
Tinnitus 357 119 (39.3%) 303 89 (24.9%)
Noisy hobby 357 87 (28.7%) 303 138 (38.7%)
Hearing protect 357 237 (78.2%) 303 101 (28.3%)
Alcohol drinking 293 127 (41.9%) 148 65 (43.9%)
Smoking 293 127 (43.3%) 146 69 (47.3%)

*: number of subjects, ': blood pressure, *: Fasting blood sugar
1. proportion of “yes’ in questionnaire of each group

Table 2. Comparison of the hearing thresholds in dBHL between noise-exposed and noise-unexposed subjects for the conventional
frequency and extended high frequency

Frequency (Hz) Exposed (n=357) Unexposed (n=303) p-value*
250 10.6 ( 3.9) 10.2( 4.4) 0.175
500 9.1( 4.2 83( 4.4) 0.017

1000 10.2( 4.7) 9.9( 52 0.513
2000 17.9( 9.1) 145( 7.6) <0.001
3000 35.8(16.8) 23.7 (15.5) <0.001
4000 47.3(16.7) 31.1(19.9) <0.001
6000 47.9 (19.6) 32.7(21.1) <0.001
8000 45.5(20.3) 31.8(21.2) <0.001
10000 43.7 (24.0) 30.2 (25.2) <0.001
12000 54.3 (27.4) 39.1(29.0) <0.001
14000 66.3 (28.5) 46.4 (34.6) <0.001
16000 60.9 (23.0) 50.1 (31.0) <0.001

*: p-value was calculated by t-test

of el &g & FFo wE JHIAES vud 4z E AIE Table 33 2h &% =EFTH HnET BF
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Table 3. Comparisons of mean hearing thresholds between noise-exposed and noise-unexposed subjects according to age groups and
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Age Group
Frequency (H2) Noise 20-29 30-39 40-49 50-59 p-value'
250 Exposed 82( 3.7 9.9( 4.0 11.0( 3.8) 10.9( 4.0) 0.026
Unexposed 86( 4.3 10.8( 4.6) 10.4( 4.49) 11.5( 4.4) <0.001
500 Exposed 75( 3.8 78( 3.7) 95( 4.2 95( 4.3 0.022
Unexposed 7.2( 4.6) 84( 4.3 87( 45) 9.2( 39 0.016
1000 Exposed 6.7( 2.4) 9.0( 3.8 10.6 ( 4.6) 10.8( 5.5) 0.004
Unexposed 83( 5.2 10.5( 5.7) 10.7 ( 4.6) 10.7 ( 4.8) 0.002
2000 Exposed 10.3( 3.0) 14.2( 8.3) 18.1( 7.6) 21.3 (10.7)* <0.001
Unexposed 11.2( 6.2) 13.7( 8.6) 17.3( 8.3) 17.4( 8.0)* <0.001
3000 Exposed 135( 6.3) 26.1(16.5) 37.4 (14.2)** 43.2 (16.1)** <0.001
Unexposed 14.4( 5.5) 21.6 (14.9) 29.8 (15.6)** 34.7 (15.5)** <0.001
4000 Exposed 26.4 (18.9) 39.0 (17.9)** 48.6 (13.0)** 53.9 (16.3)** <0.001
Unexposed 18.2 (16.8) 30.2 (19.2)** 38.6 (17.0)** 44.0 (16.5)** <0.001
6000 Exposed 30.0(18.7) 34.0 (24.5)* 48.3 (11.7)** 53.2 (18.5)** <0.001
Unexposed 20.4 (18.1) 33.1(21.1)* 39.2 (16.8)** 44.2 (18.8)** <0.001
8000 Exposed 24.2 (15.5) 39.6 (22.9)* 46.4 (17.5)** 51.4 (20.2) <0.001
Unexposed 18.1(17.4) 31.4 (20.6)* 38.0 (18.5)** 47.4 (16.8) <0.001
10000 Exposed 12.1(14.1) 36.3 (24.5)* 45.7 (22.6) 50.1 (22.2) <0.001
Unexposed 13.0(18.5) 27.0 (22.7)* 40.0 (24.5) 51.1(18.1) <0.001
12000 Exposed 15.0 (15.5) 46.8 (22.9)** 53.9(21.3) 66.2 (32.3) <0.001
Unexposed 16.4 (16.5) 34.8 (24.5)** 51.7 (26.4) 67.4 (17.8) <0.001
14000 Exposed 20.3(19.3) 49.7 (25.2)* 66.3 (25.0) 84.6 (21.4) <0.001
Unexposed 16.2 (21.2) 40.1 (26.3)* 65.1(28.5) 82.4 (21.5) <0.001
16000 Exposed 27.5(17.6) 45.6 (12.8) 64.2 (21.6) 70.8 (21.7) <0.001
Unexposed 22.2(23.9) 48.0 (22.7) 66.5 (23.3) 78.1(21.8) <0.001

*: p<0.05, **: p<0.01 statistically significant difference between exposed and unexposed

" p-value was calculated by ANOVA among age group
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Table 4. Comparisons of mean of hearing thresholds according to occupational noise exposure and military service

occupational noise exposure

yes no
Frequency p-value'
military service military service
yes (n=201) no (n=102) yes (n=215) no (n=142)

250 10.5( 3.8) 108 ( 4.1 10.3( 4.5) 10.0( 4.3) 0.447
500 9.0( 4.2) 9.3( 4.4) 8.4( 45) 8.1( 4.3) 0.110
1000 10.3( 5.0) 101 ( 4.2) 10.0( 5.4) 9.8 ( 5.0 0.838
2000 17.6 ( 9.8) 18.4( 7.5) 15.1( 8.2) 135( 6.7) <0.001
3000 36.4(17.9) 34.6 (14.2) 25.3(16.4) 21.3(13.8)* <0.001
4000 485 (18.1) 44.9 (13.3) 33.6 (20.5) 27.3 (18.3)* <0.001
6000 50.0 (20.9) 43.8 (16.2)* 36.1(21.9) 27.6 (18.8)* <0.001
8000 47.2 (21.7) 422 (16.7)* 34.5(22.1) 27.7 (19.1)* <0.001
10000 45.5 (25.0) 40.1(21.4) 33.7 (26.6) 25.0 (22.2)* <0.001
12000 54.8 (24.0) 53.5(33.2) 42.4(30.0) 34.2 (26.8) <0.001
14000 66.8 (29.3) 65.3 (26.9) 50.6 (36.0) 40.1 (3L.5)* <0.001
16000 60.5 (23.7) 61.6 (21.6) 53.4 (30.5) 450 (31.3)* <0.001

*: p<0.05: statistically significant difference between military service“yes’ and “no” in each group

': p-value was calculated by ANOVA

11(1)8_ N: Noise exposure, MS: military service
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Fig. 1. Mean of hearing thresholds according to noise exposure
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Table 5. Comparisons of mean of hearing thresholds according to occupational noise exposure and tinnitus

occupational noise exposure

yes no
Frequency — — p-value'
Tinnitus Tinnitus
yes (n=119) no (n=184) yes (n=89) no (n=268)

250 11.3( 4.2) 10.2( 3.8) 10.3( 4.3) 10.1( 4.5) 0.070
500 9.6( 4.5 8.7( 39 85( 4.0 8.2( 4.6) 0.026
1000 10.9( 4.8) 9.7( 4.7) 10.5( 4.9) 9.7( 5.3 0.103
2000 19.6 (10.7) 16.8( 7.8)* 16.2( 7.2) 13.9( 7.7)* <0.001
3000 38.2(15.9) 34.3(17.2)* 30.5(17.4) 21.5(14.2)* <0.001
4000 51.8(14.0) 444 (17.7)* 43.0 (20.6) 27.1(18.1)* <0.001
6000 54.8 (18.9) 43.5(18.8)* 45.7 (22.0) 28.4 (19.0)* <0.001
8000 51.5 (20.5) 41.7 (19.1)* 45.1 (20.8) 27.4 (19.4)* <0.001
10000 48.9 (24.9) 40.3 (22.7)* 44.0 (26.5) 25.6 (23.1)* <0.001
12000 58.5 (22.4) 51.7 (29.9) 52.0(30.2) 34.9 (27.3)* <0.001
14000 69.6 (28.4) 64.2 (28.4) 58.3 (34.4) 425 (33.9)* <0.001
16000 63.8 (22.3) 59.0 (23.3) 58.1 (29.3) 47.4 (31.2)* <0.001

*: p<0.05: statistically significant difference between tinnitus “yes’ and “no” in each group

': p-value was calculated by ANOVA

—o— N+ T+
1 — N+T-
toof 3Tt

025 051 2 3

N: Noise, T: Tinnitus

4 6 8 10 12 14 16 kHz
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Fig. 2. Mean of hearing thresholds according to noise exposure
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Table 6. Comparisons of mean of hearing thresholds according to occupational noise exposure and noisy hobbies

occupational noise exposure

yes no
Frequency p-value'
noisy hobby noisy hobby
yes (n=87) no (n=216) yes (n=138) no (n=219)
250 10.6 ( 4.0) 10.6 ( 3.9) 10.7 ( 4.7) 9.8( 4.2 0.129
500 9.4( 44) 89( 41 87 (44 8.0( 4.4) 0.030
1000 10.0( 4.8) 10.3( 4.7) 101 ( 4.7) 9.8( 5.6) 0.786
2000 17.4( 8.6) 18.1( 9.3) 13.3( 7.0) 152 ( 7.9)* <0.001
3000 36.8 (19.3) 35.4 (15.7) 20.8 (14.4) 25.6 (16.0)* <0.001
4000 46.3 (19.1) 47.7 (15.7) 27.0(18.4) 33.7 (20.4)* <0.001
6000 44.8 (21.7) 49.1 (18.6) 27.9(18.3) 35.7 (22.2)* <0.001
8000 43.3(23.1) 46.4 (19.0) 28.3(19.0) 34.0 (22.2)* <0.001
10000 42.3(25.3) 44.2 (23.4) 239(22.3) 34.2 (26.2)* <0.001
12000 55.6 (37.5) 53.8(22.1) 33.2(27.4) 42.9 (29.4)* <0.001
14000 68.8 (32.4) 65.3 (26.7) 41.6 (34.3) 495 (34.6)* <0.001
16000 61.6 (26.2) 60.6 (21.6) 44.9 (29.5) 53.4 (31.5)* <0.001
*: p<0.05: statistically significant difference between noisy hobby “yes’ and “no” in each group

': p-value was calculated by ANOVA

*— N+ NH+
90 - N+ NH-

—v— N-NH+
1004 o N-NH-

N: Noise, NH: Noisy Hobby

025051 2 3 4 6 8 10 12 14 16 khz

frequency

Fig. 3. Mean of hearing thresholds according to noise exposure
and noise hobby
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Table 7. Results of multiple regression analysis as afunction of hearing thresholds of extended high frequency

Dependent variable Independent variable Regression coefficient Standard error p-value R?
10000 Hz Age 0.952 0.126 <0.001 0.216
Tinnitus 9.931 2.259 <0.001
Military service 6.288 2.264 0.006
Use of earphone 6.946 2.410 0.004
Noise hobby -5.987 2.453 0.015
12000 Hz Age 1.191 0.138 <0.001 0.218
Use of earphone 8.612 2.709 0.002
Tinnitus 6.104 2.536 0.017
14000 Hz Age 1.883 0.137 <0.001 0.376
Noise exposed 6.809 2.665 0.011
Tinnitus 6.487 2.513 0.010
Alcohol drinking 5.233 2.452 0.033
16000 Hz Age 1.438 0.114 <0.001 0.319
Tinnitus 4.130 2.040 0.044
Noise hobby -5.332 2.236 0.018
Smoking -4.373 2.039 0.033

age: years, tinnitus (yes=1, no=0), military service (yes=1, no=0), use of earphone (yes=1, no=0), noise exposed (over 85.0 dBA=1,
under 84.9 dBA=0), alcohol drinking (yes=1, no=0), smoking (yes=1, no=0)
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