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The Effects of Aircraft Noise Exposure upon Hearing L oss, Anxiety, and Depression
on Subjects Residing Adjacent to a Military Airbase

Yu-Rim Jeong, Jae-Beom Park?, Kyoung-Bok Min?, Chan Lee?, Hyun-Gwon Kil?,
Won-Wook Lee, Kyung-Jong Lee?

Department of Occupational & Environmental Medicine, Ajou University Hospital,
Department of Occupational & Environmental Medicine, Ajou University School of Medicine®,
Department of Mechanical Engineering, University of Suwon?

Objectives. To determine the level of aircraft noise exposure and how it relates to hearing loss, and to
investigate the association between noise exposure and anxiety and depression in subjects residing adja
cent to amilitary airbase.

Methods: The study was conducted upon 898 inhabitants between the ages of 30-79, living near the
military airbase in Jeonra-do. The subjects were divided into three noise-exposure groups: high-exposure,
low-exposure, and a control group. The cut-values were 80 and 60 on the Weighted Equivalent
Continuous Perceived Noise Level scale. A self-administered questionnaire including the Beck Anxiety
Inventory (BAI) and the Beck Depression Inventory (BDI) were completed. Pure tone audiometry tests
were performed.

Results: Hearing loss prevalence was defined by a >40 dB loss in bilateral ears or in one ear; the dif-
ference of <15 dB compared to the better side was 30.8%. The mean BAI/BDI score was 18.9+
14.3/18.7+11.6, the number of abnormal subjects with BAls >22 was 317 (35.3%), with BDIs >21
was 347 (38.6%). The pure tone average, BAI, and BDI scores were higher in the noise-exposure groups
compared to the control. The BAI/BDI abnormal subjects showed a higher hearing threshold shift level
compared to the normal scored subjects. The odd ratios for anxiety was significantly high in both noise
exposure groups and the hearing loss, for depression was significantly high in high-exposure group and
hearing loss.

Conclusions: Anxiety and depression were higher when exposure to high-level noise and further com-
plicated by hearing loss. Further investigation is needed to determine the cause-effect relationship.

Key words: Aircraft, Noise, Hearing loss, Anxiety, Depression
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Total residents (n=7432)
(2008.12.31 basis)
High-exposure (n=2565) / Low-exposure (n=2546) / Control (n=2321)

\

Actual residents (n=5478)
High-exposure (n=1596) / Low-exposure (n=1561) / Control (n=2321)

> Excluded:

\

age <20 or =80

Available residents (n=4788)
High-exposure (n=1399) / Low-exposure (n=1371) / Control (n=2018)

\

Final residents (n=2116)
High-exposure (n=1075) / Low-exposure (n=750) / Control (n=291)

\

Participants (n=1082)
High-exposure (n=389) / Low-exposure (n=548) / Control (n=145)

\

Exclusion criteria:
age (30 or =80 (n=55)
self-reported psychiatric disease (n=16)
self-reported ear disease (n=54)
BAI or BDI score not available (n=59)

Final analysis (n=898)
High-exposure (n=329) / Low-exposure (n=446) / Control (n=123)

Fig. 1. Flow chart of the study sample.
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Table 1. General characteristics and Beck Anxiety Inventory(BAl)/Beck Depression Inventory(BDI) scores, and hearing status of

study subjects(n=898)

Characteristics Number (%)
Sex Male 376 (41.9)
Famale 522 (58.1)
Mean age (years) 60.7+12.1
Age (years) 30-39 70( 7.8)
40-49 101 (11.2)
50-59 169 (18.8)
60-69 315(35.1)
70-79 243 (27.1)
Education Never 116 (12.9)
Elementary school 365 (40.6)
Middle school 169 (18.8)
High school 178 (19.8)
College or more 70( 7.8)
Marital status Single 50( 5.6)
Married 635 (70.7)
Separated 22( 2.4)
Widowed 171 (19.0)
Divorced 20( 2.2
Annual income (won) <20,000,000 709 (79.0)
20,000,000-40,000,000 162 (18.0)
40,000,000-60,000,000 14( 1.6)
>60,000,000 13( 1.4)
Drinking Never 369 (41.1)
Quit 107 (11.9)
Current 422 (47.0)
Smoking Never 598 (66.6)
Past smoker 109 (12.1)
Current 191 (21.3)
Chronic medical diseases* No 596 (66.4)
Yes 302 (33.6)
Noise exposure group Control 123 (13.7)
Low-exposure 446 (49.7)
High-exposure 329 (36.6)

*chronic medical diseases include diabetes mellitus, hypertension, ischemic heart disease, heart failure, cerebrovascular disease, dys-
lipidemia, chronic hepatitis, and chronic kidney disease diagnosed by physician.

oA tza 24.96+17.30 dB, Ax=E 30.61+23.37 68.5% % #dT(52.5%)°l wlal «1/del FAuIZE ¥ =

dB, ax=ZEv 30.564+24.15 dB® &, 3 EF dx FH(p<0.001). el W= Ha 2o]E HIA
T ArEw, R eI Aol7t st =B OI*‘?LOW—E F3to] 15.1%, 253w FHU =
FE AdA 40 dBE sl JAWET} SiAY &5 ol 46.7% 9 W FATAME Feol 11.7%, =
AlA 40 dBE Z3shiA F2 £3k 15 dB o9 A s TEU E9do] 37.3%% oldwolA AstHATL
o7t W e AHEAA Hle EHZ?LOW 15% o Bes & T Al oY nedu FHY =4
(11.2%), AxZ=w 119%(26.7%), == 809 = 17.4%, W3t $H o a3tEa= 3.8%, 874w
(24.3%)°1AH(p=0.006) (Table 2). 15w FEY 9L 21.2%, e FH ol 1Y
A= 10.0%AtH(p=0.002). BdTelA vFA=7}

3. BAI2t BDI of&t 050l mE A7 RS2 62.8%,

=Mo| ulm
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44

2270 o<1 ool 31798, 1 vl
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gkl A7 o] 17.0%, Ax
= Aol

& Y
Ad-zadaz AFrEd BAIZF Aol

ARl ol A= tE&To] 7.6%.
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Table 2. General characteristics and Beck Anxiety Inventory(BAI)/Beck Depression Inventory(BDI) scores, and hearing of study
subjects according to noise exposure group

Characteristics All groups Control L ow-exposure High-exposure
n=898(%) n=123(%) n=446(%) n=329(%)

BAI Mean 18.8+14.3 12.7+9.7 184+139 215+154!
Abnormality? 317(35.3) 24 (19.5) 151 (33.9) 142 (43.2)"

BDI Mean 18.6+11.6 14.9+10.7 18.2+11.3 204+11.9!
Abnormality? 347 (38.6) 32(26.0) 172 (38.6) 143 (43.5)*

Hearing threshold shift

(pure tone average, dB) Left 30.11+23.05 25.27+17.26 31.29+23.75 30.32+23.78*
Right 29.81+23.00 24.96+17.30 30.61+23.37 30.54+24.15*

Hearing loss subjects 214 (23.8) 15(11.2) 119 (26.7) 80 (24.3)*

Y x*-test for sex, age, education, marital status, annual income, drinking, smoking, chronic medical disease, BAI/BDI abnormality,
hearing loss subjects. One-way ANOV A for compare mean age, BAI/BDI score, hearing threshold shift.

2 subjects show BAI score > 22.

% subjects show BDI score > 21.

% hearing loss: threshold shift >40 dB in both ear, or threshold of one ear >40 dB and difference <15 dB compared with better side."
*p<0.05, "p<0.001.

S0 44.8%% BAI oldwolA txae Hl&o] Ya ToAE txwe]l 9.2%, AxET 49.6%, LT
AeEwe] HEo] 52 & F AT (p0.001). 41.2%% BDI o]l thze] Hl&o] Wil aeZE
50 AYgAle BdwelA 27.31+21.19 dB, <% o] HlEo] o Ee2 & & UATHp=0.002). FH=<]
oA 35.25+25.36 dBelATH(p<0.001). +-Z2] ¥ YA = BTl 27.66+21.67 dB, o]&welA]

A= FAATAA 27.37+21.67 dB, °]&TelA 34.01+24.62 dBelAtH(p(0.001). 3¢ FHAA =
34.28+24.67 dBeIAtH(p=0.003). HHEL= HFold el 27.90£22.73 dB, oldwelA 32.85+
AFdAE FATellA 1159 (19.8%), ol drelA 23.12 dBelltH(p=0.015). FHELR Fojd A5h2
999 (31.2%) o= o] dwtollA] HHE4ol ¥ =3t A AdwelA 20.0%. oldwelA 30.0%S% ol
(p<0.001). oA &4 HlEo] #3kth(p(0.001) (Table 3).

o] 5517 ]t BDI7} 21@ o] A9l Fo| A= oq o] 4 2o} ol 220 L5t CIE 2X|AE 5|72
66.9% % I2A Fe A2(52.6%)°] Hl&) Aol 7A
H7F B =3kt (p<0.001). BDIe]dod o we Had Haa om

% £ Zyele] BAG 23 BAIIA 224
Gol Aol BAAOE frolelx ghgrort olgEeln  olde] Eetol 9 AWe ofAel PHunk 1.73u)
30-394], 40-49419] H]&o] Y 504] o]4ke] Hl&o] ¥ (95% CI 1.12~2.68) & Roz BALAct, wa &
o AT DAY+ AATHP=0.028). ol FEAN ¥ wE thd o] gl Aol vla) thstEH o)de) ne
gto] 13.5%, 2%u THY Yol 49.0%% B/ HG2b= 0.3591(95% CT 0.14~0.88) = fdo| FHas| o]

o Hlg) AgHat o Eee & 5 3 oY 1T AT, Ttz vl Aweswe 1.8281(95% CI
Sa FEHY 92 16.1%, te T o ndEA= 1.10~3.02), ix=Zw2 2.894(95% CI 1.72~4.85)
3.2%= A o2 HAtH(p<0.001). o =<k Adel Adla, FHEL] e Aew Aodd
BDI o]dtellA 71 &xt= 66.9%, APdol 22.2%, ©l T 2EA e FEY 1.799(95% CI
To| 3.1%= 7%tol vla] 71&Ake] H]&o] g Apd 1.28~2.52)2 A&l AT, =g FHEL F57E 3
g oolZo] BSkth(p=0.027). At &5FFS HudS Aol 2N E dol] 2Fe % °ﬂ wHE AR 7E A
o, ool A 20009+ Rk &5 7o Hlgo] =4t & 2.0300A4 1.82%, ZoA 3,184
3 60009k o)’ &5 7Hg ] HlEe] weitk(p=0.012). 2.89% #astsitH(Table 4).
oA T0.0%Z HlEAA H & di& =T BDI®| 7% 214 oldel 2ol & $1d2 BAIS
(p=0.001). o] Agraztel folg Aozt gl s vd A gl
aerETUE AuEd BDIZF F39 e Tl T Aol wlste] thetgE o] gl A E &
16.5%, Az 49.7%, 1=Z7 33.8%A3L, ©]/d4<l o] el 0.249(95% CI 0.09~0.63) = P& A &
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Table 3. Comparisons of the characteristics of study subjects according to the clinical interpretation of Beck Anxiety Inventory(BAI)
and Beck Depression Inventory(BDI)Y

BAI BDI
Characteristics Normal Abnormal Normal Abnorma
n=581(%) n=317(%) n=551(%) n=347(%)
Sex Male 276 (47.5) 100 (31.5)" 261 (47.4) 115(33.1)1
Femae 305 (52.5) 250 (68.5) 290 (52.6) 232 (66.9)
Mean age (years) 60.2+12.4 61.7+115 60.4+12.8 61.2+11.0
Age (years) 30-39 51( 8.8) 19( 6.0) 50( 9.1) 20( 5.8)*
40-49 67 (11.5) 34 (10.7) 67 (12.2) 34(9.3)
50-59 107 (18.4) 62 (19.6) 90 (16.3) 79 (22.8)
60-69 205 (35.3) 110 (34.7) 189 (34.3) 126 (36.3)
70-79 151 (26.0) 92 (29.0) 155 (28.1) 88 (25.4)
Education Never 68 (11.7) 48 (15.1)* 69 (12.5) 47 (13.5)1
Elementary school 217 (37.3) 148 (46.7) 195 (35.4) 170 (49.0)
Middle school 115 (19.8) 54 (17.0) 106 (19.2) 63 (18.2)
High school 123 (21.2) 55 (17.4) 122 (22.1) 56 (16.1)
College or more 58 (10.0) 12( 3.8) 59 (10.7) 11( 3.2)
Marital status Single 36( 6.2) 14 ( 4.4) 34( 6.2 16 ( 4.6)*
Married 417 (71.8) 218 (68.8) 403 (73.1) 232 (66.9)
Separated 16 ( 2.8) 6( 1.9) 13( 24) 9( 2.6)
Widowed 104 (17.9) 68 (21.1) 94 (17.2) 77 (22.2)
Divorced 8( 14) 12( 3.8) 7(13) 13( 3.7)
Annual income(won) <20,000,000 446 (76.8) 263 (83.0) 418 (75.9) 291 (83.9)*
20,000,000-40,000,000 116 (20.0) 46 (14.5) 116 (21.1) 46 (13.3)
40,000,000-60,000,000 9( 15) 5( 1.6) 7( 13) 7( 2.0)
>60,000,000 10( 1.7) 3(09) 10( 1.8) 3(09)
Drinking Never 232 (39.9) 137 (43.2) 223 (40.5) 146 (42.1)
Quit 64 (11.0) 43 (13.6) 63 (11.4) 44 (12.7)
Current 285 (49.1) 137 (43.2) 265 (48.1) 157 (45.2)
Smoking Never 365 (62.8) 233(73.5)" 348 (63.2) 250 (72.0)*
Past smoker 89 (15.3) 20( 6.3) 84 (15.2) 25( 7.2
Current 127 (21.9) 64 (20.2) 119 (21.6) 72 (20.7)
Chronic disease? No 387 (66.6) 209 (65.9) 371(67.3) 225 (64.8)
Yes 194 (33.4) 108 (34.1) 180 (32.7) 122 (35.2)
Noise exposure group Control 99 (17.0) 24( 7.6)' 91 (16.5) 32( 9.2*
L ow-exposure 295 (50.8) 151 (47.6) 274 (49.7) 172 (49.6)
High-exposure 187 (32.2) 142 (44.8) 186 (33.8) 143 (41.2)
Hearing threshold shift
Left 27.31+21.19 35.25+25.36" 27.66+21.67 34.01+24.621
(pure tone average, dB)
Right 27.37+21.67 34.28+24.67" 27.90+22.73 32.85+23.12*
Hearing loss subjects? 115 (19.8) 99 (31.2)1 110 (20.0) 104 (30.0)"

Y x2-test for sex, age, education, marital status, annual income, drinking, smoking, chronic medical disease, Noise exposure group,
hearing |oss subjects. t-test for compare mean age, hearing threshold shift.

2 chronic medical diseases include diabetes mellitus, hypertension, ischemic heart disease, heart failure, cerebrovascular disease, dys-
lipidemia, chronic hepatitis, and chronic kidney disease diagnosed by physician.

3 hearing loss: threshold shift >40 dB in both ear, or threshold of one ear >40 dB and difference <15 dB compared with better side.
*p<0.05, 'p<0.001

2% 5 9tk E@, J1EAG el oEFHe] U ol Yot FALAe] Ho| TE FS FAHoR
A% 9EEs 3.7 ZAFLAL95% Cl  ugle AolE Holx] 9kn WeETe thad o
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Table 4. Multiple logistic regression by interpretation of Beck Anxiety Inventory(BAI)
Model 1 Model 2
OR 95% ClI OR 95% ClI
Sex Male 1.0 1.0
Female 1.63 1.06-2.51 173 1.12-2.68
Age 30-39 1.0 1.0
40-49 0.93 0.44-1.95 0.91 0.43-1.92
50-59 0.88 0.41-1.87 0.80 0.37-1.70
60-69 0.84 0.40-1.76 0.75 0.35-1.58
70-79 1.0 0.46-2.16 0.83 0.39-1.82
Education Never 1.0 1.0
Elementary school 1.01 0.65-1.57 0.98 0.63-1.53
Middle school 0.77 0.45-1.33 0.75 0.44-1.30
High school 0.73 0.41-1.31 0.74 0.41-1.33
College or more 0.34 0.14-0.85 0.35 0.14-0.88
Smoking Never 10 10
Quit 0.58 0.31-1.07 0.58 0.31-1.07
Current 112 0.70-1.79 111 0.70-1.78
Noise exposure group Control 1.0 1.0
L ow-exposure 2.03 1.23-3.36 1.82 1.10-3.02
High-exposure 3.18 1.90-5.32 2.89 1.72-4.85
Hearing Normal 10
Abnormal 1.79 1.28-2.52
Model 1 adjusted for sex, age, education, smoking, noise exposure group.
Model 2 further adjusted for hearing loss.
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Table 5. Multiple logistic regression by the interpretation of Beck Depression Inventory(BDI)

H

24 M 1= 2012

=

Model 1 Model 2
OR 95% ClI OR 95% ClI

Sex Male 1.0 1.0

Female 1.45 0.93-2.26 153 0.98-2.39
Age 30-39 1.0 1.0

40-49 0.74 0.34-1.62 0.73 0.22-1.60

50-59 0.96 0.43-2.14 0.89 0.40-2.00

60-69 0.68 0.31-1.53 0.63 0.28-1.42

70-79 0.56 0.24-1.31 0.49 0.21-1.15
Education Never 1.0 1.0

Elementary school 121 0.78-1.88 1.19 0.76-1.85

Middle school 0.82 0.48-1.42 0.81 0.47-1.39

High school 0.65 0.36-1.18 0.66 0.36-1.19

College or more 0.23 0.09-0.61 0.24 0.09-0.63
Marital status Married 1.0 1.0

Single 112 0.53-2.34 115 0.55-2.42

Separated 112 0.45-2.78 1.10 0.44-2.72

Widowed 1.14 0.77-1.68 1.14 0.77-1.69

Divorced 3.63 1.35-9.76 371 1.37-10.08
Annual income(won) <20,000,000 1.0 10

20,000,000-40,000,000 0.71 0.46-1.08 0.73 0.47-1.11

40,000,000-60,000,000 2.37 0.76-7.34 2.39 0.76-7.52

>60,000,000 0.61 0.16-2.39 0.67 0.17-3.59
Smoking Never 10 10

Quit 0.73 0.40-1.32 0.74 0.41-1.34

Current 11 0.69-1.74 1.09 0.68-1.74
Noise exposure group Control 1.0 1.0

Low-exposure 161 1.01-2.57 147 0.91-2.35

High-exposure 2.07 1.28-3.36 19 1.17-3.09
Hearing Normal 10

Abnormal 1.66 1.18-2.32

Model 1 adjusted for sex, age, education, marital status, annual income, smoking, noise exposure group.
Model 2 further adjusted for hearing loss.
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