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— Abstract —

The Association of the Serum Magnesium with Hearing Loss
Among Noise Exposed Male Workers
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Department of occupational medicine, College of medicine, Soonchunhyang University,
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Objectives ' This study was conducted to investigate that the chronic noise exposure is
associated with decreased serum magnesium concentrations and evaluate whether
decreased serum magnesium is associated with noise induced hearing loss.

Methods @ One hundred seventy-eight male workers exposed to noise were selected and
classified three groups by the degree of hearing loss. Hearing threshold levels were less
than 30 dB at 1,000 Hz or less than 40 dB at 4,000 Hz in group [, more than 30 dB at
1,000 Hz or more than 40 dB at 4,000 Hz and 15 dB and less of pure tone average(PTA :
(500 Hz+1,000 Hz+2,000 Hz)/3) in group I. more than 30 dB at 1,000 Hz or more than 40
dB at 4,000 Hz and over 15 dB of PTA in group II.

Results @ Serum magnesium concentrations were 2.42+0.26 mg/dl in group I. 2.35+
0.23 mg/dl in group I, 2.26+0.24 mg/dl in group II. respectively and significantly differ-
ent between group | and group Il (p<0.01). It was negatively correlated with duration of
the noise exposure as correlation coefficient(r) of -0.194 (p<0.05). Analysis of the multiple
regression on hearing threshold levels showed that serum magnesium, diastolic blood pres—
sure, duration of the noise exposure were statistically significant at 4,000 Hz(p<0.05).
While only age was statistically significant at 1,000 Hz(p<0.05).

Conclusions : These results suggest that chronic noise exposure may induces decrease
in serum magnesium concentrations and that its decreased concentration is related with
noise induced hearing loss.
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| Chronic noise exposure |

Suboptimal magnesium intake | \

| Increased Catecholamine I

‘ '

l Decreased serum magnesium'’ |

1t

Ilncreased cell membrane per-eahilityl

| Increase of K', Ca" influx to cell—l Vagoconstriction

v
| Increased energy-dependent ion pumping |
' |

I Energy exhaustion | | Hypertension |

Cell destruction?

Fig. 1. Biochemical mechanisms of the hair cells

destruction due to Magnesium deficiency

1) Chronic noise exposure, suboptimal magnesium
intake and stress may induce decrease in serum
concentration of the magnesium.

2) Magnesium deficiency may increase cell mem-
brane permeability of K+ and Ca++ and then,
may cause energy depletion and irreversible dam-
age to the hair cells.

g T28Q FHEZen BHyh SvhEh ol
gk Az Alxere] Faldo] Sk AlE ¢
Hof miadlgro] HASTHGinther 5, 1989). &
ATe 254 A oA A Hdside] shel
g wladlge] H53 AEAstete] #Ede W
FH A AEEA = o]= Saunders 5(1985)°]
Aok T WA 7] 7| Zste] M-S AR
M REge a9 19 Ao AT 55 ATy
g 227 I vladlg FEoke] A 9 84
vl EY PR skl HAS e Rl g}
o] FukH AHHAT O A alEd s
olr y 2} g},

N

Mo wo rir o

AidAE 178 W F3k= 1,000 HzellA
30 dBVITF 32 F3<= 4,000 HzellA 40 dBwIgH
o] AY X E HQ ti’dAF 659 (Group 1)e]
A3, T34 1,000 HzollAl 30 dBeld ==& 3t

4 4,000 Hzell A 40 dBel”del g7l 1139 0]
Aok, o] 1139S 38He R 15 dBolstel 283
15 dB2¥Rl 5oz HYAste] J=E 7319
o}, 15 dBelskl o] 599 (Group I)elx 15
dBx=3<l 28] 548 (Group 1) olAth.

2. X} +H

1) MEZA}

AT EAEAA Y. T4, wEFE, AAA
FH, Qg 2EHU: A= A4S S35
ARHARL AR A AYE, TdielMe] &E =
=9, 1 9 a5¥ #dd We, 37 39 S
g 723t AEAE s sl ddAs
o FA e Hox e o Fdg A3el
IAY e AFA F 207 (4007H3) oY &4
g 2t dield FAFA, AAEFA, HEA T
st st ws FE ‘;1 73%1]* el thah
AMe 22t 2% 5 1F ARUE dEoldH
I SR N 57H Fgrow Eth
3xEe ddYETe 2Ex FES SEFL

2 49 BEPSI(Brief Encounter Psychosomal

Instrument, ©]3} BEPSDE =33l wisH &
(1994)°] 2tk ZA| weh ~E A 72?5% Zd-’f*
g} st miodlge] Bel dE 242 FE2 A
ARCEA, WF F), AAdRGEE, ¥ 5, TRE
) =

5 3gmo o] dFANY HAYES
- creee

ZY74 Likert 4% H=2 743l SHstn o=

HAeet sttt ATuEREY] &S w=EEH e A

Agol =29 AQEY I 2F AFE duE= 7]
=] DC

&3l S A QI Al T Beldte] mE G
slol A = ANSGT 1 9] Aize] gYus
T ARl e B e, AE e A9
455 ge Bom teel sihovl, wolel



B3, % 4% A A5gEd, 2

3,
B2 A2, vYgAN 27, A2 A

< 4ot FdzEE, drI=w, d9, vk
F 5= 545 fldte] FNAE Adsiirt. wa
Ugess 54 A9 29 5 bms B4 £

HAB L HAkAte] eakg Fol7] $let
tdaree] d3el =9 270E Holl B4
< AsHAbEEA17] (Olympus,
AUB200)E AH&-ate] whoadlg 4 Aol ofsf Ay
g ke v P Sih Aok LA HolA
sHetAlFAte] MG Ao 71ES AMESIITH L &

g | e tigellA AlLAZ

-

3) H2{ziAt
AEA e 9 o] AvdE B doA &
ot euEH(Glaxon, GSI10)E o]&ale] HHA
Ao A3 AFaded oaia A
UdAES 16A13F F2138 Adejela w4

= =
9 918 2ge9n, 249 FY 427
o

48 g5 FAselY. o=
of disiMe ESAHHEAA AA =g FHe)
3 tdARES 71%4 Y (functional hearing
loss)= WiAlE}7] fl8te] F7HE 02 o3 HFH IH
ZHAHSpeech Reception Threshold test., ©l3}
SRT) ¢t o HMEE #HAHSpeech Discrimination
Test, ©]3} SD)E Attt Aoz of & A
7 dX°} PTAsE A9 45 izl 10 dB oWl
o] zpolE Helt} ek 15 dB o] jolE Hel
o AAF AHA L] A=t gAY dRES] 71E
A & (functional hearing loss)S 24l 5= gl
7] WZoltt. LE 2, 394 PTAs® SRT 32

15

cAS =F "Y I2RA0Me FHXNer €F otadlEe| BEy

5 dBeluie] Aol & Heof HHiALe] A==} g
A3 716 e A 23EA] @ Ao
= A 5 3ok

4) o|Ab pigt % 7

AEA A, AAAS AE, AEAAE v

A g 2098 oA Fold T Fo] Aol
Ae A n¥Y, T 5 NS wEHe] 9)
= A, A8 KAt FAY =E2E s A, 7o
el &g w=EHo| e A doo] &¥H A
5 AT FATE 1218 AQdstn 1788 S
At EAA 18 AR FolA]
&2 % (Nominal scale) A ¥ 2 = (Ordinal

HHEF 28 ForMY ASeFEF Fo| TEI
ztol7b A=A E BY] flste] Fho]l Al A (Chi-
square Test)= AHAISA1, T E(Interval
scale)® 24" 98 A% =29 AAA= 2
I, N AT, AEHAATL, 2Ed s FF,
g AR E 5o L& AelE BY] flsiA
£ Student t-#74 (Student t Test, ©l3 t-
Test)Z EAHEA (Analysis of Variance, ©l3t
ANOVA)S 225kt

FoeEE AYAs dHE e 800ES
3] 7] 98kl 3= 1,000 HzeF 4,000 Hzel 7]
T AY 9XE THAFE, deBAdA g3t
ztol7b e W4l A%, ZEU7F, Y] "
A vldlEd 7| AFedA #eEe] UE &
g, ZFHzEHE, 7 44 55 SHHUFE U5
3] AEA (Multiple regression)< AAlsIAT. ®
F Y SHRSE 25 2dd 237 2
< At 7] B8 SAVIES SPSS 7.5 9
T=f HAE o] &3] HAAEAT

15



A 123 A 1= 20004

Table 1. General characteristics of subjects

Variables Group | Group I Group Il Total
(N=65) (N=59) (N=54) (N=178)
Age(years)” 31.25+7.72 36.20£6.42 38.13+9.58 34.98+8.44
Marital status
Married 44(67.71) 50(84.7) 43(79.6) 137(77.0)
Unmarried 21(32.3) 9(15.3) 11(20.4) 41(23.0)
Socioeconomic Staus”®
High - - - -
High middle 1(1.8) 5(10.2) 2(5.0) 8(5.5)
Middle 21(317.5) 27(55.1) 23(57.5) 71(49.0)
Low middle 22(39.3) 14(28.6) 13(32.5) 49(33.8)
Low 12(21.4) 3(6.1) 2(5.0) 17(11.7)
Education”
Elementary 4(6.3) - 4(17.8) 8(4.8)
Middle 5(7.9) 5(9.4) 6(11.8) 16(9.6)
High 41(65.1) 42(79.2) 38(74.5) 121(72.5)
College 5(7.9) 6(11.3) 2(3.9) 13(17.8)
University 8(12.7) - 1(2.0) 9(5.4)
* 1 p€0.05

T Number in parenthesis indicates percentage
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Table 2. Audiometric profiles of subjects
(Air conduction hearing threshold : dB)

Variables Group | Group I Group Il Total
(N=65) (N=59) (N=54) (N=178)
1,000 Hz"
Left 10.15+ 5.45 10.59+ 3.84 21.11+11.68 13.62+ 9.00
Right 11.15+ 8.28 10.68+ 4.50 22.11£12.00 14.02+ 9.83
4,000 Hz"
Left 18.98+18.61 58.81+15.10 60.00+£17.80 45.52+25.75
Right 19.36+15.40 60.59+12.29 61.67+16.60 47.27+25.43
PTA*
Left 10.90+ 3.12 23.98+12.43 17.15+11.01
Right 11.58=+ 3.35 23.92+11.32 17.48+10.24
SRT*
Left 14.86+ 1.84 23.00+ 8.70 18.06+ 6.88
Right 15.05+ 1.78 24.21+13.76 18.65+ 9.76
SD(%)*
Left 100 96.23+14.15 98.52+ 8.99
Right 100 96.34+13.63 98.56+ 8.66
* 1 p<0.05

t: PTA ; Pure Tone Average : (500+1,000+2,000Hz)/3

Group | : Hearing threshold levels were less than 30 dB at 1,000 Hz or less than 40 dB
at 4,000 Hz

Group [ : Hearing threshold levels were more than 30 dB at 1,000 Hz or more than 40
dB at 4,000 Hz and 15 dB and less of PTA

Group Il : Hearing threshold levels were more than 30 dB at 1,000 Hz or more than 40
dB at 4,000 Hz and over 15 dB of PTA

Table 3. Noise exposure duration, ear protecting and smoking status of subjects

Variables Group | Group I Group Il Total
(N=65) (N=59) (N=54) (N=178)
Exposure duration® 86.40+63.76 133.90£70.03  144.09+£80.52  119.90£75.53
(months)
Ear protector
Always 23(46.97) 13(26.0) 19(38.8) 55(37.2)
Occasionally 9(18.4) 7(14.0) 9(18.4) 25(16.9)
Never 17(34.7) 30(60.0) 21(42.9) 68(45.9)
Smoking status
Nonsmoker 17(26.2) 11(18.6) 9(16.0) 37(20.8)
Exsmoker 5(7.7) 5(8.5) 4(7.4) 14(7.9)
Smoker 43(66.2) 43(72.9) 41(75.9) 127(71.3)
*: p<0.05

t: Number in parenthesis indicates percentage
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Table 4. Anthropometric and blood profiles of subjects

Variables Group | Group 1 Group Il Total

(N=65) (N=59) (N=54) (N=178)
Height(cm) 168.25+ 5.41 169.88+ 5.9 168.30+ 6.41 168.80+ 5.94
Weight (ke) 62.32+10.82 65.58+ 8.05 64.20+ 7.42 63.97+ 9.05
BMI 21.99+ 3.59 22.72+ 2.46 22.67+ 2.46 22.44+ 2.95
Systolic BP(mmHg) 115.54+12.12 119.49+14.19 117.04+12.23 117.30+12.91
Diastolic BP(mmHg)* 70.46+ 8.37 77.03+ 8.62 76.67+ 8.47 74.52+ 8.98
Hematocrit(%) 45.46+ 2.88 45.25+ 3.25 44.25+ 2.67 45.03+ 2.98
Hemoglobin(g/dl) 15.15+ 0.96 15.09+ 1.08 14.75+ 0.89 15.01+ 0.99
Glucose(mg/dl) 96.02+19.96 94.61+ 9.44 95.35+17.31 95.35+16.22
Cholesterol (mg/dl) 174.57+28.74 184.98+36.04 182.56+34.01 180.44+33.04

* p<0.05
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Fig. 2. Serum magnesium concentrations of sub-
jects among study groups

Fig. 3. Scatter diagram of serum magnesium
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Table 5. Multiple regression on the air conductive hearing threshold level at 1,000 Hz.

. Left ear Right ear
Variables
B Standard 8 B Standard 8
Error Error
Intercept 0.833 16.094 21.116 17.776
Age(years) 0.362 0.126 0.328* 0.315 0.139 0.262*
Smoking status(0,1,2)" -0.132 0.921 -0.012 0.665 1.017 0.053
Exposure duration(months)  -9.351E-03 0.014 -0.076 -1.897E-02 0.015 -0.142
Diastolic BP(mmHg) 0.137 0.083 0.133 8.827TE-02 0.091 0.078
Hematocrit(%) -6.082E-02 0.261 -0.019 -0.569 0.288 -0.163
Cholesterol (mg/dl) 1.849E-02 0.022 0.066 4.076E-02 0.025 0.134
Glucose(mg/dl) -3.835E-03 0.044 -0.007 -3.331E-03 0.049 -0.005
Serum Mg (mg/dl) -3.740 2.884 -0.102 -2.355 3.185 -0.059
Adjusted R* 0.069 0.046
Model p value 0.013 0.045
* 1 p<0.05
' 0 : nonsmoker, 1 : exsmoker, 2 : smoker
5. 8d ofaulgnt &8 =&, Ao] Y AE: F BAFoZE oA &Uth(Fig. 4.5).
Ao mHH N
6. Fula Haix{siol| Cie Z4M 201 1 CfF
Fig. 304 B ups} o] 48] w2d 7|13} ;?TZM o stoll cHst 2%~ =
S|#H=M A1
g4 vladlgel vEE dEAS r=0. 1945;; g =
E2H 7|e] A4E A vladlge] vee HolA Table 55 F3= 1,000 HzellA<el A=A st}
£ Aol e SAFcR Fodlu(p=0.013), FHH H5A QB I gAY HAds
mlavlge] Bol $HE S49 HAPE ¥ sEds  melFm ATk F34 1,000 HzeldE Aol
Fd 8F vldlg skoke] #FEAAL I o] ) = A EFA o3 g AgEdew
Ao FEATE A4 r=0.014¢F -0.11022 2 (p<0.05) Aol TI/HEFE A=A AslAl+=
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Table 6. Multiple regression on the air conductive hearing threshold level at 4,000 Hz.

Variables Left ear Right ear
B Standard 8 B Standard 8

Error Error
Intercept 5.153 42.189 7.552 42.137
Age(years) 0.183 0.332 0.062 0.519 0.331 0.176
Smoking status(0,1,2)" -1.594 2.414 -0.051 -0.355 2.411 -0.011
Exposure duration(months) 8.923E-0 0.037 0.268* 6.940E-02 0.037 0.211*
Diastolic BP(mmHg) 0.704 0.217 0.247* 0.518 0.216 0.194*
Hematocrit(%) 0.173 0.686 0.020 0.231 0.685 0.027
Cholesterol (mg/dl) 8.874E-02 0.059 0.115 8.418E-02 0.059 0.111
Glucose(mg/dl) 1.338E-02 0.177 0.009 -9.819E-02 0.117 -0.064
Serum Mg (mg/dl) -21.539 7.411 -0.219* -17.180 7.402 -2.321*
Adjusted R? 0.187 0.169
Model p value 0.001 0.001
* 1 p<0.05
' 0 : nonsmoker, 1 : exsmoker, 2 : smoker
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