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S0t ¥ ApR Q] g Fiol olE) mpE
AR di2+= T §4, 417 o]A3) o] %
o OHH AFEE & 4 oM, BXlo] A9
= Q% A1A8WE (uremic neuropathy), &
Si2e] B8 (electrolyte imbalance)
o} It}

IRt

FEe g}, g
Ol LlHsh= LErEQl AT

1999-2004E9] b= SUAZH LA}
(National Health and Nutrition
Examination Survey: NHANES) A&
£ 0188 UE RYEE Ao vz g9l
Q] OF 16.1%(SF 2,9008 &, 7.3% L=A,
8.9% HBE)7t o299 A (speech-
frequency hearing loss, 0.5, 1, 2, 4 kHz
o] BEYA|ZF 25 dB o] g Holal
31%(5,5008 ¥, 12% =4, 19% Cc’l‘a—?—’é)
© 3, 4, 6 KHzOllA 25 dB ol 9X|E
HolE 1e
hearing loss)&

A &4] (high-frequency

UHERA AL QL9ITY.

Lioleh W vk RS AuUEA7 Qe
Ol, 20-2941 A8 3.1%, 30-394) 5.4%,
40-49A41 15.0%, 50-59A1 29%, 60-69A
49%2 98 SV I U fEES 3
A B7FEICE 20-29419) FEE W¥E 7)E

|

© & H|XH| (odds atios, ORs)7}F 30tj+=
3.3(95% CI, 0.9-12.0), 40th+= 9.5(3.3-
28.0), 50U 33(10-112), 60th& 101(29-
344) g HALTH

MEZEE o3do] Hisll Hdo] L&k
%j 7]$~oi ORO] 2.4(1.7-3.5), 21&
£ 5.5(4.0-7.50|AeH, &
1(Wh1tc non-Hispanic) & 71E£C&2
X WAL 591(Black, non-Hispanic)
2 0.4(0.2-0.5), WAIZA U= (Max-
ican American)2 0.7(0.4-1.1)E &2l0]
Holof HsH 70% W GXE BT
A, Fujet sl a5, ¥ G
2 S 207hd olah 3t sted WAEHS) |7
HES Z7 UEIKTHAgrawal S

e oz

02 & L om

, 2010).
ARHE 02 AJE A} Gt Kb
T

T Gyt HEe] #AE 1980
He "M7IEo] gten, @ndEeto] o
a3 30 &4e o
FEE 7] §i Yol f9o
Athe HI(YAEOE Eirt fle A
HU} g7l 9= AIRES] Aol ¢ vm
Ue d AR 5)71 the 235 Q0

SIS

20-69A4] 5,742HE TN S E S HEAA}
oA B Sy} O8A) @2 ARRD

2011 12 | 25



Pure-Tone Average Thresholds
Right Ear

80+
B Non-Diabetics ™

701 [ Diabetics
60 o

50
40
301

20
10+
054,

Threshold (dB Hearing Loss)

PTAT  PTA2  PTA3  PTA4
Test Frequency

Pure-Tone Average Thresholds
Left Ear

80
701
60 -
504
40
30 A

ol [ 1 |

PTA1  PTA2 PTA3  PTA4
Test Frequency

&R Non-Diabetics T
1 Diabetics

Threshold (dB Hearing Loss)

(O3 1) ot Hig=7ol FH(0S5, 1,

Hzo| HAS, PTAL 1, 2, 4 kHzo| TEHE, PTAZ 4, 8 9 kHzol BRE,

2 K
PTA3; 10, 11, 12, 14 kHz2| BZ&=, PTA4)(Frisina &, 2006)

Hj ol T dEHE T AT e H
oZ=1 QT o] MiTto] BUle Ty SR}
9 61%7F TS HHEAS Ho

= 1 ‘oTinT =2

2 UEATH Agrawal <, 2010).

i
a3
o

(Fukui B, 2004; Nagaoka 5, 2010),
Wolfram T+ DIDMOADZE & (dia-
betes insipidus(DI), diabetes meli-
tus(DM), optic atrophy(OA), neu-
rosensory deafness(D), atony of the
urinary tract) (Najjar 5, 1985) 52 &8
B9} 28 Yk 7H5EE0] Qe 401042
A (Ologe &, 2005), BAl |49 izl
o8t M5 (Gebhart &, 19%6; Guillau-
sseau =, 2001; Chen &, 2004), Z1&|4l 2
g gnot HESAe HAd A+ (Sa-
kuta 5, 2007) 59 Bt 2o}t g9xet
Y e o] e i+ o8t A
TEE O FUALGETAL ARE 7|6
o g B17F UTHAgrawal Y 5, 2008;
Bainbridge &, 2008, Panchu, 2008;



Right Ear

F5

10
15
20
25

L35
L a0
L 45
Lso

—¢—Diabetes Left Ear —4—Diabetes
——Controls ——Controls
Frequency {Hz) Frequency (Hz)
125 250 500 1000 2000 4000 8000 125 250 506 1000 2000 4000 8000
L A i 1 — | i 0 L H 1 i | 1 i 0

10
L 15
120
L 25
30
35
- 40
- 45
L 50

(23 2) PRBRet 717 x| F(Leon-Morales &,

Cheng &, 2009).

Fg ol2th

Bty AxzZe osdydAN(Dal-
ton &, 1998; Diaz de Leon Morales &,
2005; Frisina &, 2006, Sakuta &, 2007;
Bainbridge &, 2008; Diniz®@t Guida,
2009, Ren S, 2009), o12AAH Frisina 5,
2006) 59 FHAEQ AR ALNZHES
(Auditory brainstem response: ABR)
(Bayazit &, 2000; Diaz de Leon Mo~

2005}

rales &, 2005; Hong¥} Kang, 2008; Ren
=, 2009, Wu &, 2010), AASTHIE(A-
uditory middle latency resonse:
AMLR) (Hong¥} Kang, 2008), &AH57]
Uk (Auditory late latency response:
ALR, P300) (Alvarenga &, 2005), 0]
& &AL (Distortion product otoa-
coustic emissions: DPOAEs) (Ottavi-
anii &, 2002; Nardo &, 2005; Frisina
5, 2006; Vasilyeva &, 2009), &3t
SHro)| 28k Transient evoked otoa-
coustic emissions: TEOAEs)(Sasso &
1999; Frisina &, 2006, Ren &, 2009)
o] AT A 55 Sl izt vl
st QICh 181 Bl WAy 3
St Bolo] AR R0 A H S}

0

H

=

o
re O ofn

K
i)

2011 18 | 27



Right Ear Left Ear
Frequency (Hz) Frequency (Hz)
250 500 1000 2000 4000 8000 250 500 1000 2000 4000 8000
i 1 1 1 1 L 0 1 1 1 1 1 1 0
—4—Diabetes F5 —4—Diabetes 5
——Controls L1o S —B—Controls 1o S
D o
- H15 %
o <
L20 & 120 &
Los & Los &
I I
130 T 30 O
* L35 35
* L *
40 * L 40
(O 3) gt HYE "X Yo BXIet LiEF9| HE(Ren 5, 2009)
504
segeas NGT . Speech Reception Threshold
—A— IGT 4
40 O DM 07 - B Non-Diabetics
—_ [ Diabetics
-
= % 30 -
Re)
= 30 S
T T 201
[-]
£
]
20 £ 107
|—
0- . T
10 S —— : S nghtSRT Left SRT
0.1 025 05 1 2 34 6 810 Ears
kHz
(28 4) HAnormal glucose tolerance, NGT), UZs (22 5) Y Xz HAFEQ HSHFAZNFrisina
O|4impaired glucose tolerance, IGT), 28 5, 2006)
Y SXHDM)2! FHR|(Sakuta 5, 2007)
gy ks Faelo] His Aol QL

ATt (Fukushima &, 2005; Fukushima
5, 200

7} e,

oA KolaHA AHYRA 7 =4 UEETEH
(Bainbridge &, 2008, Panchu, 2008).



7 Right Ear ABRs Left Ear ABRs
* & Diabetes ] * B Diabetes
61 - 1 Controls 6 - . ] Controls
g 54 * ,g 54 *
‘é’\ 4 ‘5 4
g 31 g 3
g, 5,
1 —LIH 1 —lﬂ
0“ T T T T T O— T T T
| IIf V = m=v 1-v | Il \Y =0 M-V 1=V
(22 6) NIt HHUS WIS Y B} HEZO| HALZIMS ol F=7|(Ren S, 2009)

Frisina S(2006)2] ¥7toAE ASYojA
ol7F i 3A UeRESH(a7 1), Leon
-Morales &(2005) 2] H-oA= 8 kHzol
AN foIst ZHolE BPOH(I7 2), Ren
(2009) 8] AFOIAE 4, 8 kKHzOIA AH
E717F F5lot9 oMY 3), Sakuta
(2007 9] GToME Y Bk 2, 3, 4,
, 8 KHzol| A AAET) 3 dB I =2 A&
E H¥on 1, 4, 8 kHzOAE Halo
OISt Xto]E UEFNCHK ™ 4).

> o 42 ol
ball

= R
o >k

40

g ¢RI 5o 189049 9 x}
Ol © S5 HoIFri(Panchu,
2008). O]SAF X AAHSpeech recep-
tion threshold test: SRT)OIAE B &
Aol AE YR = FAERD =7 LER
CK" 5) (Frisina 5, 2006).

<M

A & A Hie SA=
APy Ets vaket 1-valkt FE7
(inter-peak latency)”’} 0L A4S
HO|T(I8 6)(Ren &, 2009), &
FEO|SEAA O &2 AEFY
(Nerve conduction velocity: NCV) ¢} ¥
ZO]S8HIALY] 2, 3, 4 KHzOIA W B
DPOAE FZg HQITHDi Nardo &,
1998; Ren &, 2009). 18 Yk A9
28.3%01 4 Aoz 515 FolA o] SaFAL
Al ¥FSE HOJA] Eal SR1e] 10%e=
LA oA S0l |IRATH TES =0
B35 folotAl WA UESTHT. 1244
/10.9+9.3 dBSPL){I& 7)(Ottaviani &,
2002). St G Rl RAAESE &
g oj5of weh Zpo|7t JAJUCK T 8), (I
2l 9) (Di Nardo &, 1998). &, ZEAIAH

s

0] Hztst
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(28 7) @) oIZFLUME EolX|l Y= €= #AKb)el TEOAE

(Cttavini 5, 2002)
B2 B9 gy o] A% Frie
7 |

SEHTS S0 ZAEEHC 4 A

A SERYE AT 7AEe]
HIZ, JFEANZet FEAMZS] &4 L
AAE HE(spiral ganglion cells)] ¢
Z=, ZIHHE (intermediate cells)Q B&
H3l HIAE(stria vascularis) Q] 7FEEA}
2] ME(marginal cells)Q] =& HOIT}

T

Eor gk gEEoz 44134 vEe
(@)
=)

oL O
lf_g
Jo |
mEH(?HH;
AN
ol
~ a
© op M
o o i &
Kui 40 &L o of

o
&
2,
8
i
oz
L)
B
o
il

0
Er
40
i
D
Mo
2z,
o 1o
<
N

NPl
betic neuropathy) =2, FZEAo] Fgt
€ URH, olof thal sEad B eltol th
SF iR/ a|ers det Q1] FHY
At Bavh o, & E =

SAskE Agkof et AR Hvt QU

o
o
5
e
I
o

(F DE gudt BN BENS

HojZe ¢dFo|tH Maia 5, 2005). ©xo)



Distortion product - gram

A
90 IS W N T O
:‘,r‘\ . 3
5 \
% 10 : - ‘\
0

Distortion product - gram

20

dB spl

07 1 15 2 3 2
KHz (F2) KHz (F2)
(I8 8) BA(A)T E BXKB)2] DPOAE TZ(Di Nardo &, 1998)
20+
60 B Diabetes
50 * [ Controls
3
T 104 % 40 ¢
2 x
3 S 30
T8} [
§ g 20 +
a 0+ i} 10+
0
Lower Upper Lower Upper Apical
-10 T 7 T T , Basal Basal Middle Middle
0 1 2 3 4 5 6 Cochi
Geometric mean frequency (kHz) ochiear turn
{11 9) DPOAEY Fhjad %Eﬂ%(’éﬁ’g HET W, (08 10) Y 8X2 tEZC 9}-‘?— 2o wE
URMNHEEIE A A MZ &4(Fukushima 5, 2005)

gz, ko] o] e LA
ARAIAM dBtets d2g2e @Y S7IR
Q1% non-enzymatic glycation, activa-

tion of polyol pathway, generation of
reactive oxygen species(ROS)7} 223t
TR 12).
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)
—
e}
S
S
S

hakad B Diabetes

*%
3 I—\ O Controls

LR,
ﬂl—‘r‘ﬁ

Lower Upper Lower Upper Apical
Basal Basal Middle Middle

it
<
[=3
[=3
o

8000
6000
4000
2000

o

Area of the stria vascularis (xm

Cochlear turn

G Y @7 gXFe 242 2o o2
8@z HX(Fukushima §, 2005)

Bainbridge £(2008) Oj=t 419
oot Gote] ¥ gFolM Bl
Bt A4St Qo Hish UHol 89 &
£0] 24l ErH1 Bsl9ic

W g9 yWdso] oid A A
g7t E71e) mel WA £ {elo]
T3 QITHEA B ERE Y HAE W
ook $Hhal XA s},

O] ¥ty 1999 -2004H Q) =t =plA
ZHATA} AR E ol83IF on, HEed
o] H7H= 500, 1000, 2000 HzS] X/E58Y
o] BHFXIS} 3000, 4000, 6000, 8000 Hz<)]
129 FFYRIZEA 25 dBHL ojale] 24
T WET 40 ABHL o)4e) EE: UEo

2 RS

A 29&/E/1 90 d4 It
WA Ajolof ghalst #o] LERTE S3l
TESQ0A FR5CE FFo] KBt iR
AE o E A/E S99 FHg Hlwet
23}, G 81 399819] ¢F 21.3%(95% CI,
15.0-27.5%)014 5% o]&ke HEFol
7} VERTH SR8 Bt |l dY
4,7418100 A& ©F 9.4%(95% CI, 8.2-
10.5%) 40k 1890 B 88X
54.1%(95% CI, 45.9-62.3%)7} B& o]4t
o] HYsa g BHIAT HE R Alojxl=
32.0%(95% CI, 30.5-33.5%) Q40 Bx &
A UEs o]dRlolA = sHRE 412
2 i EYXE B AfE] His) A
£0] 30% =UTH.

®
=
>
o
b
[T o
o
o
N
S
0
U
'SS
DO
k-4
o

1.27-2.60), 2o A= 2.1681(CI, 1.47-
3.18)0]RCH | 2) (Bainbridge &, 2008).

A 1971E8E 2004@7HK19] vl= =
UAZFEARAHNHANES; 1971-1973
NHANES I, 1999-2004 NHANES II)
AHz0) Ol5HH 25-69419] Bk AEto] e
HOl0)A BHARS WA FHEO] 27.9%0
A 19.1%2 E0EIAT, Gk SR04
B 11 8jgo] {9t Wkt giir(46.4%



SEDCIATION:

(B 1) Gkt HB&M0 HHME HoiFe O3
Author Number  Gender Age Typeof DM Relation w/ Audiological Control
of infl Infl Infl of presence of results group
patients  of gender of age duration complications DM
Camisasca et 81 male>fem 29-75; I; present DSNin 46% of the no data
al.(1950} absent present cases
Jorgensen & 69 520 Gi7%; 1673 l; w/ retinopathy 41% DNS bilateral Johansen
Buch{1961) absent present absent and nephropathy curve
(1943}
Tota & Bocci 100 3983 61%; 11-80; tand Il; retinopathy 9dB-6KHz; Patients w/out DM
{1965) no data present present 15dB-3KHz, matched
>61-70 years by gender
Maruio et al. 60 6B 248 20-49; tand i; retinopathy, DSN in 30% of the Johansen
(1974) no data present present coronaryopathy cases curve
peripheral angiopathy (1943)
Friedman et 20 883 12%; 22-70; II; peripheral neuropathy DSN in 55% of the 32 patients
al.(1975) no data present present retinopathy and use cases matched
of AB by age
Taylor &trwin - 77 17B8 21%; 1562 I; absent DSN mild below 39
(1978} fem>male present absent 9dB patients
Ferreret al. 46 no data 14-40; I; retinopathy and 30dB in at jeast matches
(1991} present present nephropathy one frequency by age
Cullen & 44 32B% 12%; mean46y;  \; no data p<0.001 high freq. 38 matched
Cinamond male>fem present absent by age
(1993} and gender
Tay et al. 102 SBB Y 449  19-80; 59 no correlation fow and medium matched
(1995) no data absent 43-Il /present frequencies p<0.001 by gender
Dalton et al. 344 no data 43-84; I; No association high frequencies absent
(1998} present absent wi retinopathy. above 4000Hz
Association w/ nephropathy
Karkalapudi 12575 no association No No data Poor levels of 13.1% prevalence 53461 non
et al.(2003) association creatinine and diabetic
microvascular disease
DM - Diabetes mellitus; dB - decibels; DSN - sensorineural hearing loss; AB - antibiotics; Johansen Curve {(1943) -
results of audiometric exams found by the author in subjects of different age ranges in a specific population,

/48.5%). SE,
3 FHER vY

8, 9F, seo) vy

[ ) (a3

Y

24.4%, NHANES 11 22.3%,
A=
11 34.4%0]Q0H, BHlE kT

4

P oA NHA-NES 1
L2
NHANES I 28.5%, NHA-

NES

o thet B

o 2 WA fe¥b](adjusted preva-

lence ratios)+
NANES 1= 1530190 Gk
&€ Holal
His] SaoldE b
48 HOJA] E/ATHChe-

Hol s g4

2 B0t tﬂ P 20
B 9ugl g

£9)
ng s, 2009)

NHANES I+ 1.17,

e

Qen, 5L
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Hyperglycemia

Protein Kinase C(PKC) activation

v

Oxidative Stress AGEs Diacylgycerol

v

Vascular Complications

v

| Nitrous Oxide
formation

1 Endothelial permeability
formation

Endothelial thickening
production
TGFB upregualation
activity
VEGF overexpression
VPF overexpression
Atherosclrosis

| Endoneurial perfusion

Cellular Alterations

v

Collagen IV changes
t Cellualr matrix accumulation
| Cellular matrix degradation
| Microtubule formation
t Intracellular protein cross-linking
t Intercellular protein cross-linking

Single strand DNA breaks
 PNS myelin proteins glycated

Metabolic Disturbance

v

t Amadori Product
t Schiff Product

t Free radicals

| Na/k+/ATPase

1 Polyol pathway flux
t Maillard reactions

(O 12) 28 Yot o9 H20| DXl &

1990Ei7HA] = Bl ot He &4 &
A7t A2 Helslx] gen, = o3
(HAA &, 1998; BEE &, 1998; Brehy
S, 20000012 FoIS HEEE KHOIR] &
LRIet, FEA 5200009 AFgAE S
E3Yo] FE&dol g8 dgks R
(H]XH] 1.014, C.I 1.001-1.027).

NotE] Yz (diagnosed diabetes) A}

34| pgs

+ 1988-1994d NHANES I A&0f )5}
H 19973 dl= 20A4] ol el Q179
5.1%91 1,0209F HOZ FAME 31 Qlom,
n=gL2gs] 7I1EQ Z8Al ¥4 126 mg/
dl o}AH(undiagnosed diabetes)< 2.7%
(5402 M), 110-126 mg/dl HTH(im-
paired fasting glucose)< 6.9%(1,340%F
&)oll O]2T}. 40-74M QTR B (
diagnosed plus undiagnosed diabetes)



KOREAR INDUSTRIAL HAEL

(# 2) OF B ol o8 H3el u|Riul(Bainbridge &, 2008)

Hearing impairment ] Odds Ratio(95% Cl)
Wores Ear
Mild or greater severity(PTA>25 dB HL)
Low/mid frequency* 491 1.82(1.27,2.60)
High frequency # 1537 2.16(1.47,3.18)
Moderate or greater severity(PTA>40 dB HL)
Low/mid frequency 154 1.81(1.09,3.02)
High frequency # 815 2.29(1.52,3.44)
Better Ear
Mild or greater severity(PTA>25 dB HL)
Low/mid frequency 203 1.80(1.14,2.85)
High frequency 1025 2.44(1.65,3.61)
Moderate or greater severity(PTA>40 dB HL)
Low/mid frequency 44 3.21(1.63,6.29)
High frequency 475 1.64(1.04,2.57)
Self-reported hearing impaiment 949 1.76(1.30,2.38)

PTA=Pure tone average threshold

*Adjusted for age, sex, race/ethnicity, education, poverty to income ratio, leisure time noise exposure,
occupational noise exposure, military history, use of ototoxic medications, and smoking.

* Model did not pass the Hosmer-Lemeshow goodness of fit test, but examination of residuals and
observed and expected values did not suggest an important departure from model fit.

FHES 1976-19802] 8.9%014] 1988~
199492 12.3% =% S7Fotal AtH(Harris
S, 1998).

HE ol HIE sS4 AT )
T o o]

9] 95%5 AFK|ohe 28 Eind SARAC
28 Eie T/l 404 o] =of s
HABEOIL REREE B @l VEEE

7V ArollAf o] LRERITY,
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olghe Hlols ¥ ojdo] (it Yo
15t €Y S JEivt 2713 ASEE ¢
JE o2 s UEAA0] EolXIAL B o

o e

d

1544 Aol E52 LA =, B4
o] BA7)50] WO 4218 EE 2
ol g 4 Utk

r

LA &40 QIS HAEYE FH4l
AYZE (auditory neuropathy)old} &t
o, AZFEES A= Ao gt
Starr GA] HAAHEZO A2 & stz
YgeHE Ageiit

UEHITE 420 AR ETHe av]o] HE
S0 WA eI JYEeR2E aF)
St o IR 7E20] & HEtEA
U B3] aggdolAe gt tisht of
B2 HEI7T ASET HRE R 49
7% HA Stle JEHE JdEn). 1
08 270 @O Qs HAEHES
Zeket?] flsixle LerEQl AHHAL Dt
Hite TOE Hdol ¥ sttt

2

36| Mggd

sErle 2o et o] UEhs

22 onlshe ow BUZWBY 49

4 enoz a2 dgol ol 3y

ol B3 FE7|7 Dol AME e}

oAt} wEAZo) S4E A9 A0 B

S57} WolrlA) Hlof, 98 T7te] AFY
gET EE 7S SFstel BRUZY
SR

REshs W fAR YRlolt,

T LIS AALS 8 glold
o HENE H7loh= olgEA HALE S
g Ik E=d, 5 3
< gyo| o] HEl= Fae
2 UEh}7] thEolth.

%L‘tﬂfd o)== ]70:]%:]{_;.9] 7‘;]
e JA37} o] 2oJX| L YATE, OFE7IR] R
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g3t}

E 910 B

gxEos Qg FEE T shuel ¥x
NBEEL IBYE0] &7k XN&E 0
UEh e SHE02 ddd Jdd 9A
A7z 8EE 2o UEhd Aolth. 18
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wHOR0) W] ME o) o) 9.134 HlE @gol FyoldEE F180
A U 5 900E Yol wEE @ FASH: 2T 77 A, ojulols
A HIHQ Pyt W Ao, wat ”}OW gus A Austs 295 & 2
Qo12Ho) ZZHAN VHO) U= Algo)  AECh B} &
e GafRol et AAIS h 2ol B
o Ry
AT, ol2lsh, HEHE, 238, ZRA, UG, 01Fs. Hol HMoM E¢0] 71z HHAR| 0lXls
FE. oEtelsta]x] 1998;31(2):285-202,
Hi2td, 015Y, AN, TOrIHo xIEHM §M’“ HEL A8 & HY Z2EX0iMe] A 2

 HAR, 233 gt %IH%

bt

[ERY, ot ZZlN, _4\_—8- L& Y 22X0 13FY &
HE Q0! tisAeIEISIX] 2000:12(2)187-197.
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