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A Study on Analysis of Depression, Cognition, Communication,
and Quantitative Electroencephalogram in Hearing Impaired Elderly

Hyoung Jae Kim', Hee Wook Weon®
!Starkey Bundang-Yongin Hearing Care Center
Division of Brain & Cognitive Science, Seoul University of Buddhism
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Abstract The purpose of this study was to analyze the degree of depression, cognitive function,
communication ability, and the quantitative electroencephalogram (EEG) in elderly individuals with
hearing loss and to investigate their inter-relationship. Hearing-impaired elderly participants, aged 60
years or older (37 men and 26 women) who visited the S Hearing Rehabilitation Center in Y City from
June 20, 2020, to September 3, 2020, participated voluntarily after a recruitment announcement.The
participants' overall characteristics, depression, and cognitive functions were evaluated with a structured
questionnaire. The Word Recognition Score (WRS) was evaluated with an audiometer using the Korean
Standard Monosyllabic Word Lists for Adults (KS-MWL-A). The quantitative EEG was measured with dry
electrodes using a 2-channel EEG on the frontal lobes Fpl and Fp2. The results are summarized as
follows: Communication ability showed a positive correlation with the left-right symmetry of the frontal
lobes (**p{.01) and a negative correlation with right-brain mental distraction and stress (*p<.05). In the
difference WRS test for each group, the left-right symmetry of the frontal lobes (**p<{.01) showed the
greatest correlation with communication ability. Our results suggest that the left-right symmetry of the
frontal lobes can be a biomarker indicative of the communication ability of older people with hearing
impairments.
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S+ A19EA(KFDA: Korea Food Drug Administration,
o]a} KFDA)7} 5215t YR8 Aol (digital otoscope)Z}t
195384 ] (tympanometery) S AHE-0HIT

1. Recruitment 2. Screening Test
Orientation g Out Ear Check
Personal Health History Cognition Evaluation
Research Agreement Depression Evaluation
4. Brain Evaluation 3. Hearing Evaluation
Brain Wave - Pure Tone Audiometry
Brain Symmetry Speech Audiometry
‘ 5. Data Analysis ‘
Fig. 1. Research process
Table 1. Test equipment
Equipment ) Maker
(Model) Function (Approval NO.)

Somtech, Korea

(KFDA, #16-4663)

Digital Otoscope

Out Ear Checker
(Dr.camscope)

Tympanometery |Tympanic Membrane| G-S Madison, USA
(GSI 38) Checker (KEDA, #02-344)
Audiometer Hearing Tester Inventis, Italy
(Harp basic) 8 (KFDA, #14-2514)
EEG Brain Wave Panaxtos, Korea
(Neuroharmony S) Tester (FDA, #D332572)

Note) EEG: Electroencephalogram, KFDA: Korea Food Drug
Administration, FDA: Food Drug Administration

22 HRET
2.2.1 LHN AR
AT R AP A, A%, 29N

o, 8, AEF A5, AHE DAt

222 Q8HT

e Ao Y YFEFOIAN 25 A A
o 71 ol /\]"8‘1:4“‘:__.‘ ‘:—“4 S2HLo g
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Fig. 2. Electrode displacement by International 10-20
system (Lee & Weon, 2019) and 2-Channel
system EEG

A=L Fig. 23 o] ZA13 o2 Y4 10-20 A=
Al2"l(International 10-20 system)< ot AT
9] Fpl3} Fp2ofl F&eFATH30]. 3% Hul= 4}
St A Hlo|EHo]AE o]-&5to] X O] AEIE UEHRA
£ Y71% A$(BQ: Brain function Quotient, ©]3}
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9 ju} 7h9] AZ vl&E AFHoR djMsto] At
AR X715 AHE Addold, fEHog ATt
(32]. & AtollA 283 BQE 9] k3t =5
g 4= Q= 7128544 BRQ: Basic Rhythm Quotient,
o3} BRQ), W2 3+ Q9lof| ojgt HA1A, |47 1
Z2LE IulsieE FAEHAXS(ASQ: Anti Stress
resistance Quotient, ©|5t ASQ), F- 2] +3 AJE
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Table 2. The Brain function quotient

Quotient Brain Wave Characteristic
BRQ @ Brain development
ASQ 5. high 8 Physical, Psyf:hologlcal stress,
resistance
CcQ symmetry Brain corelation

Note) BRQ: Basic Rhythm Quotient, ASQ: Anti Stress resistance
Quotient, CQ: Correlation Quotient

2.3 Xi=3

7l B =750 BHRIEelH(brain trainer)
A4S g2teHaudiology) A oh¢] Bl AEHSAr
(audiological specialist) AHAZS 7F] A1A}T H5
ALAE Q] RYFIEE B X3t TR Foll
A S 18 AR E256tdA AR SRl
AT g A8 712 FE gl E o]ad A &2l 5
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H HSE 9] gAz] stlem

, 9T IR F A
AEAEE W B So] &l H71E

ZoH, &214,

W2 7z el YrEE oo obS Shwale
25 X2EeM

2 AFolA 3% A== IBM SPSS/WIN 25.0 &
208 B4 BAsig o, Am B4 thadt Zo]
AASEITE AA, IR QT ALEEHE B4 E 8
HRlo] B2 RIEEA 9 V& BAR BN &
A, ZEF9] A ZE Cronbach €1t A4E E1Is}
Ak AR, 24, AAV)E, Hu X7} JAAE S
2 7+9] AHTA= Pearson’s correlation 2 )5
ot UA, oitaEsEo WE Jd 1 Mg B
v E 5] Yuix] EAHEA(One-way ANOVA)S
oFal, Wtake] APARE Scheffe AFFRAO0R &
]l sttt Ak= ] EAIA FoleE2 *p(.05, *p 012
A7tk

3. &1
3.1 Ytz £4
HE ATHIAS LHrd £ Table 33 2t
Table 3. The general characteristics of subjects
(N=63)
Chiﬁ‘fzgitics Categories n (%)
Male 37 (58.7)
Gender Female 26 (41.3)
A 60< <70 13 (20.6)
ge, year
70< <80 31 (49.2)
+
(76.03+6.91) 80< 19 30.2)
<40 6 (9.5
PTA, dB 41¢_ <55 24 (38.1)
(55.35+£15.09) 56¢ <70 28 (44.1)
71< 5 (7.9
(18.5 232
18.5< 23 20 31.7)
BMI, kg/nt
(23.7+2.9) 23< (25 26 (41.3)
25< 30 13 (20.6)
30< 2 (3.2
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$EAHE, TS, aEeY R AP BY A+

Hliteracy 5 (7.9

Elementary school 6 (9.5

Middle school 11 (17.5)

Educational High school 13 (20.6)
Level

College 2 (3.2

University 24 (38.1)

Graduate 2 (3.2

Normal 8 (12.7)

Mild 4 (6.3)

P]{Zil;h High Pressure 40 (63.5)

Cardiovascular 6 (9.5

Cancer 5 (7.9)

Note) PTA: Pure Tone threshold Average, BMI: Body Mass Index

2 79 k= 9 379, 94 26901, A9
o] BFY EEHE 76.03+6.914A LA &
g ZH PTAS HdT WA= 55.35+15.09dB
2 I 13 7129 HZPo ol & uFch A
% A4(BMI: Body Mass Index)?] B3 EEFHA=
23.7+2.9kg/w2A ZgAZFl 7Pk 27] BAT 5
Fo|r, AENWE o4 28%8(44.4%) 2 118HEA} H|Fo]
EoTE AEH Ae 5 AT vS2 51H(80.9% =
=2 "ol

3.2 R2FE, X5 ¥ HHELM ~F
2, AA7s D FF=n F7 Ak Table
49} 7t} A% A%Ql BDI-I19 Hodt FREA=
13.84+8.6740=2 27] A% 9-& $F0|01, AA]7]
5 AxQ MMSE-K Hwd TE2HAR= 26.65+2.40%

Table 4. The comparison in variables

Variables Electrode M+SD Range
BDI-II - 13.84+8.67 0~63
MMSE-K - 26.65+2.40 0~30
FP1 6.57+1.22 7
AR [Hz] FP2 6.68+1.32 (age:70Q)
FP1 38.02+14.21 <50
AA TVl FP2 37.20£13.74 <50
FP1 13.57£7.09 10
PS [1V]
FP2 14.29+7.31 <10
V] FP1 0.83+0.47 <1
PD
“ FP2 0.86+0.41 <1
Symmetry Fpl, Fp2 41.41+6.11 <50

Note) BDI-II: Beck Depression Inventory-I1I, MMSE-K: Korean
version of Mini-Mental Status Examination, AF: Alpha Frequency,
AA: Alpha Amplitude, PS: Physical Tension & Stress, PD:
Psychological Distraction & Stress

oz A HAF Mol ATt T2yt MMSE-K9] s}

9 FE F FAHFEY 713} s JiHer

FoRS Solstglet. Auks EA4oko] 13t Hut 7]

£ BRQ, ASQ, CQO| 9] X|3EQ] Fmpzemiss, Jupal
S

4 0% 9 AEFHA, G4 AR 9 AEFA,

i)

e & LS FHe=Z EAoHArt

X w351 X3Sl dulsals ARaEIrt §l=dl 7041
o439 dARI;EL 7THzIH|, =] B 6.57+1.22Hz,
¥ B 6.68+1.32Hz2 Ueh} ZRkygoz 219
U ot 9o, 29 X B Ay xEETh ot
W2 folgit duRIES FHY Wy BEHANE
38.02+14.214V, 9% HFd BEHEI= 37.20+
13.74pVE 7123 "AST SA4 2078 4 AEHA
= | Y3d FREARE 13.574£7.094V, 9% B
I FREAE 14.29+7.31uVE 7128 104VS 23
Sto] SAA 717o] 1, AEHAE Ave 8ol E
o] S & & Atk FAFH A W AEHAE F
¥ PHa BE2EAE= 0.83+0.47,V, S+ HaT 23
HA= 0.86+0.414VE 7123k 1V F Y 3o, ¢
9] A At 9 AEHAT AR A Usk
o} 29 A9 B BEEAE 41.41+6.112
7124k 50 o[jollA] Hud =2 £=5Z Btk

3.3 28k, WIS, AMAESH R ISt

A 2AE, AA7)E, AT
JeFelu} 7ke] ATTAIE Table 59 2ol A

=g o

O ~1 X OO0

soict. nHEso] 2 o WS AR ATE Y|
o) AP} W47 ABBAES 2l Siolck by 1

A0} AL JAAEE5H(r=-.481, **p<.001), 2= &
wRFEE(r=-.541, **p<.001), $- FupFa(r=-.550,
“pC.001), 9 A AP B AEFHA(r=.258,
*p(05)% AHBAE ESIT TRy ARe 2=
(r=.188)¢} AA715(r=-.189)% SAZ R [Tt 4
AR Bl A2 &7 &(r=-335, **p(.01)
oF 2] AJAA Ak gl AEFHA(r=-.286, *p{.05)2t F
O# FEEAE EAr JAaEsES 2 ¥ O
(r=.324, *p 0D B(HA FHBAE, F+ B4
AE gl AEFA(r=.-299, *p<.05)9F F1(-)F A
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Table 5. The Correlation between variables

1 2 3 4 5 6 7 8 9
Age MMSE-K  BDI-II WRS AF (L) AF (R) PD (1) PD R)  Symmetry
r (p) r (p) r (p) r (p) r (p) r (p) r (p) r (p) r (p)
1. Age 1
2. MMSE-K 0.1 1
: (137)
0.188 -.335%
3. BDI-II (140) (:007) 1
- 481" 0.147 -0.072
4, WRS (000) (251) (577) 1
-541% 0,085 -0.019 0.194
5 AF M) (000) (510) (885) (127) 1
-550" =017 0.017 0.156 533"
6. AF (® Coo0) (560, (897) (221) (000) !
0.237 -.286* -0.113 -0.217 -0.079 -0.076
7. PD M) (061) (023) (380) (088) (339) (553) 1
258" 0.103 -0.191 -.299* -0.084 -0.1 G4
8. PD (®) (041) (422) (134) (017) (514) 2 R !
-0.044 -0.0 0.067 324" -0.011 -0. 0.112 -0.004
9. Symmetry (735) 5% (.603) (010 (934) 535 (381) (974) 1
Note) r: Correlation coefficient, p: p-value, *p<{.05, *p<{.01, **p<.001

WRS: Word Recognition Score, MMSE-K: Korean version of Mini-Mental Status Examination, BDI-II: Beck Depression Inventory-II, AF

(L): Alpha Frequency, Left, AF (R): Alpha Frequency, Right,
Distraction & Stress, Right
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