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Background and Objectives The association between hearing impairment and cognitive
function has been established in previous studies. The aim of this study was to compare the ef-
fects of conventional hearing aids and middle ear implants on cognitive function.

Subjects and Method  This study included 22 participants who underwent middle ear im-
plantation between October 2013 and September 2016. Their mean age at surgery was 70
years. Using Pure tone audiometry (PTA), the Speech discrimination test (SDT), and the Ab-
breviated Profile of Hearing Aid Benefit (APHAB) questionnaire, we compared audiologic
benefits of three conditions [without hearing aids, with conventional hearing aids, or with Vi-
brant Sound bridge (VSB)]. Cognitive ability was evaluated using neuropsychological testings
(Seoul Neuropsychological Screening Battery) at intervals of approximately eight weeks.
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Fig. 1. Gender and age of the experimental group.
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Table 1. Demographic data of control and experimental groups performed before this study

Control group Experimental group p-value*
Number (female) 20 (1) 20 (2) 0.649
Age (years) 68.9+4.7 70.1£6.3 0.437
Education 7.1£22 7.2+47 0.487
K-MMSE 24.7+3.2 23.5+5.8 0.338
CDR 0.9+1.9 0.9+5.1 0.598
SOB 2.5+4.7 2.9+2.1 0.344
Barthel 20.0+0.0 20.0£0.0 0.766
GDS 5.6+3.2 44+7.8 0.286

Data are presented as mean +standard deviation. *Mann-Whitney U test was used for continuous variable and chi-square test
was used for categorical variable. K-MMSE: Korean Mini-Mental State Examination, CDR: Clinical Dementia Rating Scale, SOB:

Sum of box, GDS: Geriatric Depression Scale
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Table 2. Twenty-four items of Abbreviated Profile of Hearing Aid Benefit

Ease of communication

1. When | am in a crowded grocery store, talking with the cashier, | can follow the conversation.

2.1 miss a lot of information when I'm listening to a lecture.

3. Unexpected sounds, like a smoke detector or alarm bell are uncomfortable.

4. | have difficulty hearing a conversation when I'm with one of my family at home.

5. I have trouble understanding dialogue in a movie or at the theater.

6. When | am listening to the news on the car radio, and family members are talking, | have trouble hearing the news.
Reverberation

1. When | am at the dinner table with several people, and am trying to have a conversation with one person, understanding
speech is difficult.

2. Traffic noises are too loud.
3. When | am talking with someone across a large empty room, | understand the words.
4. When | am in a smalll office, interviewing or answering questions, | have difficulty following the conversation.

5. When | am in a theater watching a movie or play, and the people around me are whispering and rustling paper wrappers,
| can still make out the dialogue.

6. When | am having a quiet conversation with a friend, | have difficulty understanding.
Background noise
1. The sounds of running water, such as a toilet or shower, are uncomfortably loud.
2. When a speaker is addressing a small group, and everyone is listening quietly, | have to strain to understand.
3. When I'm in a quiet conversation with my doctor in an examination room, it is hard fo follow the conversation.
4.1 can understand conversations even when several people are talking.
5. The sounds of construction work are uncomfortably loud.
6. It's hard for me to understand what is being said at lectures or church services.
Aversiveness
1.1 can communicate with others when we are in a crowd.
2. The sound of a fire engine siren close by is so loud that | need to cover my ears.
3. | can follow the words of a sermon when listening to a religious service.
4. The sound of screeching tires is uncomfortably loud.
5.1 have to ask people to repeat themselves in one-on-one conversation in a quiet room.
6. | have frouble understanding others when an air conditioner or fan is on.
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Fig. 2. The 4 frequency-pure-tone hearing average of pre-OP, HA
and VSB in the experimental group. The error bars indicating
standard deviation. *statistically significant, p<0.05. 4f-PTA: 4 fre-
quency-pure-tone hearing average, pre-OP: pre-operation (with-
out HA), HA: hearing aid, VSB: vibration sound bridge.
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Fig. 3. Speech discrimination scores of pre-OP, HA and VSB in the
experimental group. The error bars indicating standard deviation.
*statistically significant, p<0.05. pre-OP: pre-operation (without
HA), HA: hearing aid, VSB: vibration sound bridge.
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Fig. 4. APHAB score of pre-OP and post-OP in the experimental
group. *statistically significant, p<0.05. The error bars indicating
standard deviation. pre-OP: pre-operation (with HA), post-OP: post-
operation (with VSB), HA: hearing aid, VSB: vibration sound
bridge, APHAB: abbreviated profile of hearing aid benefit, EC: ease
of communication, RV: reverberation, BN: background noise, AV:
aversiveness.

Effects of MEI and Hearing Aid on Cognitive Function I Kim CD, et al.

score”} 24537, AF-50] & 59 - APHAB scorex=
20.53%], =L 78 (benefit score)= 4OOX4°] Qck 253
49 GtaE FEollde AEFol soa 49| et APHAB
score”} 223274, Qlg-=o] o 59 ﬁﬂ;ﬁ’- APHAB score+
194274, W= X*—’F(beneﬁt score)“ 2.80% 0|9l om & Ag
of| thgk 3Rt 520 A9 5ol = %9 Wt APHAB
score= 18.634, ¢l&-50] & 9] Wit APHAB score”}
17.164, W% H<(benefit score)~= 1.4780]3ic)

& 2E T 4 (paired T-test)2 AlH5IALS wf, U491
OJAfAE B, HERFSol A9 4*}/\5 R % B i

A B ATF0| 4% F U
sHAl 7kt e
<0.0001, reverberation: p=0.0002, background noise:
p=0.0061). SFATE T Aol et &3 5] 7
Fol % T WEES} GO, BAROE fojulat
ZJol= ofYitHaversiveness: p=0.2165)(Fig. 4.

i

L}E]"Xf‘:}(ease of communication: p

Ao 0|z

AN )
B AT oAt 229 wE APHeaAE NSt
AS3HAeE K

State Examination A5olA& Qla-50

ESES HHE 3 2B orean Mini-Mental

12 289 A4S B

Table 3. Comparison of neuropsychological tests between control group and experimental group, at 0 week and 8 weeks

Control group

Experimental group

Neuropsychological tests Wesro Wesrs Week 0 (HA) Week 8 (VSB) p-valuet
Digit forward 3.70+£0.95 3.50+0.97 3.40+0.52 4.40+1.07 0.044*
Digit backward 4.80+1.32 5.20+£0.92 3.60+£0.84 5.00+1.33 0.048*
K-BNT 47.63+8.24 48.38+8.70 35.20+7.84 48.00+6.57 0.037*
SVLT immediate recall 13.79+6.18 16.60+5.38 12.20+3.79 16.30+6.04 0.511
SVLT delayed recall 2.89+2.33 3.50+2.92 2.20+2.25 4.39+3.10 0.154
RCFT copy 32.15+6.37 32.55+6.58 24.40+7.78 29.65+10.30 0.132
RCFT immediate copy 10.70£8.50 12.00£9.61 7.70£7.11 11.40£8.56 0.423
RCFT delayed copy 10.45+8.37 12.35+10.33 7.40+7.21 11.05+8.50 0.549
Contrasting 20.00+0.00 20.00+0.00 20.00+0.00 19.80+0.63 0.331
Go-no-go 14.30+5.38 13.50+5.44 11.80£4.92 16.69 +4.47 0.008*
Fist-edge-arm 1.25+0.46 1.25+0.46 1.67+0.52 1.50£0.55 0.678
COWAT animal 12.80+3.94 11.80+£4.32 10.40£2.72 11.90£3.28 0.147
COWAT supermarket 12.81+7.21 13.40£5.04 10.40+4.09 12.20+3.30 0.515
COWAT phonemic 21.60+£11.58 23.59+12.23 16.00+£4.16 21.69+8.20 0.142
K-MMSE 25.7+3.06 25.10£3.11 23.8+3.86 25.90+3.67 0.066*
CDR 0.70£0.26 0.70£0.26 0.80+0.26 0.55+0.28 0.038*
SOB 2.40+2.47 2.30+£2.36 4.00£2.21 2.25+2.14 0.045*
GDS 5.70+2.63 5.70£5.19 7.80+7.00 6.50+6.35 0.264

Data are presented as mean =+ standard deviation. =statistical significance between HA and VSB in the experimental group (o
<0.05), trepeated measures of General Linear Model was used. K-BNT: Korean version of the Boston Naming Test, SVLT: Seoul Ver-
bal Learning Test, RCFT: Rey-Osterrieth Complex Figure Test, COWAT: Controlled Oral Word Association Test, K-MMSE: Korean
Mini-Mental State Examination, CDR: Clinical Dementia Rating Scale, SOB: Sum of box, GDS: Geriatric Depression Scale, HA: hear-

ing aid, VSB: vibration sound bridge
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