Check for

updates
Review Korean J Otorhinolaryngol-Head Neck Surg 2021;64(2):47-69 / elSSN 2092-6529
https://doi.org/10.3342/kjorl-hns.2020.00682

Auditory Function Testing for Types of Dementia:
Systematic Reviews and Meta-Analysis

Sihun Park"? , Woojae Han"> , Tae Hoon Kong“’5 , Young Joon Seo™’ y
Jaehyun Han®®), and Tae Hui Kim’

'Laboratory of Hearing and Technology, College of Natural Sciences, Hallym University, Chuncheon, and

*Division of Speech Pathology and Audiology, College of Natural Sciences, Hallym University, Chuncheon; and
’Research Institute of Audiology and Speech Pathology, College of Natural Sciences, Hallym University, Chuncheon; and
‘Department of Otorhinolaryngology-Head and Neck Surgery, Yonsei University Wonju College of Medicine, Wonju, and
’Research Institute of Hearing Enhancement, Wonju; and

°Department of Psychiatry, Yonsei University Wonju College of Medicine, Wonju, Korea

A BAZ S B2 AAY AAH £ 0F © e B4

SE - FeA - FHEY - AGEY - B4R
sreleheha Ahlatsiehal HearT @A, dloj gz’ 3
% =

ﬁ ! = =
AL Q5olatdst ofu|latsknal

N
;

It is acknowledged that there is a negative relationship between dementia and auditory function
in older adults. This study conducted a systematic review and meta-analysis based on the data
of audiologic testings from patients with neurodegenerative diseases in terms of auditory event-
related potentials and central auditory processing tests, while focusing on Alzheimer’s disease
(AD), dementia with Lewy bodies (DLB), and Parkinson’s disease dementia (PDD). A total of
34765 articles were retrieved from the seven electronic databases. After being screened by Par-
ticipants, Index test, Control, Outcomes, Study design (PICOS) criteria, 129 articles for AD
were included and then 72 articles were applied to the meta-analysis. However, five and six ar-
ticles were systematically reviewed for the auditory functions of DLB and PDD, respectively,
due to a small number of articles. The results of meta-analysis showed a significant difference
between patients with AD and age-matched normal subjects, for N200 and P300 latency, P300
amplitude, and the behavioral central auditory processing tests, although there was a high het-
erogeneity. On the other hand, the systematic review indicated that the results of mismatch
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Table 1. Participants, Index test, Control, Outcomes, and Study designs (PICOS) strategy used in the study

PICOS

Contents

Participants

Clearly mentioned as an Alzheimer disease or Parkinson’s disease dementia or Dementia with Lewy bodies
All the audiological testing (i.e., Speech perception, Speech recognition, PTA, OAE, ABR, AMLR, ALR, etc.)

Index test

Control Comparison with a control group or repeated measures
Outcomes Outcome measure(s) related to audiological testing results
Study design

Randomized controlled trials, non-randomized controlled trials, cohort studies (with a control comparison), and

repeated measures (pre- and post- comparisons)

PTA: puretone audiometry, OAE: otoacoustic emission, ABR: auditory brainstem response, AMLR: auditory middle latency re-

sponse, ALR: auditory late latency response
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(n=137)
> Failed PICOS (n=8860)
E - Participants criteria (n=905)
)
] - Not the audiological testing (n=1482)
- Not written in English (n=1881)
L i - Pilot data (n=106)
| S— .
P— \ 4 - Review paper (n=831)
DLB PDD AD - Conference abstract (n=344)
5 studies included 6 studies included 129 studies included - Case study (n=218)
in qualitative in qualitative in qualitative synthesis - Animal study (n=422)
synthesis synthesis * CAPD test (n=10) - Irelevant OCMs (n=2671)
* ERP (n=3) * CAPD test (n=1) ¢ PTA (n=10) - Grey literature (n=0)
* Auditory word ¢ ERP (n=3) * ERP (n=78)
ko]
% recall (n=2) * Auditory word * Word recognition
(—3) recall (n=2) (n=20)
c
- * Sentence recognition
(n=12)
* Auditory working
memory (n=15)
* Sound detection (n=4)
— Full-text articles excluded by the below reasons
(T
(n=57)
»
v v v Failed data suitability (n=26)
DLB PDD AD - No standard deviation (n=5)
5 studies included 6 studies included 72 studies included - No specific data presented (n=11)
in systematic review in systematic review in meta-analysis (also - Correlation analysis between tests (n=3)
(also included the (also included the included the case of - Mixed data of participants (n=3)
case of multiple case of multiple multiple data in one - Only presented overall data (n=4)
@ datain one article) data in one article) article)
(—E * N100, P200, N200, * N100, P200, N200 * N100 latency (n=10) Failed number of articles (n=31)
< P300 lafency (n=2) latency (n=1) * P200 latency (n=12) - P100 amplitude, P100 latency, N100 amplitude,
* P300 amplitude * P300 latency (n=2) * N200 latency (n=13) P200 amplitude, N200 amplitude, MMN latency,
(n=1) * MMN area, * P300 latency (n=42) MMN amplitude, Pa/Pb, PTA, ABR
* MMN areaq, amplitude (n=1) * P300 amplitude (n=31)
amplitude (n=1) * CAPD test (n=1) ¢ CAPD fest (n=8)
* Auditory word * Auditory word « Digit forward (n=12)
recall (n=2) recall (n=2) * Digit backward (n=13)
* Auditory word recall
(n=15)
-

Fig. 1. Flowchart of the study identification, eligibility, and inclusion process based on the Preferred Reporting ltems for Systematic Re-
views and Meta Analyses (PRISMA) criteria. PICOS: Participants, Index test, Control, Outcomes, Study design, DLB: dementia with Lewy
bodies, PDD: Parkinson's disease dementia, AD: Alzheimer's disease, ERP: event-related potential, CAPD: central auditory processing
disorder, PTA: puretone audiometry, OCM: outcome, MMN: mismatch negativity, ABR: auditory brainstem response.
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Table 2. Summary of meta-analysis results for 72 articles in Alzheimer’s disease and Egger’s regression

Effect size and 95% ClI

Homogeneity tests

Characteristic Studies  Standard Lower Upper a
means diff limit [imit P Q of (@) P l
N100 latency 12 0.672 -0.051 1.395 0.069 153.733 9 <0.001 94.15
P200 latency 10 0.129 -0.131 0.389 0.331 28.448 11 0.003 61.33
N200 latency 13 1.144 0.475 1.813 0.001 164.962 12 <0.001 92.73
P300 latency 42 1.220 0.936 1.504 <0.001 482.119 41 <0.001 91.50
P300 amplitude 31 -0.595 -0.907 -0.284 <0.001 358.502 30 <0.001 91.63
CAPD 8 -1.299 -1.512 -1.086 <0.001 8.091 7 0.325 13.49
Digit forward 12 -0.659 -0.918 -0.399 <0.001 19.162 11 0.058 42.59
Digit backward 13 -0.901 -1.179 -0.624 <0.001 24.852 12 0.016 51.71
Auditory word recall 15 -2.308 -2.767 -1.848 <0.001 339.334 14 <0.001 95.87
. Standard Lower Upper p p
Egger's regression Intercept o . . . df f-value
error limit limit (1-tailed)  (2-tailed)
N100 latency 12.199 3.047 5.617 18.781 0.001 0.002 13 4.004
P200 latency -0.678 2.423 -5.912 4.556 0.392 0.784 13 0.280
N200 latency 6.772 2.586 1.226 12.319 0.010 0.020 14 2.619
P300 latency 6.089 1.067 3.959 8.219 <0.001 <0.001 67 5.706
P300 amplitude -6.934 1.576 -10.093 -3.775 <0.001 <0.001 54 4.401
CAPD -3.461 0.700 -4.932 -1.990 <0.001 <0.001 18 4,943
Digit forward -2.997 2.715 -9.047 3.054 0.148 0.296 10 1.104
Digit backward -4.315 2.510 -9.840 1.210 0.057 0.114 11 1.719
Auditory word recall 2.671 1.538 -0.528 5.870 0.048 0.097 21 1.736

Cl: confidence interval, CAPD: Central auditory processing disorder
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Fig. 2. Mean comparison between Alzheimer’s disease and age matched groups plotted by 74 articles included in the meta-analysis.
Latency auditory evoked potential (A), amplitude auditory evoked potential (B), central auditory processing tests (C), ear side of panel C

(D), digit span (E), auditory word recall (E).
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o] Fglo, F1t A719] o]AAde] ERI=ATHSMD=0.069,
95% CI=-0.285 to 0.424, p=0.702; 1’=55.69%). 1000/2000 Hz
AetollA 7 & &3t 271 ®92m(SMD=0.185, 95%
CI=—0.081 to 0452, p=0.173), 21 tF-2-2 & 250/4000 Hz2]
A=+ ATH(SMD=0.089, 95% CI=-0.549 to 0.728, p=
0.784), 800 Hz @ A=-5 At o2 geleglot ne
FARHCR FolgkA] UTHSMD=-0.415, 95% CI=-1.234
to 0.403, p=0.320).

N200 latency

N200 #&719] mel 242 1372] EFlo|A & 1671<] ©
olElE & ¥ Aok &4 16709 HlolE9] Ht2
Fig. 2A0l AAEATHAD mean: 283.05+31.66 ms, control
mean: 246.85+20.45 ms). Egger's 37| B|thA EAo|A &
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wgko] YR tHintercept=6.772, SE=2.586, p=0.010). &
Yo &2 N200 fHE7]of §2lgk zfolE Bl oU(SMD=
1.144, 95% CI=0.475 to 1.813, p<0.001), =& o]Ao &
Il A= ol whE ¥h-g-o] HE7|E okt BAo R A
AlSFATHI*=92.73%). E3HE 16712] ol 2% 4o
1000 Hz, %2 2000 Hz-S AH&-315it)

Shet 24l A8 16709 HlolE|(H|olEl<)= Cz(9/16),
Pz(2/16), Fz(5/16)¢] A=91x]ollA SA=]9.0H, 5ol =
A& AdPstosolE =2 ola/do] ERIETHSMD=1.930,
95% CI=0.594 to 3.267, p=0.005; 1’=90.97%). Z} &}
A3} A7)= Fz(SMD=3.281, 95% CI=1.539 to 5.023, p<
0.001), Pz(SMD= 2.084, 95% CI=1.027 to 3.141, p<0.001),
Cz(SMD=0.911, 95% CI=0.131 to 1.691, p=0.022)2] &0 2
UERY, Fz $1R1914 248 N2002] #7171 AD Skl
o2t 1H] atolE WekslA Kol Ao = SRIE|SiTh

P300 latency

P300 ZH27]9] we} 248 427)9] E3lo] EghE|glom,
% 69712 dlolEj7F AFSEIIT 23 69709 dlolE it
o 2 =34 249 37 Fig. 2A0] AASFATHAD mean:
410.22+40.80 ms, control mean: 366.46+25.98 ms). P300
AE719] wer B4 Ao f-olgt Zfo|7h ERIE %A
THSMD=1.220, 95% CI=0.936 to 1.504, p<0.001), ©]&4
T3} =7 SelEQrH(I’=91.50%). & HFFE ZA51317]0
(intercept=6.089, SE=1.067, p<0.001), A+=2 FFo} A=
AR w2 BhPIt A4S A3kt

S A AAISHe] of= A o] o] S AR A,
o|Ad2 oHs] U HFHAL (SMD=1.315, 95% ClI=
0758 to 1.872, p<0.001; 1’=86.52%), A+=+-& (SMD=0.960,
95% CI=0.261 to 1.659, p=0.007; I’= 86.52%)]. A= J=]o||
w2 59 Aol Z3HE 697112 HlolE FoflA] Falo)A]
T2 ARgE A delEH4)?] Cz(26/69), Fz(15/69), Pz
(25/69)¢] A& vpgho & vjwstelty. M= Ao uhE &
1} 27 P2(SMD=1.332, 95% CI=0.974 to 1.690, p<0.001),
Fz(SMD=1.096, 95% CI=0.745 to 1.446, p<0.001), Cz(SMD=
1.332, 95% CI=0.974 to 1.690, p<0.001) &= & Ueh} P22
A= $1RelA AD bt it 7he) P300 E719] b
o7} 7H4 A &l St

AFgo mh2 shefat Aol gk dlojgfe] A5 &
S2(dlo]El4) = 1000/2000 Hz(57/69), 1601/402 Hz(1/69),
250/4000 Hz(1/69), 500/1000 Hz(3/69), 750/2000 Hz(3/69),
980/1970 Hz(1/69), 5=2H1/69), A= dlolE ¢l-3(2/69) 2.2
kRt 2 =2 5kel 159 21 A7) ot Aok
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1000/2000 Hz(SMD=1.334, 95% CI=1.089 to 1.580, p<
0.001), 1601/402 Hz(SMD=0.450, 95% CI=-1.479 to 2.380,
p=0.647), 250/4000 Hz(SMD=0.887, 95% CI=-0.916 to 2.690,
p=0.335), 500/1000 Hz(SMD=0410, 95% CI=-0.630 to 1451,
p=0.439), 750/2000 Hz(SMD=1.236, 95% CI=0.210 to 2.263,
p=0.018), 980/1970 Hz(SMD=-1.189, 95% CI=-3.106 to 0.728,
p=0.224), 5=2AHSMD=3.687, 95% CI=1.276 to 6.097, p=0.003),
A=+2 dlojg §1-&(SMD=1.108, 95% CI=-0.162 to 2.378,
p=0.087).

P300 amplitude

P300 AE9] we} 248 317]1] Ealof|A & 56712
olEj7} 3= |QI). 5670<] dHlolele] B2 Fig. 2Bof A4
Sl i 21(8.69+3.54 uV)oll Hl3] AD FAF£2] P300 A
EYF-2 6391348 uVE 2t wep £ Ayt p300 71
Z9] foJgt zfol7l BlE|Q) ok SMD=-0.595, 95% Cl=
-0.907 to ~0.284, p<0.001) -2 o]&Ao] FIE|I(I’=
91.63%), &3 H3F E3F ZA31 TH(intercept=—6.934, SE=
1.576, p<0.001). P3009] %1% SJA] =2 oA o & Qlalf A
= YRt A=29] shlt BAS AAlsHTE

SFIE w4 AA| ol o W3] w2 ool TEEG)
CHAZIA]: (SMD=-1.036, 95% Cl=-1.594 to -0.477, p<
0.001; I’=88.15%), A=+ (SMD=-0.844, 95% CI=-1.526 to
-0.162, p=0.015; I’=88.15%)]. A= $JA]o]| W2 3}9j- H-A4]
© g C3(SMD=-2.922, 95% CI=-5.025 to —0.819, p=0.006),
C4(SMD=-2.658, 95% CI=-4.733 to -0.584, p=0.012), FCz
(SMD=-0.468, 95% CI=-2.423 to 1.486, p=0.639), Oz(SMD=
-2.733, 95% CI=-4.648 to —0.818, p=0.005)+= z}Z} 3t 7|9
dlojelTto] &u]o] A0 R AHARI vt o]
et webs, A= IRIH OB 9= Cz(19/56), Fz(12/56),
Pz(21/56)2] A7} v wE|gie}. M= f]of whE 51} 27
L Cz(SMD=-0.698, 95% CI=-1.135 to -0.261, p=0.002),
Pz(SMD=-0.696, 95% CI=-1.110 to -0.283, p<0.001),
Fz(SMD=-0.593, 95% CI=-1.139 to -0.047, p=0.033)2] &=
© 2 3RRIEle], Czo] A= YXollA AD $HAptat o2 1F
9] P300 z12£9] 2po|7} 71 AA| HEftT

A5 Ht Aol 23 glolE (d]o]E42)+= 1000/
2000 Hz(43/56), 250/4000 Hz(1/56), 500/1000 Hz(2/56),
750/2000 Hz(3/56), 800/1200 Hz(3/56), 980/1970 Hz(1/56),
A= dlolE §la-3/56)0130tk ohelt A9 &t A7)
A= 1000/2000 Hz(SMD=-0.736, 95% CI=-1.036 to
-0.436, p<0.001), 250/4000 Hz(SMD=-0.240, 95% Cl=
-2.166 to 1.686, p=0.807), 500/1000 Hz(SMD=-0.633, 95%
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CI=-2.010 to 0.745, p=0.368), 750/2000 Hz(SMD=-0.217,
95% CI=-1.315 to 0.881, p=0.699), 800/1200 Hz(SMD=
-2722, 95% CI=-3.957 to -1.487, p<0.001), 980/1970 Hz
(SMD=-0.468, 95% CI=-2.484 to 1.548, p=0.649), A=<
Hlo]E $1-S(SMD=-0.636, 95% CI=-1.748 to 0.476, p=0.262)

TR RHAL viE P

SR NHAR= 87119 w3o] 3= - 20719 H|
olE|7} wlet EAofl AHE|9ITE 20702 HlolE Hat-2 Fig.
2Co] AAISFITHAD mean: 61.20£20.15%, control mean:
90.03+10.41%). ZU|E7%, Fig. 2DoA+= AD EA}+2] -
= 9] $3=o] 66.36+19.78%F 01, tl2T-2 90.49+11.58%
of e uylrk 22 A syl Fk S AD FAEo)
55.39+22 46%Q1L, 272 91.15+10.32%=, AD A}
242 7] o] S-2 7)ol Hla) oF 10% Wokch F2 A
S8 Bt AD Aol 58.70+10.60%, o] 83.30
+1.41%= ZA=|3Ac

Hel A Ao A FofRt Zfol7h ERlE Sl e (SMD=
-1.299, 95% CI=-1.512 to -1.086, p<0.001), o]AA = Fefct
(’=13.49%). ZHHF-L EA5H= 22 2RI 0cKinter-
cept=-3.461, SE=0.700, p<0.001). WE} E-4o] e go]
E(Hlo]El4) 9] HAR= o] &5AgF (dichotic digits)(6/20),
O] B EA | (dichotic sentence)(2/20), &4t ¥l (duration
pattern)(1/20), S5~ (pitch pattern)(1/20), Synthetic
Sentence Identification message—-to—competition ratios
(SSI/MCR) +10(2/20), SSI/MCR 0(2/20), SSI/MCR -10
(2/20), SSI/MCR —20(2/20), Synthetic Sentence Identifica-
tion test with contralateral competing message(1/20), Syn-
thetic Sentence Identification test with ipsilateral com—
peting message(1/20)0] Z=3lom, s3Els S47 7
(HlolEl)= F5(2/20), 2H5(8/20), +-=(10/20)0]13H

%A} Z(Digit span) FHAF

S22} w2 wheksl|digit span forward)2] WEl HAjo]
e 2o 12709k 25 12719 dglojg] H-S AD ¥
0] 6,09+0.529131, tiZto] 7.08+0.800]tHFig. 2E).
S} viE mekslr| o] Wep B4 AbolA] f-2jgt 2pol7t &
1%|9 1 (SMD=-0.659, 95% CI=—0.918 to —0.399, p<0.001),
Z2t3719] o]@AJo] FRIE|UTHI’=42.59%). T+, ETHH)
2 ZA5HA] Y= Ao 2 9l tHintercept=-2.997, SE=



2715, p=0.148). 3F9]t B4 AL F57oll sl AAI=%e
o, AAF Z 7 olE9) = A48 X5 HAHWechsler Adult
Intelligence Scale-Revised, WAIS-R)(6/12)2] A=Fsl= 2
kol 2 S22} =3 (6/12)0] Shte 2 QI

ArE 5ol W ohelt A A= 23 Y At
vi2 welsly] efeoA] 24zt 2F 7|49 ol Halk
o] o)A A= FUSIATHSMD=-0.660, 95% CI=-0.926
to —0.394, p<0.001; I’=42.59%). 5+j=-2] 7HE =l Ao
A &Y 37]9] Zpol= AiF o E WAIS-RO| £9ko™
(SMD=-0.747, 95% CI=-1.135 to -0.358, p<0.001), Ad3]
o o] -AS BATHI’=2.53%). ¥, Fd) A} Y
=2 o]FAS HYTHSMD=-0.583, 95% CI=-0.949 t
-0.218, p=0.002; I’=61.96%).

A} 741%:‘& u}2}5}7](digit span backward)] WE} EA]of]
25k 32 137olch =3k 137 dHlol"e] et AD
ERHLO] 406+0.59, tjzto] 5.37+0.729H(Fig. 2B). &
HHIFL Q= Ao 7 T 5104 Or(intercept=—4.315, SE=
2.510, p=0.057), Mg} 4] Ait= gt 2fol7} ZIE|S]
a1 F7k=719] o)A o] ERRIEITHSMD=-0.901, 95% CI=
-1.179 to -0.624, p<0.001; I’=51.71%). AAFEF(EloElS)
of mE 3}t A4S sl WAIS-R(6/13), Zf| 52} =33
g(7/13)0] ot 2 EIE|QITE 3F9E 249 oA
A vi2 whetslr|9b U sk tHSMD=-0.904, 95% Cl=
-1.190 to -0.617, p<0.001; I’=51.71%). -4 A1k WAIS-R
o a1} =77} Fof sexb S SRIg avf 27|t
AfA o g2 o =24 UePdtHWAIS-R: (SMD=-0.983, 95%
CI=-1.419 to -0.548, p<0.001; I’=42.01%), &t} <A 53
: (SMD=-0.843, 95% CI=-1.223 to -0.462, p<0.001; I’=
61.65%)].

_|\I

F cho] 314 Auditory word recall) HAF
97F ool 3|4 AR wjgp 242 1579 E3A &
23709] dlojel7t ZE|QIct &5 23719 dlold it
AD ¥R}o] 3.52+6.700]191 0, thRF-2 9.06+8.085 K
Ach(Fig. 2F). H|e} 24 Aat, g7} dho] 3)4dakA| 9] f-2jgt
2o 7} el E|9] O LH(SMD=-2.308, 95% CI=-2.767 to —1.848,
p<0.001) &2 o2 o] FQlE|Q) o(1°=95.87%), Z T
E3F 22519 cHintercept=2.671, SE=1.538, p<0.048), =&
ojdg o & Qlal| I ol thgt A AT} FAE-] 5F9)E
A AR
SRt A AAISke] o] dAdo] YR A= UAIRE oA
5] o] &S A YebdTHE o tiRE 2|97k (SMD=
-2.267, 95% CI=-3.264 to —1.269, p<0.001; 1’=91.96%), %
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AR (SMD=-1.880, 95% CI=-2.911 to -0.850, p<0.001;
1’=91.96%)1. 3ol gt A AAZHHoJElp)of| w}2 o}l
Ao 9IS FAIZQ] AR ZIAEHA] o A3
38/23), S8/ (3/23), B71A AV (6/23), D71A A2
6/23)¢] F 23711] HlolE7} 223 4719 o= WSl
i Ao a3 37)= A7 ASAHSMD=-3.277, 95%
CI=-3.717 to -2.837, p<0.001), G7| X AFJAHSMD=-3.257,
95% CI=-3.697 to —2.818, p<0.001), AAZAHSMD=-2.296,
95% CI=-2.745 to —1.846, p<0.001), SA|34HSMD=-0.222,
95% CI=-0.973 to 0.529, p=0.563)s=2.2 B3I =|Qic),

31912 BAo) ZRHE FAHETO] SRS AelE
Yo} &lo] k5 AAKCalifornia Verbal Learning Test, CVLT)
(5/23), o] Az} 1o g5 HAKRey Auditory Verbal Learn—
ing Test, RAVLT)(2/23), %87} ¢10] 353 AH Auditory-Ver-
bal Learning Test, AVLT)(11/23), Bzldlu]o} ¢lo] s+ 7]
AH(Philadelphia Verbal Learning Test, PVLT)(1/23), *J!—Sﬂi
A5 HAH2/23), Battery of Cognitive Assessment Instru-
ments developed by World Health Organization(WHO-
BCAD(2/23)°131tk. 2 Aol gt &3} 27]= A7} <lof
SHEAAHSMD=-2.953, 95% CI=-3.216 to -2.691, p<0.001),
| o} 1] sh5 HAKSMD=-3451, 95% CI=-3.927 to
-2.975, p<0.001), Hefdujo} o] sk HAHSMD=3.381,
95% CI1=2.068 to 4.694, p<0.001), o] Az}t Hof skG5HAF
(SMD=-1.884, 95% CI=-2.645 to -1.123, p<0.001), Y&
2% AXHSMD=-1.511, 95% CI=-2.281 to -0.741, p<0.001),
WHO-BCAI(SMD=-2.299, 95% CI=-2.951 to -1.646, p<
0.00D)E gel=|glck

DLB 99] 32t 7155 S1% AAS A7 2ot 24
DLB ﬂx} Ao 2 A7t S AR BRE oA
A} 2 BRE Eyelel V12 SUHI, £69 -
o) 353} m} =] o)y oz I3 Het £A42] A4zt
S ANS T 2

Bbsstol AAN AT An 24 A
of Tt ZbAlek -2 Table o] £1oF

A FHEA9] A4

Bonanni 592 27| AD $x}2} DLB 212 o] & 3
A5 7]9H-8-(N100, P200, N200, P300)S £3) gHelstsict
7t diiAlZE ADSF DLB 33 AA) 91215 Ad =
9l gjzto] ESHE| Ik A7) A= N100Z P2007+He]
A7), AE7Ee] Zfol= ERIE 4= §1%1aL, N2002+ P3007t
O] FHE7 = AR At ot Pz%% A7} Hepst o=
0.6~0.7). tj22] A3E 7|02 183k P3002] AFthA
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Table 3. Summary of 5 studies for patients with dementia with Lewy body in terms of participants’ characteristics, measurements, and outcomes (continued)

QOutcomes

Measurements

Participants

Study

Conditions

Stimuli

Word fluency test (WFT),

Control Characteristics

Number, age and sex

AVLT-immediate recall

Subjective measurements

Education (year)

Maeshima, Number of participants DLB group:

etal?

DLB: 15.3+7.1 healthy elderly conftrol:

33.4+7.5
AVLT-delayed recall

auditory-verbal learning test
(AVLT), Raven's Coloured

9.7+2.1
Healthy elderly
control

MMSE

DLB=

patients with DLB
Healthy elderly

DLB=3
32

HC
Age (mean+SD)

DLB: 0+0 healthy elderly control:

4.91+£3.34

Progressive Matrices (RCPM),
state-trait anxiety inventory

(STAI), self-rating depression
scale (SDS), category-based

(CWFT), letter-based (LWFT)

10.2+£2.9

control group:
healthy elderly
participants

75.0+8.7
Healthy elderly
confrol

Sex (M:F)

DLB

14.7+5.7

DLB=

Healthy elderly
control

72.5+4.7

27.8+1.6

N/A
Number of participants Placebo group:

Immediate word recognition test [overall

change, LS means (CI)]

Simple reaction time test, Subjective measurements

MMSE

Wesnes,

choice reaction time test,

Placebo group

no therapeutic

DLB=21
Age (mean+SD)

etal”

Placebo: -5.48 (-14 to 3.1)

immediate word recognition

test, delayed word
recognition test

20.8+3.7
Memantine

group (including
16 PDD, 8 DLB
patients)

Memantine: 8.73 (0.9 to 16.6)
Delayed word recognition test [overall

change, LS means (CI)]

Placebo group
762+4.8
Memantine

20.4+3.6

Duration of PD before
onset of dementia

group

Memantine
group:

Placebo: 0.77 (-8.5 to 10)

=76.1+6.5

group
Sex (M:F)

Memantine: 16.41 (8 to 24.8)

Placebo group

therapeutic
18:6 group (including

52+3.7
Memantine

Placebo group
Memantine

6 PDD, 6DLB

patients)
DLB: dementia with Lewy bodies, PDD: Parkinson's disease dementia, PD: Parkinson's disease, AD: Alzheimer’s disease, HC: health control, MMN: mismatch negativity, MMSE:

Mini-Mental State examination

=4.6+3.7

group

=6:6

group
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Table 5. The audiological tests having significant differences when comparing the normal control group with health cognition

Auditory event-related potentials

Central auditory processing tests

Digit Digit Auditory
N100L P200L N200L P300L P300A MMN CAPD test
forward backward word recall
AD X X 0 0 0 N/A 0 0 0 0
DLB X X 0 0 0 Sig. b/t two N/A N/A N/A 0
PDD X X X 0 N/A groups 0 N/A N/A N/A

L: latency, A: amplitude, N/A: not applicable, MMN: mismatch negativity, CAPD: Central auditory processing disorder, AD: Al-
zheimer's disease, DLB: dementia with Lewy bodies, PDD: Parkinson's disease dementia, 0: significance, x: no significance, N/A:

not applicable due to no test results
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] Appendix 1 [J

The meta—analysis results for components of event—related potentials
A: N100 latency, B: P200 latency, C: N200 latency, D: P300 latency, E: P300 amplitude

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Valuep-Value
Tsolaki, et al., 2017" Combined 0.125 0.218 0.048 -0.303 0.553 0.573 0.567
Tarkka, et al., 2002” Cz -0.415 0.243 0.059 -0.891 0.060 -1.711 0.087
Vandoolaeghe, et al., 19987 Cz -0.830 0.337 0.114 -1.490 -0.170 -2.463 0.014 .
Yamaguchi, et al., 2000" Cz 0.212 0.345 0.119 -0.463 0.887 0.615 0.539
Sumi, et al., 20007 Pz 0.024 0.235 0.055 -0.436 0.484 0.103 00918
Muscoso, et al., 2006” Pz 0947 0235  0.055 0.487 1407 4.035 <0.001 B
Masanaka, et al., 2005" Pz 0.268 0.367 0.135 -0.451 0.987 0.731 0.465
Lai, et al., 2010” Cz -0.052 0.349 0.121 -0.735 0.631 -0.149 0.881
Niitéinen, et al., 2011” Cz 0.343 0.351 0.123 -0.344 1.031 0979 0328
Hirata, et al., 2000 Cz 0.648 0.357 0.127 -0.052 1.347 1.816 0.069
Gungor, et al., 2005"” Cz 0.160 0.382 0.146 -0.589 0.908 0.418 0.676
Caravaglios, et al., 2008  Combined 0.109 0.192 0.037 -0.267 0.485 0.568 0.570
Fixed 0.135 0.080  0.006 -0.022 0.291 1.689 0.091
Random 0.129 0.133 0.018 -0.131 0.389 0.973 0.331
A -10.00 -5.00 0.00 5.00 10.00
Model Study name Electrode Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Vandoolacghe, et al., 1998” Cz -0.503 0.332 0.110 -1.154 0.148 -1.514 0.130
Yamaguchi, et al., 2000  Cz 0.040 0.344  0.118 -0.633 0.714 0.117 0.907
Tachibana, et al., 199617  Cz 0.839 0.381 0.145 0.093 1.586 2.204 0.028
Muscoso, et al., 2006” Pz 0.456 0.226  0.051 0.014 0.898 2.023 0.043
Masanaka, et al., 2005” Pz 0.839 0.381 0.145 0.093 1.586 2.204 0.028
Lai, et al., 2010Y Cz -0.118 0.349 0.122 -0.802 0.565 -0.339 0.735
Niitinen, et al., 2011”7 Cz 0.555 0.355 0.126 -0.140 1.251 1.565 0.118
Holt, et al., 1995 Combined 3.040 0204  0.041 2641 3.439 14932 <0.001 1
Caravaglios, etal., 2008'” Combined 1.106 0205  0.042 0.703 1509 5382 <0.001 |
Taguchi, et al., 2003 Cz 0.334 0.250  0.063 -0.156 0.825 1.337 0.181
Fixed 0.952 0.087 0.008 0.781 1.123 10.893 <0.001 .
Random 0.672 0.369 0.136 -0.051 1.395 1.822 0.069
B -10.00 -5.00 0.00 5.00 10.00
Model Study name Electrode Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
van Deursen, et al., 2009' Cz 0.341 0.344 0.118 -0.333 1.016 0.992 0.321
Tachibana, et al., 1996  Cz 1.242 0.399 0.159 0.460 2.024 3.114 0.002
Sumi, et al., 2000” Pz 1.700 0.274 0.075 1.164 2237 6.215 <0.001
Muscoso, et al., 2006" Pz 0.931 0.234 0.055 0.471 1.390 3.972 <0.001
Masanaka, et al., 2005” Pz 1.242 0.399 0.159 0.460 2.024 3.114 0.002
Lai, et al., 2010 Cz 0.076 0.349 0.122 -0.607 0.760 0.219 0.827
Niitinen, et al., 20117 Cz 0.741 0.360 0.129 0.035 1.446 2.058 0.040
Hirata, et al., 2000'” Cz -0.980  0.367  0.134 -1.699 -0.261 -2.673 0.008
Gungor, et al., 2005"" Cz 0.328 0.384 0.147 -0.424 1.080 0.856 0.392
Caravaglios, et al., 2008' Combined 5.033 0388  0.151 4.272 5.795 12.960 <0.001 7
O’Mabhony, et al., 1996'"  Cz 1.026 0.396 0.156 0.251 1.802 2.595 0.009
Bennys, et al., 2007" Combined 1.710 0.291 0.085 1.138 2.281 5.866 <0.001
Taguchi, et al., 2003 Cz 1.496 0.281 0.079 0.946 2.046 5.326 <0.001
Fixed 1.152 0.091 0.008 0973 1.330 12.628 <0.001
Random 1.144 0.341 0.117 0475 1.813 3.352 0.001
C -10.00 -5.00 5.00 10.00
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Model Study name

Subgroup within study
Std diff Standard

Statistics for each study

Lower Upper

Std diff in means and 95% CI

in means error Variance limit limit Z-Valuep-Value
Tsolaki, et al., 2017" Cz 0.887 0323 0105 0253 1.521 2742 0.006 L 3
Fruehwirt, et al., 2019" Combined 0.145 0152  0.023 -0.153 0.442 0954 0.340
Tanaka, et al., 1998 Cz 1.434 0.409  0.168 0.632 2.236 3.503 <0.001 I+
Jervis, et al., 2007 Cz 0.450  0.477  0.228 -0.485 1386 0.943 0.345
Filipovic & Kostic, 1995 Cz 1495 0255  0.065 0.996 1.993 5.872 <0.001 B
Uemura & Hoshiyama, 2007 Cz 1.644  0.545 0297 0.576 2.713 3.016 0.003 -
Katada, et al., 2004*" Pz 0.956  0.414 0171 0.144 1.767 2309 0.021 E
Pedroso, et al., 2018 Combined 0590  0.172  0.029 0.254 0.927 3.438 0.001 (i}
Wang, et al., 2016™ Combined 0.456  0.195 0038 0.074 0.838 2339 0.019
Knott, et al., 2002*” Fz, Cz, Pz 3.687 0.878  0.771 1.966 5.408 4.198 <0.001 ——
Yamaguchi, et al., 2000” Combined 1.504 0225 0.050 1.064 1.945 6.698 <0.001 B
Bokura, et al., 2005™ Combined 0.047 0.198 0.039 -0.342 0.435 0.235 0.814
Parra, et al., 2012*” Cz 0.943 0.360  0.129 0.238 1.648 2.621 0.009 L
Taguchi, et al., 2003 Cz 1.445 0279  0.078 0.899 1.992 5.183 <0.001
Tachibana, et al., 1996 Cz 1525 0415  0.172 0.712 2.338 3.676 <0.001 I+
Szelies, et al., 1995™” Pz 0.138 0211  0.045 -0.275 0.552 0.655 0.512 K8
Sumi, et al., 2000” Pz 1373 0261 0.068 0.862 1.884 5.267 <0.001 O
Pokryszko-Dragan, et al., 2003’ Combined 1283 0249  0.062 0.796 1.770 5.160 <0.001 O
Onofij, et al., 2002 Pz 2180 0256  0.065 1.678 2.681 8.522 <0.001 [ ]
Muscoso, et al., 2006” Pz 1712 0260 0.068 1.203 2.222 6.583 <0.001 [ ]
Mochizuki, et al., 2001*” Pz 3.828 0976 0953 1914 5742 3.920 <0.001 — -
Masanaka, et al., 2005” Pz 1525 0415 0.172 0.712 2338 3.676 <0.001 i
Lee, etal., 2013 Combined 0122 0.147  0.022 -0.166 0.410 0.830 0.407 ]
Lai, etal., 2010” Combined 0928  0.211 0045 0513 1342 4389 <0.001 O
Naitinen, et al., 2011” Combined 2.004 0245 0.060 1.523 2.484 8.169 <0.001 )
Juckel, et al., 2008* Cz 0.854 0348 0121 0.171 1536 2452 0.014 Rl
Yamamoto, et al., 1996™” Cz -0.447 0337 0.114 -1.108 0.215 -1.324 0.185 I
Jiménez-Escrig, et al., 2002°”  Fz 1.655 0347 0121 0.974 2336 4.762 <0.001 £
Holt, et al., 1995' Combined 2.547 0.187  0.035 2.181 2.913 13.648 <0.001 B
Hirata, et al., 2000 Cz 0.875 0363  0.132 0.163 1.587 2.409 0.016 CEY
Gungor, et al., 2005" Cz 1340 0417  0.174 0.524 2.157 3.217 0.001 I
Gironell, et al., 2005 Pz 1.126 0.283 0.080 0.571 1.680 3.980 <0.001 .
Bonanni, et al., 2010™” Pz 1270 0288  0.083 0.705 1.834 4.409 <0.001 8
Claus & Mohr, 1996"” Pz 1314 0290 0.084 0.747 1.882 4.537 <0.001 B
Frodl, et al., 2002*" Fz 0.810 0279 0078 0264 1357 2908 0.004 B2
Caravaglios, et al., 2008" Combined 5474 0414 0172 4.662 6.286 13.211 <0.001 _F
Boller, et al., 2002* FCz -1.189  0.464  0.215 -2.099 -0.279 -2.561 0.010 I+
Ashford, et al., 2011 Pz -0.056  0.367  0.134 -0.775 0.663 -0.153 0.879
Ally, et al., 2006* Combined 0.499  0.185 0034 0.136 0.862 2.692 0.007 t
O’Mahony, et al., 1996'" Cz 1.865  0.444  0.197 0.996 2.735 4.204 <0.001 4+
Bcnnys,ctal,,2007'“' Combined 2.542 0.327 0.107 1.901 3.183 7.769 <0.001 .-
Knott, et al., 1999* Combined 1222 0.195 0.038 0.840 1.603 6.273 <0.001 ]
Fixed 1.003  0.041  0.002 0.923 1.083 24.591 <0.001 ]
Random 1220 0.145  0.021 0.936 1.504 8.429 <0.001 ¢
D -10.00 -5.00 0.00 5.00
Model Study name Electrode Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Tsolaki, et al., 2017" Cz -0.240 0.310  0.096 -0.847 0.367 -0.776 0.438
Uemura & Hoshiyama, 2007 Cz -0.248 0.473 0224 -1.176 0.679 -0.525 0.600
Vandoolaeghe, et al., 1998” Cz -0.361 0.331  0.109 -1.009 0.287 -1.092 0.275
Katada, et al., 2003"” Pz 0.420 0.397  0.157 -0.357 1.197 1.059  0.290
Pedroso, et al., 2018™ Combined -0.953 0.177  0.031 -1.300 -0.606 -5.386 <0.001
Wang, et al., 2016™ Combined  0.400 0.194  0.038 0.019 0.781 2.056 0.040
Yamaguchi, et al., 2000” Combined -0.863 0.207  0.043 -1.269 -0.456 -4.160 <0.001
Bokura, et al., 2005™ Combined  0.253 0.199  0.040 -0.137 0.643 1270 0.204
Parra, et al., 2012*” Cz -1.339 0.377  0.142 -2.078 -0.600 -3.550 <0.001
Pokryszko-Dragan, et al., 2003*” Combined -0.415 0.229 0.052 -0.863 0.034 -1.813 0.070
Onofij, et al., 2002" Pz -1.357 0.226  0.051 -1.799 -0.915 -6.017 <0.001
Mochizuki, et al., 2001 Pz -0.911 0.614 0377 -2.116 0.293 -1.484 0.138
Lee, etal., 2013* Combined -0.696 0.151 0.023 -0.992 -0.400 -4.608 <0.001
Lai, et al., 2010” Combined  0.098 0.201  0.041 -0.296 0.493 0.488 0.626
Nidtinen, etal., 2011” Combined -0.663 0.206  0.043 -1.068 -0.259 -3.213 <0.001
Juckel, et al., 2008™ Cz -0.954 0352 0.124 -1.643 -0.264 -2.711 0.007
Yamamoto, et al., 996" Cz -0.316 0.335  0.112 -0.973 0341 -0.942 0.346
Jiménez-Escrig, et al., 2002 Fz -0.157 0.305  0.093 -0.754 0.441 -0.513  0.608
Holt, etal., 1995 Combined -2.939 0.200  0.040 -3.331 -2.547 -14.695 <0.001
Hirata, et al., 2000 Cz -1.266 0.378  0.143 -2.007 -0.525 -3.349  0.001
Gironell, et al., 2005™ Pz -0.556 0.268  0.072 -1.081 -0.031 -2.076 0.038
Bonanni, et al., 2010*” Pz 0.248 0.264 0.070 -0.269 0.765 0.942 0.346
Claus & Mohr, 1996"” Pz -0.711 0271  0.073 -1.242 -0.180 -2.624  0.009
Frodl, et al., 2002"" Pz -0.190 0269  0.072 -0.716 0.337 -0.706 0.480
Ashford, etal., 2011 FCz -0.468 0.434  0.188 -1.319 0.382 -1.079 0.281
Boller, et al., 2002 Pz -1.079 0.389  0.151 -1.841 -0.316 -2.771 0.006
Ally, et al., 2006* Combined -0.746 0.189  0.036 -1.116 -0.376 -3.953 <0.001
Bender, et al., 2014"” Pz 0.534 0.303  0.092 -0.061 1.129 1.760 0.078
Bennys, et al., 2007" Combined -1.063 0272 0.074 -1.595 -0.531 -3.915 <0.001
Knott, et al., 1999* Combined  0.734 0.186  0.035 0.369 1.098 3.947 <0.001
Missonnier, et al., 1999*” Combined -2.794 0.331  0.110 -3.443 -2.145 -8.433 <0.001
Fixed -0.570 0.045  0.002 -0.658 -0.481 -12.679 <0.001
Random -0.595 0.159  0.025 -0.907 -0.284 -3.745 <0.001
E -10.00 -5.00 5.00
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The meta—analysis results for components of subjective measure
A: digit forward, B: digit backward, C: central auditory processing test, D: auditory word recall

Model Study name Measurement Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Croot, et al., 1999"” WAIS-R -0.817 0.277 0.077 -1.360 -0.274 -2.947 0.003
Golden, etal., 2015™ WAIS-R -1.292 0404 0.164 -2.085 -0.500 -3.196 0.001
Golden, et al., 2016™" WAIS-R -1.105 0.393 0.154 -1.875 -0.335 -2.813 0.005
White & Murphy, 1998"”  Maximum digit 0.083 0.300 0.090 -0.505 0.672 0.278 0.781
Résler, et al., 2005 Maximum digit -0.583 0.306 0.094 -1.184 0.017 -1.905 0.057
Perry & Hodges, 2000 WAIS-R -0.289 0.367 0.135 -1.008 0.430 -0.788 0.431
Perry & Hodges, 2000 (2)™" WAIS-R 0444 0369  0.136 -1.168 0280 -1.201 0.230
Manuel, et al., 2019 Maximum digit -1.327 0.331 0.110 -1.975 -0.678 -4.008 <0.001
Hardy, et al., 2018°” Maximum digit -1.036 0.423 0.179 -1.865 -0.208 -2.451 0.014
Boller, et al., 2002 WAIS-R -0.560 0.436 0.190 -1.415 0296 -1.282 0.200
Sommers, 1998°" Maximum digit -0.143 0.317 0.100 -0.763 0.478 -0.451 0.652
Sommers, 1998 (2)*” Maximum digit -0.695 0.326 0.106 -1.333 -0.057 -2.135 0.033
Fixed -0.642 0.099 0.010 -0.837 -0.448 -6.473 <0.001
Random -0.659 0.132 0.018 -0.918 -0.399 -4.975 <0.001
A -10.00 -5.00 0.00 5.00 10.00
Model Study name Measurement Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value

Croot, et al., 1999*” WAIS-R -1.116 0285  0.081 -1.675 -0.558 -3.918 <0.001 B
Golden, et al., 2015*” WAIS-R -0.848 0384  0.148 -1.602 -0.095 -2.207 0.027 .-
Golden, et al., 2016°" WAIS-R -1.235 0.399  0.159 -2.017 -0.453 -3.094  0.002 -.-
White & Murphy, 1998"  Maximum digit -0.209 0.301  0.090 -0.798 0381 -0.694 0.488 .
Résler, et al., 2005 Maximum digit -1.044  0.320  0.102 -1.670 -0.418 -3.267 0.001 [}
Waters & Caplan, 2002 Maximum digit -0.851 0.330 0.109 -1.499 -0.204 -2.578 0.010 .
Perry & Hodges, 2000°Y  WAIS-R -0.278 0.367  0.135 -0.997 0.441 -0.759 0.448
Perry & Hodges, 2000 (2)*” WAIS-R -0.733 0376  0.142 -1.471 0.005 -1.947 0.052 #
Manuel, et al., 2019 Maximum digit -1.583 0.343  0.118 -2.256 -0.911 -4.612 <0.001 .
Hardy, et al., 2018 Maximum digit -1.297 0436 0.190 -2.151 -0.443 -2.976 0.003 It
Boller, et al., 2002* WAIS-R -2.000 0524 0274 -3.026 -0.974 -3.819 <0.001 -.-
Sommers, 1998"” Maximum digit -0.137 0317 0.100 -0.758 0.483 -0.434 0.664 .
Sommers, 1998 (2)”” Maximum digit -0.981 0335 0.112 -1.637 -0.325 -2.930 0.003 .

Fixed -0.871 0.097  0.009 -1.062 -0.681 -8.978 <0.001 Q

Random -0.901 0.141  0.020 -1.179 -0.624 -6.373 <0.001 0
B -10.00 -5.00 0.00 5.00 10.00
Study name Measurement Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Strouse & Hall, 1995 Combined -1.209 0172 0.030 -1.546 -0.872 -7.032 <0.000 [ ]
Gates, et al., 2008*” Combined -1.428 0205  0.042 -1.829 -1.027 -6.981 <0.000 .
Gates, et al., 1995°” SSI-ICM -0.884 0231 0.054 -1.338 -0.430 -3.820 <0.000 .
Gates, etal., 1995 (2)"  SSI-CCM -1.240 0241 0.058 -1.712 -0.767 -5.140 <0.000 -
Strouse & Hall, 1995 (1) Dichotic digits ~ -1.784  0.529  0.280 -2.820 -0.747 -3.374  0.001 -.-
Strouse & Hall, 1995 (2)” Dichotic digits ~ -1.696 ~ 0.521 0272 -2.718 -0.674 -3.253  0.001 -.-
Strouse & Hall, 1995 (3) Dichotic digits ~ -2.154  0.562 0316 -3.255 -1.052 -3.831 <0.000 {IF
Strouse & Hall, 1995 (4)*” Dichotic digits ~ -1.641 0.517 0267 -2.654 -0.628 -3.174  0.002 -.-

Fixed -1.285  0.096  0.009 -1.473 -1.096 -13.335 <0.000 ’

-10.00 -5.00 0.00 5.00 10.00
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Model Study name

Saxton, et al., 2000
Pachana, et al., 1996*"
Loring, etal., 2016%
Luzzi, et al., 2017°”
Thompson, et al., 2001°”
Ruzzoli, et al., 2016
Xiao, et al., 2002*”
Xiao, et al., 2002 (2)*”
Thomas, et al., 2005
Libon, et al., 1996”"
Libon, et al., 1996 (2)""
Zhao, et al., 20127
Zhao, et al., 2012 (2)””
Zhao, et al., 2012 (3)"”
Zhao, et al., 2012 (4)”
Fixed

Random

D

Measurement

Delayed recall
Delayed recall
Delayed recall
Delayed recall
Combined
Combined
Delayed recall
Delayed recall
Immediate recall
Combined
Combined
Combined
Combined
Combined
Combined

Std diff Standard

in means

-2.076
-1.776
-2.273
-3.756
-1.496
-0.686
-1.759
-2.901

3.381
-4.263
-3.180
-3.290
-2.930
-3.086
-3.140
-2.826
-2.308

error

0.517
0.460
0.131
0.470
0.283
0.239
0.254
0.299
0.551
0.279
0.232
0.099
0.101
0.093
0.155
0.044
0.234

Statistics for each study

Variance

0.268
0.212
0.017
0.221
0.080
0.057
0.065
0.089
0.304
0.078
0.054
0.010
0.010
0.009
0.024
0.002
0.055

Lower
limit
-3.090
-2.678
-2.530
-4.677
-2.051
-1.156
-2.258
-3.486
2.301
-4.810
-3.635
-3.483
-3.128
-3.269
-3.443
-2.912
-2.767

Upper

limit Z-Value p-Value

-1.062 -4.014
-0.874 -3.859
-2.016 -17.333
-2.834 -7.988
-0.942  -5.290
-0.217 -2.868
-1.261 -6.917
-2.316 -9.717
4.461 6.136
-3.716 -15.273
-2.725 -13.694
-3.096 -33.344
-2.731 -28.951
-2.903 -33.052
-2.836 -20.273
-2.740 -64.391
-1.848 -9.842

<0.001
<0.001
<0.001
<0.001
<0.001

0.004
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

-8.00

Std diff in means and 95% CI

-

-4.00

-
-
|

- |
’ll-l

0.00

4.00

8.00
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] Appendix 3 []
72 articles which were used in the meta—analysis

1) Tsolaki AC, Kosmidou V, Kompatsiaris I'Y, Papadaniil C, Hadjileontiadis L, Adam A, et al. Brain source localization of MMN and P300 ERPs
in mild cognitive impairment and Alzheimer’s disease: A high-density EEG approach. Neurobiol Aging 2017;55:190-201.
2) Tarkka IM, Lehtovirta M, Soininen H, Padkkonen A, Karhu J, Partanen J. Auditory adaptation is differentially impaired in familial and
sporadic Alzheimer’s disease. Biomed Pharmacother 2002;56(1):45-9.
3) Vandoolaeghe E, van Hunsel F, Nuyten D, Maes M. Auditory event related potentials in major depression: Prolonged P300 latency and
increased P200 amplitude. J Affect Disord 1998;48(2-3):105-13.
4) Yamaguchi S, Tsuchiya H, Yamagata S, Toyoda G, Kobayashi S. Event-related brain potentials in response to novel sounds in dementia. Clin
Neurophysiol 2000;111(2):195-203.
5) Sumi N, Nan’no H, Fujimoto O, Ohta Y, Takeda M. Interpeak latency of auditory event-related potentials (P300) in senile depression and
dementia of the Alzheimer type. Psychiatry Clin Neurosci 2000;54(6):679-84.
6) Muscoso EG, Costanzo E, Daniele O, Maugeri D, Natale E, Caravaglios G. Auditory event-related potentials in subcortical vascular cognitive
impairment and in Alzheimer’s disease. J Neural Transm (Vienna) 2006;113(11):1779-86.
7) Masanaka T, Hisao T, Keita K, Yasunobu K, Hiroo Y, Bungo O. Multi-modal evoked potentials in corticobasal degeneration, progressive
supranuclear palsy and Alzheimer disease. Int Congr 2005;1278:145-8.
8) Lai CL, Lin RT, Liou LM, Liu CK. The role of event-related potentials in cognitive decline in Alzheimer’s disease. Clin Neurophysiol 2010;
121(2):194-9.
9) Naitdnen R, Kujala T, Kreegipuu K, Carlson S, Escera C, Baldeweg T, et al. The mismatch negativity: an index of cognitive decline in
neuropsychiatric and neurological diseases and in ageing. Brain 2011;134(12):3435-53.
10) Hirata K, Hozumi A, Tanaka H, Kubo J, Zeng XH, Yamazaki K, et al. Abnormal information processing in dementia of Alzheimer type. A
study using the event-related potential’s field. Eur Arch Psychiatry Clin Neurosci 2000;250(3):152-5.
11) Gungor HA, Yildiz A, Aydin F, Gungor F, Boz A, Ozkaynak S. Tc-99m HMPAO brain SPECT findings in mild and moderate Alzheimer’s
disease: Correlation with event related potentials. J Neurol Sci 2005;234(1-2):47-53.
12) Caravaglios G, Costanzo E, Palermo F, Muscoso EG. Decreased amplitude of auditory event-related delta responses in Alzheimer’s disease.
Int J Psychophysiol 2008;70(1):23-32.
13) Tachibana H, Takeda M, Okuda B, Kawabata K, Nishimura H, Kodama N, et al. Multimodal evoked potentials in Alzheimer’s disease and
Binswanger’s disease. J Geriatr Psychiatry Neurol 1996;9(1):7-12.
14) Holt LE, Raine A, Pa G, Schneider LS, Henderson VW, Pollock VE. P300 topography in Alzheimer’s disease. Psychophysiology 1995;32(3):
257-65.
15) Taguchi S, Fujimoto O, Takamori N, Hanatani T, Sumi N, Nan’no H, et al. Neurophysiological evaluation of late paraphrenia: Comparison with
chronic schizophrenia and dementia of the Alzheimer type. Psychogeriatrics 2003;3(1):29-38.
16) van Deursen JA, Vuurman EF, Smits LL, Verhey FR, Riedel WJ. Response speed, contingent negative variation and P300 in Alzheimer’s
disease and MCI. Brain Cogn 2009;69(3):592-9.
17) O’Mahony D, Coffey J, Murphy J, O’Hare N, Hamilton D, Rowan M, et al. Event-related potential prolongation in Alzheimer’s disease signifies
frontal lobe impairment: Evidence from SPECT imaging. J Gerontol A Biol Sci Med Sci 1996;51(3):M102-7.
18) Bennys K, Portet F, Touchon J, Rondouin G. Diagnostic value of event-related evoked potentials N200 and P300 subcomponents in early
diagnosis of Alzheimer’s disease and mild cognitive impairment. J Clin Neurophysiol 2007;24(5):405-12.
19) Fruehwirt W, Dorffner G, Roberts S, Gerstgrasser M, Grossegger D, Schmidt R, et al. Associations of event-related brain potentials and
Alzheimer’s disease severity: A longitudinal study. Prog Neuropsychopharmacol Biol Psychiatry 2019;92:31-38.
20) Tanaka F, Kachi T, Yamada T, Sobue G. Auditory and visual event-related potentials and flash visual evoked potentials in Alzheimer’s disease:
Correlations with Mini-Mental State Examination and Raven’s Coloured Progressive Matrices. J Neurol Sci 1998;156(1):83-8.
21) Jervis B, Belal S, Camilleri K, Cassar T, Bigan C, Linden DE, et al. The independent components of auditory P300 and CNV evoked potentials
derived from single-trial recordings. Physiol Meas 2007;28(8):745-71.
22) Filipovi¢ SR, Kosti¢ VS. Utility of auditory P300 in detection of presenile dementia. J Neurol Sci 1995;131(2):150-5.
23) Uemura JI, Hoshiyama M. Variability of P300 in elderly patients with dementia during a single day. Int J Rehabil Res 2007;30(2):167-70.
24) Katada E, Sato K, Ojika K, Ueda R. Cognitive event-related potentials: Useful clinical information in Alzheimer’s disease. Current Alzheimer
Research 2004;1(1):63-9.
25) Pedroso RV, Cancela JM, Ayan C, Stein AM, Fuzaro G, Costa JLR, et al. Effects of physical exercise on the P300 of elderly with Alzheimer’s
disease. J Phys Act Health 2018;15(6):403-10.
26) Wang P, Zhang H, Han L, Zhou Y. Cortical function in Alzheimer’s disease and frontotemporal dementia. Transl Neurosci 2016;7(1):116-25.
27) Knott V, Mohr E, Mahoney C, Engeland C, Ilivitsky V. Effects of acute nicotine administration on cognitive event-related potentials in
tacrinetreated and non-treated patients with Alzheimer’s disease. Neuropsychobiology 2002;45(3):156-60.
28) Bokura H, Yamaguchi S, Kobayashi S. Event-related potentials for response inhibition in Parkinson’s disease. Neuropsychologia 2005;43(6):
967-75.
29) Parra MA, Ascencio LL, Urquina HF, Manes F, Ibafiez AM. P300 and neuropsychological assessment in mild cognitive impairment and
Alzheimer dementia. Front Neurol 2012;3:172.
30) Szelies B, Mielke R, Grond M, Heiss WD. P300 in Alzheimer’s disease: Relationships to dementia severity and glucose metabolism. J Neurol
Sci 1995;130(1):77-81.
31) Pokryszko-Dragan A, Stotwinski K, Podemski R. Modality-specific changes in P300 parameters in patients with dementia of the Alzheimer

www.kjorl.org 67



Korean J Otorhinolaryngol-Head Neck Surg 1 2021;64(2):47-69

type. Med Sci Monit 2003;9(4):CR130-4.

32) Onoftj M, Thomas A, Luciano AL, Tacono D, Di Rollo A, D’Andreamatteo G, et al. Donepezil versus vitamin E in Alzheimer’s disease: Part 2:
mild versus moderate-severe Alzheimer’s disease. Clin Neuropharmacol 2002;25(4):207-15.

33) Mochizuki Y, Oishi M, Takasu T. Correlations between P300 components and regional cerebral blood flows. J Clin Neurosci 2001;8(5):407-10.

34) Lee MS, Lee SH, Moon EO, Moon YJ, Kim S, Kim SH, et al. Neuropsychological correlates of the P300 in patients with Alzheimer’s disease.
Prog Neuropsychopharmacol Biol Psychiatry 2013;40:62-9.

35) Juckel G, Clotz F, Frodl T, Kawohl W, Hampel H, Pogarell O, et al. Diagnostic usefulness of cognitive auditory event-related p300
subcomponents in patients with Alzheimers disease? J Clin Neurophysiol 2008;25(3):147-52.

36) Yamamoto M, Kachi T, Igata A. Pain-related somatosensory evoked potentials in dementia. J Neurol Sci 1996;137(2):117-9.

37) Jiménez-Escrig A, Fernandez-Lorente J, Herrero A, Baron M, Lousa M, de Blas G, et al. Event-related evoked potential P300 in frontotemporal
dementia. Dement Geriatr Cogn Disord 2002;13(1):27-32.

38) Gironell A, Garcia-Sanchez C, Estévez-Gonzalez A, Boltes A, Kulisevsky J. Usefulness of p300 in subjective memory complaints: A
prospective study. J Clin Neurophysiol 2005;22(4):279-84.

39) Bonanni L, Franciotti R, Onoftj V, Anzellotti F, Mancino E, Monaco D, et al. Revisiting P300 cognitive studies for dementia diagnosis: Early
dementia with Lewy bodies (DLB) and Alzheimer disease (AD). Neurophysiol Clin 2010;40(5-6):255-65.

40) Claus JJ, Mohr E. Attentional deficits in Alzheimer’s, Parkinson’s, and Huntington’s diseases. Acta Neurol Scand 1996;93(5):346-51.

41) Frodl T, Hampel H, Juckel G, Biirger K, Padberg F, Engel RR, et al. Value of event-related P300 subcomponents in the clinical diagnosis of
mild cognitive impairment and Alzheimer’s disease. Psychophysiology 2002;39(2):175-81.

42) Boller F, El Massioui F, Devouche E, Traykov L, Pomati S, Starkstein SE. Processing emotional information in Alzheimer’s disease: Effects on
memory performance and neurophysiological correlates. Dement Geriatr Cogn Disord 2002;14(2):104-12.

43) Ashford JW, Coburn KL, Rose TL, Bayley PJ. P300 energy loss in aging and Alzheimer’s disease. J Alzheimers Dis 2011;26 Suppl 3:229-38.

44) Ally BA, Jones GE, Cole JA, Budson AE. The P300 component in patients with Alzheimer’s disease and their biological children. Biol Psychol
2006;72(2):180-7.

45) Knott V, Mohr E, Haché N, Mahoney C, Mendis T. EEG and the passive P300 in dementia of the Alzheimer type. Clin Electroencephalogr
1999;30(2):64-72.

46) Katada E, Sato K, Sawaki A, Dohi Y, Ueda R, Ojika K. Long-term effects of donepezil on P300 auditory event-related potentials in patients
with Alzheimer’s disease. J Geriatr Psychiatry Neurol 2003;16(1):39-43.

47) Bender S, Bluschke A, Dippel G, Rupp A, Weisbrod M, Thomas C. Auditory post-processing in a passive listening task is deficient in
Alzheimer’s disease. Clin Neurophysiol 2014;125(1):53-62.

48) Missonnier P, Ragot R, Derouesné C, Guez D, Renault B. Automatic attentional shifts induced by a noradrenergic drug in Alzheimer’s disease:
Evidence from evoked potentials. Int J Psychophysiol 1999;33(3):243-51.

49) Croot K, Hodges JR, Patterson K. Evidence for impaired sentence comprehension in early Alzheimer’s disease. J Int Neuropsychol Soc 1999;
5(5):393-404.

50) Golden HL, Agustus JL, Goll JC, Downey LE, Mummery CJ, Schott JM, et al. Functional neuroanatomy of auditory scene analysis in
Alzheimer’s disease. Neuroimage Clin 2015;7:699-708.

51) Golden HL, Agustus JL, Nicholas JM, Schott JM, Crutch SJ, Mancini L, et al. Functional neuroanatomy of spatial sound processing in
Alzheimer’s disease. Neurobiol Aging 2016;39:154-64.

52) White DA, Murphy CF. Working memory for nonverbal auditory information in dementia of the Alzheimer type. Arch Clin Neuropsychol
1998;13(4):339-47.

53) Résler A, Mapstone M, Hays-Wicklund A, Gitelman DR, Weintraub S. The “zoom lens” of focal attention in visual search: Changes in aging
and Alzheimer’s disease. Cortex 2005;41(4):512-9.

54) Perry RJ, Hodges JR. Fate of patients with questionable (very mild) Alzheimer’s disease: Longitudinal profiles of individual subjects’ decline.
Dement Geriatr Cogn Disord 2000;11(6):342-9.

55) Manuel AL, Foxe D, Bradshaw N, Cordato NJ, Hodges JR, Burrell JR, et al. Sustained attention failures on a 3-min reaction time task is a
sensitive marker of dementia. J Neurol 2019;266(6):1323-31.

56) Hardy CJD, Marshall CR, Bond RL, Russell LL, Dick K, Ariti C, et al. Retained capacity for perceptual learning of degraded speech in
primary progressive aphasia and Alzheimer’s disease. Alzheimers Res Ther 2018;10(1):70.

57) Sommers MS. Spoken word recognition in individuals with dementia of the Alzheimer’s type: Changes in talker normalization and lexical
discrimination. Psychol Aging 1998;13(4):631-46.

58) Waters G, Caplan D. Working memory and online syntactic processing in Alzheimer’s disease: Studies with auditory moving window
presentation. J Gerontol B Psychol Sci Soc Sci 2002;57(4):P298-311.

59) Strouse AL, Hall JW 3rd. Test-retest reliability of a dichotic digits test for assessing central auditory function in Alzheimer’s disease.
Audiology 1995;34(2):85-90.

60) Gates GA, Anderson ML, Feeney MP, McCurry SM, Larson EB. Central auditory dysfunction in older persons with memory impairment or
Alzheimer dementia. Archives of Otolaryngology—Head & Neck Surgery 2008;134(7):771-7.

61) Gates GA, Karzon RK, Garcia P, Peterein J, Storandt M, Morris JC, et al. Auditory dysfunction in aging and senile dementia of the
Alzheimer’s type. Arch Neurol 1995;52(6):626-34.

62) Strouse AL, Hall JW 3rd, Burger MC. Central auditory processing in Alzheimer’s disease. Ear Hear 1995;16(2):230-8.

63) Saxton J, Munro CA, Butters MA, Schramke C, McNeil MA. Alcohol, dementia, and Alzheimer’s disease: Comparison of neuropsychological
profiles. J Geriatr Psychiatry Neurol 2000;13(3):141-9.

64) Pachana NA, Boone KB, Miller BL, Cummings JL, Berman N. Comparison of neuropsychological functioning in Alzheimer’s disease and
frontotemporal dementia. J Int Neuropsychol Soc 1996;2(6):505-10.

65) Loring DW, Goldstein FC, Chen C, Drane DL, Lah JJ, Zhao L, et al. False-positive error rates for reliable digit span and auditory verbal
learning test performance validity measures in amnestic mild cognitive impairment and early Alzheimer disease. Arch Clin Neuropsychol

68



Auditory Functions for Dementia I Park S, et al.

2016;31(4):313-31.

66) Luzzi S, Baldinelli S, Ranaldi V, Fabi K, Cafazzo V, Fringuelli F, et al. Famous faces and voices: Differential profiles in early right and left
semantic dementia and in Alzheimer’s disease. Neuropsychologia 2017;94:118-28.

67) Thompson SB, Macdonald J, Coates TD. Improving visual memory with Aricept (donepezil hydrochloride, E2020) in mild-to-moderate
Alzheimer’s disease. Clin Gerontol 2001;24(1-2):55-73.

68) Ruzzoli M, Pirulli C, Mazza V, Miniussi C, Brignani D. The mismatch negativity as an index of cognitive decline for the early detection of
Alzheimer’s disease. Sci Rep 2016;6:33167.

69) Xiao S, Yao P, Li X, Zhang M. Neuropsychological testing profiles of patients with Alzheimer’s disease and mild cognitive impairment: A
case-control study. Hong Kong J Psychiatry 2002;12(4):2-5.

70) Thomas DA, Libon DJ, Ledakis GE. Treating dementia patients with vascular lesions with donepezil: A preliminary analysis. Appl
Neuropsychol 2005;12(1):12-8.

71) Libon DJ, Mattson RE, Glosser G, Kaplan E, Malamut BL, Sands LP, et al. A nine—word dementia version of the California verbal learning
test. Clin Neuropsychol 1996:10(3):237-44.

72) Zhao Q, Lv Y, Zhou Y, Hong Z, Guo Q. Short-term delayed recall of auditory verbal learning test is equivalent to long-term delayed recall for
identifying amnestic mild cognitive impairment. PLoS One 2012;7(12):e51157.

2018. p.544-5,

www.kjorl.org 69





