


Self-perceived hearing handicap in the elderly with MCI

Introduction

Hearingimpairmentdoesnot necessarilparallelself-perceptiorof hearinghandicapn every-
daylife [1]. Accordingto the World HealthOrganization hearinghandicaprefersto the non-
auditory consequencesuchasemotionaldistressandrestrictionson socialengagementor
anindividual dueto hearingimpairment[2]. Individualswith asimilar degreeof hearing
impairmentmayor maynot experienceignificantself-perceivetiearinghandicapin their
daily livesbecauséearingimpairmentcancauselifferentemotionalandsocialimpactson
eachindividual [3]. Therefore hearinghandicapis acomplexphenomenorthatinvolvesfar
morethanhearingimpairmentalone.

Bothaudiologicabndnon-audiologicalvariablesareassociatedith self-perceivethear-
ing handicap Severastudiesindicatean associatiorbetweerself-perceivetiearinghandi-
capand patientoutcomeson speech-in-noiseneasure§4+8]. A recentstudysuggests
that self-perceivetiearinghandicapcorrelatesnore highly with speech-in-noise
perceptionoutcomeghanwith generahealth-relatedjuality of life [9]. Moreover,numer-
ousstudieshaveshownthat peripheralhearingsensitivityis correlatedwith self-perceived
hearinghandicapin old adults,but the correlationsareonly weak-to-moderatél,10].
Audiometric measuregxplainlessthan 50%o0f the variancen self-perceptiorof hearing
handicap[11].

Theaforementionedtudiessuggesthat non-audiometricfactorsmayplayanimportant
rolein self-perceivethearinghandicapin old adults.Thus,factorsotherthanthe degreeof
hearingimpairmentmaycontributeto self-perceivethearinghandicapin old adults.One
recentstudyon theimpactof cognitivefunction on self-perceivethearinghandicapindicates
thatold adultswith high working memorycapacityhavemore hearingdifficultiesin their
daily lives,andtheresultscontradictthe authors'initial hypothesig12]. Accordingly,the
authorsreasonedhat old adultswith highworking memorymayhaveamoreactivelifestyle,
thereforealargerelianceon their hearingabilities,and mayalsobemorelikely to identify
their difficulties.However becaus¢he participantsin the aforementionedstudywerenot
screenedor cognitivedisordersthis studydid not rule out the possibilitythat somepartici-
pantsmayhavecognitivedisorders We speculatéhat cognitivefactorsmayaffectself-per-
ceivedhearinghandicapdifferentlyin cognitivelynormal old adultsandin cognitively
impairedold patients.

To overcomesuchlimitations, this studywascarefullydesignedn orderto accountfor the
effectof cognitivefunction on hearing-relatedlifficulties. We hypothesizedhat old patients
with mild cognitiveimpairment(MCI) would havemore hearing-relatedlifficultiesthantheir
hearingthreshold-matchegheerswith normal cognitivefunction would. Specificallywe
hypothesizedhat MCI patientswith frontal-executivalysfunction(FED)would reportgreater
hearinghandicapthanthosewithout FED.Becausereviousstudieshavedemonstratedhat
frontal-executivdunction stronglyimpactsspeech-in-noiseerceptionin patientswith MCI
[13,14]and speech-in-noisperceptionperformancds highly correlatedwith self-perceived
hearinghandicapg4+9], wespeculatedhat MCI patientswith FEDwould havemore hearing-
relateddifficultiesthanthosewithout FED.To the bestof our knowledgeno previousstudies
havefocusedon self-perceivetiearinghandicapin patientswith MCI. The purposeof the
currentstudywasto compareself-perceivetiearinghandicapamongMCI subgroupsanda
cognitivelynormal elderly(CNE) groupandto determinewhich demographicaudiometric,
andneuropsychologicdhctorsarecorrelatedwith self-perceivetiearinghandicapin each

group.
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Materials and methods
Participants

Werecruited46 MCI patientsageds5to 80yearsatthe Memory and DementiaClinic atthe
Dong-A UniversityMedicalCenter MCl wasdiagnosedccordingto the Petersen'sriteria
[15]: 1) subjectivenemorycomplaintsreportedby patientsor informants;2) objectivecogni-
tive impairmentsasdefinedby age-andeducation-adjustedcoreselow-1.0standarddevia-
tions (SD)for atleastonetestin the neuropsychologicdlattery;3) without dementia
accordingto the Diagnosticand StatisticaManualof Mental Disorders-4" edition; and 4)
normal activitiesof daily living. Exclusioncriteriaincludeda history of major medical ,neuro-
logical,or psychiatridliness.The MCI patientswerefurther classifiednto patientswith FED
(n = 16;6 menand 10women)and patientswithout FED (n = 30;6 menand24women).The
FED patientshadto meetthefollowing criteria: 1) age-andeducation-adjustedcoreselow
-1.0SDon theanimalnamingor phonemic-lettemamingtestsin the ControlledOral Word
AssociationTest(COWAT) [16] and 2) age-and education-adjustedcoreselow-1.0SDon
thecolorreadingin the Koreanversionof the Color Word StroopTest(K-CWST)[17]. If
patientsdid not meetthesecriteria, theywereclassifiedaspatientswithout FED.

We recruited39cognitivelynormal old adults(14 menand 25women)asacontrol group.
Thecognitivelynormal old adultshadto meetthe following criteria: 1) no significantunderly-
ing medical,neurologicalpr psychiatridllness;2) normal performanceasdefinedby age-and
education-adjustedcoresabove-1.0SDon the Koreanversionof the Mini-Mental State
Examination(K-MMSE)[18], digit span(forward andbackward)19], SeouNerballLearning
Test(SVLT)(immediateand delayedecall)[20], and COWAT (animalandthree-phonemic-
letternaming);and 3) no subjectivenemorycomplaints.

For hearingacuity,all subjectdhadto meetthe followinginclusioncriteria: 1) no conduc-
tive componentson tympanometryand puretoneaudiometry;2) hearingthresholdlevelsat
0.5,1,and2kHz < 25dBHL; 4kHz < 40dBHL; and8 kHz < 70dB HL for eachear;3) no
greaterthan 10dB HL of inter-auralasymmetryon pure-toneaverage@TAs)(averagef 0.5,
1,2,and4 kHz); 4) aspeechdiscriminationscore> 80%for eachear;and5) no previoususe
of hearingaids.Theelderlysubjectavererecruitedat arelativelyearlystageof age-related
hearingimpairment,whichis characterizedby thresholdelevatiorbeginningat high frequen-
cies.Tablel showshe demographidataandaudiometrictestresultsfor eachgroup.

This studywasapprovedy the Institutional ReviewBoardof the Dong-A University Medi-
calCenter,BusanKorea(IRB#:16+048)Written informed consentwasobtainedfrom every
participantbeforethe experimentaproceduresThe capacityof participantsto giveinformed
consentwasassesseaasingthe Clinical DementiaRating(CDR) scald21]. It hasbeen
reportedthatthe CDR couldbesuggestedsamarkerof decisionatapacityfor demented
individuals,andindividualswith CDR of 0 (no dementia)or 0.5(verymild dementiaor being
labeledasmild cognitiveimpairment) canunderstandconsentnformation describingarela-
tively simpleand nontreatmentresearctprotocol[22]. In the presentstudy,all participants
weredividedinto cognitivelynormal (CDR = 0) or mild cognitiveimpairment(CDR = 0.5)
subgroupsTheclinician determinedif the patientshavethe capacityto givetheinformed
consent.

Experimental measurements

Audiometric assessments. All participantsunderwentpure-toneaudiometry speech
audiometry tympanometry and speech-in-noisperceptiontests Air andboneconduction
thresholdsveremeasuredvith aclinical pure-toneaudiomete(GSI161;Grason-Stadleiden
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Table 1. Demographic data of patients and audiometric test results in each group.

MCI with FED (n = 16)
Demographics

Age(years) 66.56+ 6.12
Men/women 6/10
Education(years) 7.00(6.00-11.25)
K-MMSE 25.00(24.00-26.00)
SGDS 4.00(2.25-11.00)
Audiometic testresult3
PTAs 21.35+5.23
0.25kHz 17.34+5.35
0.5kHz 17.18+ 6.94
1kHz 21.25(15.62-22.50)
2kHz 25.00(22.50-25.00)
4kHz 35.00(25.00-37.50)
8kHz 50.78+ 15.10
SRT 22.50(18.12-25.00)
MCL 61.25(58.12-65.00)
SDS 98.00(92.00-100.00)
Speech-in-nizeperception
SSNcondition 34.68t 9.43
MBN condition 16.40+ 13.13

MCI
MCI without FED (n = 30)

68.56+ 6.34
6/24
7.50(6.00-12.00)
26.00(24.75-29.00)
3.50(2.00-8.00)

1852+ 5.35
1433t 6.12
14,25+ 7.25
17.50(12.50-22.50)
21.25(12.50-22.50)
25.00(17.50-35.62)
48.83+ 21.63
20.00(15.00-22.50)
60.00(55.00-62.50)
96.00(92.00-10@0)

41.50+ 19.40
25.83+ 16.60

CNE(n = 39)

63.92+ 4.84
14/25
12.00(9.00-1400)
29.00(28.00-30.0)
1.00(0.00-2.0)

18.72+ 4.52
11.60t 4.53
15.06+ 4.07
17.50(12.50-22.6)
20.00(15.00-22.6)
22.50(22.50-35.0)
40.00+ 16.79
20.00(15.00-22.6)
60.00(55.00-62.6)
100.00(96.00-10@0)

56.02+ 16.02
53.02+ 15.17

Parametricandnonparaméric dataarepresentd asmeant standarddeviationand median(interquatile range) respectively.

*P < 0.05,
**P < 0.01,
***P < 0.001.

*Parametricand nonparaméric datawereanalyzedisingone-wayanalysiof varianceandthe Kruskal-Wallistest,respectively
*All audiometrt testresultswereexpressedsdB HL excepffor the SDSandspeectperceptionresultsexpresseaspercentage.
Abbreviatiors:MCI, mild cognitiveimpairment; FED,frontal-executivedysfunction CNE,cognitivelynormal elderly;K-MMSE, Koreanversionof Mini-Mental State
Examination SGDSShortversionof GeriatricDepressiorScalePTAs,pure-toneaveragesSRT speechreceptionthreshold;MCL, mostcomfortabe loudnesdevel;

SDSspeechdiscriminationscore;SSN speech-spéiwm noise;MBN, multi-talker babblenoise.

https://da.org/10.137 1§urnal.pon®210014.t001

0.008*

0.296

0.00t*
< 0.001**
< 0.001**

0.079
0.002*
0.282
0.464
0.019
0.146
0.066
0.138
0.243
0.085

< 0.001**
< 0.001**

Prairie,MN, USA).We calculatedhe PTAsat0.5,1,2,and4 kHz for eachear.We measured
the speechreceptionthreshold speechldiscriminationscoreandmostcomfortableloudness
levelfor eachear.Speech-in-noisperceptionwasmeasuredia sentenceecognitiontests
with speech-spectrurand multi-talker babblebackgroundnoiseat a signal-to-noiseatio of
-5 dB. Themeansor mediansof the binauralaveragef the pure-toneaudiometricthresholds

ateachfrequencyareshownin pure-toneaudiogramgor eachgroup (Fig 1).

Neuropsychological assessments. All participantsunderwentastandardizecheuropsy-
chologicatest,the SeouNeuropsychologicabcreenin@attery(SNSB)20]. The SNSBevalu-
atedfive cognitivedomains:attention,languageyisuospatiafunction, visualandverbal
memory,andfrontal-executivdunction. Attention wasassesseaasingforward andbackward
digit spantestsl anguagevasexaminedusingthe Koreanversionof the BostonNaming Test
(K-BNT) [23]. Visuospatiafunction andvisualmemoryweremeasuredisingthe ReyCom-
plexFigureTest(RCFT),whichinvolvescopying,immediaterecall,20-minutedelayedecall,
andrecognition.Verbalmemorywasevaluatedisingthe SVLT,whichinvolvesthreetrials:
immediaterecall,20-minutedelayedecall,andrecognitionof 12words.Frontal-executive
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Fig 1. Means or medians of the binaural average of hearing thresholds at each frequency in mild cognitive
impairment (MCI) with frontal-executive dysfunction (FED), MCI without FED, and cognitively normal elderly
(CNE) groups.

https://abi.org/10.1371durnal.por.0210014.g0L

function wasdeterminedusingthe COWAT, which assessegmanticand phonemicverbal
fluency,andthe K-CWST,whichinvolvesword andcolor readingof 112items.On the
K-CWST ,participantsarerequiredto read112color wordsprinted in incongruentcolored
ink in 120secondgi.e.,word readingtask)and subsequentiytp nametheink color of the
colorwords,which doesnot correspondo the semantianeaningof the color words,in 120
secondgi.e.,color readingtask).Theinterferencescoreof the K-CWSTis calculatedy sub-
tractingthe time-per-itemof theword readingfrom the time-per-itemof the color reading.
We administeredhe Shortversionof the GeriatricDepressiorScald SGDS)24] consistingof
15questiongo assesparticipantsievelsof depression.

Assessment of self-perceived hearing handicap. All participantscompletedthe Korean
versionof the HearingHandicaplnventoryfor the Elderly(K-HHIE) [25,26].Self-perceived
hearinghandicapwassupposedo beassessaasingthe HearingHandicaplnventoryfor
Adults (HHIA) in participantsbelow65yearsold; howeverpecaus@o standardizedKorean
versionof theHHIA is availableall participantsageds5to 80yearsunderwentthe K-HHIE in
this study.In addition, thereliability of the K-HHIE in all respondentagedover20yearss
the sameasthatin respondentagedover65yeargi.e.,Cronbach'salphacoefficient= 0.95),
suggestinghatthe K-HHIE canbeadaptedo all agegroups[26]. TheK-HHIE is composed
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of 25items;amongtheseatems,13involveemotionalaspectge.g.2Doesahearingproblem
makeyouirritable?°),and 12involvesocial/situationahspectge.g. 2Doesa hearingproblem
causeyouto avoidgroupsof people?°)Respondentareaskedo selectyes,®sometimes,dr
ano° for eachitem (4, 2, or 0 points,respectively)andtheresponsearecombinedto generate
emotional,social/situationalandtotal scoresScoresangefrom aminimum of O to amaxi-
mum of 48,52,and 100for social/situationalemotional,andtotal scoresrespectivelyHigh
scoresndicateasignificantperceptionof hearinghandicapby respondents.

Statistical analysis

All continuousvariablesverefirst testedfor normality usingthe Shapiro-Wilktest.Continu-
ousvariablesot normally distributed,presentechismediansandinterquartilerangesywere
analyzedisingthe Kruskal-Wallistest. However the continuousvariableshormally distrib-
uted,presentecasmeanand SD,wereanalyzedisingthe one-wayanalysi®f variance Sec-
ond, becaus@aormality wasrejectedfor the hearinghandicapscoresnonparametricanalysis
of covariancédasedn Quade'destin SPSSvasusedto comparethe hearinghandicapscores
amonggroupsafteradjustingfor age yearsof educationanddepressioevelsPost-hocanal-
ysesvereconductedusingpairwisecomparisonsvith Bonferronicorrectionsto examinethe
differencesamonggroups.Additionally, multiple regressioranalysisisingthe backwardelim-
ination approachwasperformedin orderto determinewhichindependenwariablesincluding
cognitiveimpairment,age yearsof educationanddepressiotevelswerepredictorsof the
K-HHIE total scoredor the entiresampleThird, for nonparametrigpartial correlation,Spear-
manrank correlationcoefficientgrho) werecomputedby controlling for depressiorevelsn
eachgroupto examinethe correlationsof self-perceivetiearinghandicapwith demographic,
audiometric,andneuropsychologicalariablesAlphalevelsveresetat P = 0.05,and statistical
analysesverecarriedout usingSPS23.0software.

Results
Comparison of K-HHIE scores between the MCI and CNE groups

After controlling for age yearsof educationanddepressionevelswefound no significant
main effectf groupon social/situationa(F; gz= 2.590, = 0.111) emotional(F; g3= 1.494,
P =0.225)andtotal scoregF, g3= 2.873 P = 0.094)on the K-HHIE. In addition, multiple
regressioranalysisvasperformedusingthe backwardelimination approachin orderto deter-
mine whichindependentvariablesincluding cognitiveimpairment(MCI, CNE),age yearsof
educationanddepressiortevelswerepredictorsof the K-HHIE total scoredor the entire
sampleln thefinal model(F, g,= 20.133P < 0.001adjusted?? = 0.313) depressionevels
(B=1.097SE B=0.2048=0.497P < 0.001)andyearsof education(B = -0.364 SE B =
0.168p =-0.201 P = 0.033yemainedsignificantwhile age(P = 0.917)and cognitive
impairment (P = 0.273)wereeliminatedfrom the analysisSimplelinearregressioranalysis
confirmedthat the yearsof educationand depressiortevelsveresignificantlycorrelatedwith
theK-HHIE total scoresrespectivelycorrelationcoefficient= —0.328 gstimateof slope= —-
0.640pP < 0.001rorrelationcoefficient= 0.503 estimateof slope=1.132P < 0.001).

Comparison of K-HHIE scores among the MCI with FED, MCI without
FED, and CNE groups
After controlling for age yearsof educationanddepressiotevelswefound significantmain

effectf groupon social/situationa(F, g,= 9.576,P < 0.001) emotional(F, g,= 12.243,
P < 0.001)andtotal scoregF; g,= 10.889P < 0.001)on theK-HHIE. Posthocanalysis
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Fig 2. Comparisons of the total (A), social/situational (B), and emotional (C) scores of the Korean version of the Hearing Handicap Inventory for
the Elderly (K-HHIE) among the MCI with FED, MCI without FED, and CNE groups. ***P < 0.001NS,not significart.
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revealedhatthe MCI with FEDgroupscoredsignificantlyhigherthandid both the MCI with-
out FED(P < 0.001)andthe CNE (P < 0.001)groupson the social/situationasectionIn addi-
tion, the MCI with FEDgroup scoredsignificantlyhigherthandid the MCI without FED

(P < 0.001)andthe CNE (P < 0.001)groupson the emotionalsection Moreover the MCI
with FEDgroupscoredsignificantlyhigherin total scoreghandid the MCI without FED

(P < 0.001)andthe CNE (P < 0.001)groups.No significantdifferencesverefound between
the MCI without FEDandthe CNE groupson the social/situationalemotional,andtotal
scoredn theK-HHIE (Fig 2).

In addition, wealsoperformedmultiple regressioranalysisisingthe backwardelimination
approachn orderto determinewhichindependentariablesincluding cognitiveimpairment
(MCI with FED,MCI without FED,and CNE),age yearsof educationanddepression
levelswerepredictorsof the K-HHIE total scoredor the entire sample Dummy codingwas
conductedor cognitiveimpairmentwith the MCI with FED groupasthe referencegroup.

In thefinal model(F5 g;= 32.427P < 0.001 adjusted?? = 0.529) CNE (dummy variable)
(B=-10.939SE B=1.882p =-0.676P < 0.001) MCI without FED (dummy variable)
(B=-11.148SEB=1.741p=-0.661P < 0.001) anddepressiotevelgB =0.799SE B =
0.1958 =0.362P < 0.001yemainedsignificantwhile age(P = 0.537)andyearsof education
(P = 0.143)wereeliminatedfrom the analysis.

Partial correlations between K-HHIE total scores and demographic,
audiometric, or neuropsychological variables in each group

After controlling for depressionevelsn the MCI with FEDgroup,wefound significantcorre-
lationsbetweerthe K-HHIE total scoreandthe sentenceecognitionscorein the speech-
spectrumnoisecondition (Spearman'sho = —-0.532 P = 0.041) color readingtime peritem
(Spearman'sho = 0.595, = 0.019) or interferencescoregSpearman'sho = 0.545,

P =0.036)in theK-CWST.In the MCI without FEDgroup,wefound asignificantcorrelation
betweerthe K-HHIE total scoreandthe sentenceéecognitionscorein the multi-talker babble
noisecondition (Spearman'sho = -0.455P = 0.013)In thetotal MCI group,wefound signif-
icantcorrelationshetweerthe K-HHIE total scoreandthe sentenceecognitionscorein the
multi-talker babblenoisecondition (Spearman'sho = -0.539 P < 0.001)word reading

time peritem (Spearman'sho = 0.363,2 = 0.014) or colorreadingscoregSpearman'sho =
-0.415P = 0.005)in the K-CWST.In the CNE group,wefound significantcorrelationsof the
K-HHIE total scorewith the PTA (Spearman'sho = 0.335P = 0.040)or yearsof education
(Spearman'sho = 0.497 P = 0.002)Table2). Scatteiplotsof the significantpartial correla-
tionsareshownin Fig 3.
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Table 2. Partial correlation coefficients of the K-HHIE total score with demographic, audiometric, and neuropsychological variables adjusted by depression levels
in each group.

MCI CNE' (n = 39)
MCI with FED (n = 16) MCI without FED (n = 30) MCI (total) (n = 46)

Demographics

Age 0.397[-0.036).765] -0.026[-0.385).350] -0.017[-0.316).291] -0.223[-0.529).099]

Education -0.408[-0.683).026] -0.251[-0.569).119] -0.267[-0.548).076] 0.497+%[0.143,0.766]
Audiometrictests

PTAs 0.105[-0.246).494] 0.083[-0.264).437] 0.260[-0.0300.548] 0.335[0.021,0.602]

SDS -0.013[-0.504).408] 0.041[-0.344).405] -0.029[-0.3410.271] -0.102[-0.448).332]
Speech-in-noisperception

SSNcondition -0.532[-0.842,-0.113] -0.016[-0.380).396] -0.187[-0.492).133] 0.261[-0.082).578]

MBN condition -0.378[-0.767).228] -0.455[-0.727,-0.152] -0.539**[-0.699,-0.365] 0.250[-0.075).567]
Neuropsychologicakst$
K-MMSE -0.160[-0.494).250] -0.100[-0.422).231] -0.267[-0.503).032] 0.179[-0.096).413]
Attention: Digit Span

Forward -0.040[-0.523).421] -0.239[-0.5610.111] -0.058[-0.310).229] 0.002[-0.3310.332]

Backward -0.042[-0.464).486] 0.116[-0.275).451] -0.068[-0.380).224] 0.197[-0.1310.525]
LanguageK-BNT 0.048[-0.580).538] -0.046[-0.383).324] -0.100[-0.385).158] -
Visuospatiafunction

RCFTcopy -0.420[-0.722).181] -0.048[-0.364).268] -0.139[-0.427).130] -

RCFTcopytime -0.341[-0.809).160] 0.171[-0.2610.588] -0.056[-0.352).238] -
Verbalmemory:SVLT

Immediaterecall -0.189[-0.756).516] 0.251[-0.089).527] -0.020[-0.300).255] 0.075[-0.2100.376]

Delayedrecall -0.086[-0.650).588] 0.274[-0.092).594] 0.034[-0.2600.323] -0.056[-0.339).235]

Recognition 0.360[-0.194).871] 0.016[-0.332).371] -0.094[-0.397.219] -0.044[-0.318).224]
Visualmemory:RCFT

Immediaterecall -0.133[-0.502).284] 0.136[-0.273).489] -0.031[-0.343).276] -

Delayedrecall -0.113[-0.433).212] 0.135[-0.244).433] -0.044[-0.357).284] -

Recognition 0.004[-0.4210.429] 0.064[-0.282).389] 0.062[-0.258).380] -
Frontal-executivéunction
COWAT: semantic

Animals -0.419[-0.723).029] 0.217[-0.158).599] -0.127[-0.394).150] 0.052[-0.3000.385]

Supermarket 0.275[-0.209).621] -0.339[-0.664).025] -0.271[-0.503).013] 0.025[-0.276).343]
COWAT: phonemic total 0.060[-0.499).638] -0.207[-0.565).203] -0.227[-0.484).051] 0.245[-0.058).492]
K-CWST:word reading -0.508[-0.830).012] 0.083[-0.317).455] -0.328[-0.553).052] -

Time peritem 0.498[-0.090).805] 0.085[-0.247).426] 0.363[0.119,0.578] -
K-CWST:color reading 0.214[-0.3200.671] —0.014[-0.374).365] -0.415*[-0.641,-0.140] -

Time peritem 0.595[0.056,0.907] 0.092[-0.273).505] -0.192[-0.502).135] -
K-CWST:interferencescore 0.545[0.100,0.834] 0.213[-0.176).585] 0.076[-0.287).423] -

Thelowerandupperlimits of the 95%confidencentervalsusingthe bootstrapmethad areshownin squarebracketsOnly the correlation betweerthe K-HHIE total
scoreandthe sentenceecognitionscorein the multi-talker babblenoisecondition in thetotal MCI groupremainedsignificantafterapplyinga Bonferrori correction
for multiple comparisors (P < 0.001).

*P < 0.05,

**P<0.01,

“**P < 0.001.

* Among neuropsychalgicaltestsonly the K-MMSE, SVLT,COWAT, and digit spantestswereconductedn the CNE group.
’Theneuropsychalgicaltestresultswereconvertednto age-andeducatbn-adjustedz-scoredasecbn the publishednormativedata.

Abbreviatiors:K-HHIE, Koreanversionof HearingHandicaplnventoryfor the Elderly;MCI, mild cognitiveimpairment; FED,frontal-e>ecutivedysfuncton; CNE,
cognitivelynormal elderly;PTAs,pure-toneaveragesSDS speechtiscriminaion score, SSNspeech-spéaim noise;MBN, multi-talker babblenoise;K-MMSE,
Koreanversionof Mini-Mental StateExaminatio; K-BNT, Koreanversionof BostonNaming Test;RCFT,ReyComplexFigureTest;SVLT,SeouNerballLearning
Test;,COWAT, ControlledOral Word Assocition Test;K-CWST,Koreanversionof Color Word StroopTest.

https://da.org/10.1371¢urnal.pon®210014.t002
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Fig 3. Scatter plots show the partial correlations between the K-HHIE total score and each of the eight variables in the MCI with FED, MCI
without FED, total MCI, and CNE groups. Variablesyearsof education(A); pure-toneaveragéB); sentenceecognitbn scoresn speech-
spectrumnoise(C) and multi-talker babblenoise(D) conditions;andword readingtime peritem (E), color readingtime peritem (F), numberof
correctresponsesf colorreading(G), andinterferencescoregH) in the K-CWST.For all panelsagroupshowingstatisticaly significant
correlationis displayedbn thetop right corner.For examplein the panelA, only the CNE groupshowsastatisticaly significarnt correlation
betweerthe K-HHI E total scoreandyearsof education.

https://doi.0g/10.1371Hurnal.pon®210014.g003
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Discussion

It isincreasinglyagreedhat cognitivefactorsand audiologicafactorsareassociate@ith self-
perceivechearinghandicapgspeciallyn old adults,suggestinghat old adultswith cognitive
impairmentsmayhavemore hearing-relatedlifficultiesthantheir hearingthreshold-matched
peerswvith normal cognitivefunction. As old adultswith hearinghandicapexperiencemo-
tional distressandrestrictionson socialengagemenn everydayife, which ultimatelyreduce
their quality of life [2,27],it isimportant to studywhichfactorsadverselympacthearinghand-
icapandto identify which groupsaremorelikely to experiencéearingdifficultiesin everyday
life. In this study,the self-reportechearinghandicapin MCI patientswascomparedwith that
in hearingthreshold-matchedNE subjectsThefactorsassociatedith hearinghandicapin
eachgroupwerealsoexaminedFour pointsin our findingsbearfurther discussion.

First,MCI patientswith FEDaremorelikely to experiencénearingdifficultiesin their daily
livescomparedwith thosewithout FED or cognitivelynormal old adults.Consideringtherela-
tionship betweernworking memorycapacityand executivdunctioning [28], thefindingsin the
presentstudyaresomewhatnconsistentwith thosein apreviousstudy[12], whichindicates
thatold adultswith high working memorycapacityreportedmore hearingdifficulties.Because
working memoryis oneof the coreexecutivdunctions,alongwith responsénhibition, inter-
ferencecontrol, and cognitiveflexibility [29], working memorycapacityandfrontal-executive
function tasksshareacommonunderlyingexecutiveattentioncomponent28]. On this basis,
weinterpretthe presentresultswith regardto working memorycapacityalthoughworking
memorycapacitywasnot directlyinvestigatedisa diagnosticcriterion for FED.Prior studies
havereportedthe positiveassociatiometweenvorking memorycapacityandreportedhear-
ing difficulties.However wefound the negativecorrelationbetweerexecutivdunction scores
andself-reportechearinghandicapin patientswith MCI. In fact,it is quite commonto experi-
encehearingdifficultieswhenexecutivdunctionsaredisrupted.For examplepnelistener
with executivedysfunctionmayreport moredifficultiesthan anotherlistenerwith asimilar
degreeof hearinglossbut intact executivdunctioning in responseo thefollowing question:
aDoesahearingproblemcauseyou difficulty whenattendinga party ?°Havingconversations
with peopleata party requiresboth goodcognitiveabilitiesand hearingto focusselectivelyn
targetspeectwhilefiltering out otherconversation$30,31].Thereforedeficitsin frontal-exec-
utivefunction (e.g.working memory,behaviorainhibition, and selectivattention)can
increasehe social-emotionatonsequenceasf hearingimpairments.

In the presentstudy,amongmeasuresn frontal-executivdunction, variablegelatedto the
K-CWSTwerespecificallycorrelatedwith hearinghandicapscoresn the MCI groups.In the
MCI with FEDgroup,hearinghandicapscoresverepositivelycorrelatedwith the color read-
ing time peritem andinterferencescorewhichis calculatedy subtractingthetime peritem
of theword readingfrom thetime peritem of the color reading.Moreover,in thetotal MCI
group,hearinghandicapscoresverepositivelycorrelatedwith theword readingtime peritem
andwerenegativelycorrelatedwith the color readingscoresThe Strooptestmainly assesses
theability to inhibit cognitiveinterferenceandthe processingpeedy measuringheaccuracy
andspeedf performancd32]. Becausearticipantsarerequiredto performalessautomated
task(i.e.,namingtheink color) whileinhibiting theinterferencearisingfrom amore auto-
matedtask(i.e.,readingthe written word), the Stroopeffectincreasesn the colorreading
task[17]. Therefore pur resultsindicatethat the more vulnerablethe patientsareto cognitive
interferencethe more hearingdifficultiestheyreportin their daily lives.Furthermore our
findingsalsoindicatethat slowingin processingpeedreflectedby increasedeadingtime per
item on the Strooptest,is associatewith increasedearinghandicapin the patientswith
MCI.
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Secondspeeclperceptionperformances significantlycorrelatedwith self-perceivetiear-
ing handicapin patientswith MCI. Specificallyhearinghandicapscoresverenegativelycorre-
latedwith the sentenceecognitionscoresn the multi-talker babblenoisecondition in the
MCI without FED andtotal MCI groupsandin the speech-spectrumoisecondition in the
MCI with FEDgroup.However jt shouldbenotedthat only the correlationbetweerthe
K-HHIE total scoreandthe sentenceecognitionscorein the multi-talker babblenoisecondi-
tion in thetotal MCI groupremainedsignificantafterapplyingaBonferronicorrectionfor
multiple comparisonsSeverapreviousstudiesndicatean associatiorbetweerself-perceived
hearinghandicapand outcomesn speech-in-noiseneasure§4+8]. Thefindings suggesthat
deficitsin speech-in-noisperceptiontestsreflectsubjectivenearingdifficultiesin daily life
andthat multi-talker babblenoiseconditionsbetterreflectnoisylisteningsituationsthan do
speech-spectrumoiseconditionsin everydayife. It is wellknown that speectperceptionis
cognitivelymoredemandingwhenit is maskedy interfering speechsuchasmulti-talker bab-
blenoise(i.e.,informational masking) than meaninglessoise ,suchasspeech-spectrumoise
(i.e.,energetianasking)[30,31,33]Therefore patientswith MCI aremorelikely to havediffi-
cultiesin the presencef informational maskingthan energetianasking.Interestinglyand
unexpectedlyno suchcorrelationswerefound in the CNE group. Thefindingsmaysuggest
that otheraudiologicafactors(e.g. peripheralhearingsensitivity) ratherthan speech-in-noise
perceptionor cognitivefactors havegreateffectson subjectivehearingdifficultiesin cogni-
tivelynormal old adults.

Third, peripheralhearingsensitivityexplaindittle of thevariancein MCI patients'self-
reportedhearinghandicapThe degreeof peripheralhearinglosswasnot oneof the factors
correlatedwith subjectivehearingdifficultiesin the MCI patientsin the CNEgroup,we
found arelativelylow correlationbetweerhearingsensitivityand self-perceivetiearinghand-
icap.In addition, althoughnumerousstudieshaveshownthat peripheralhearingsensitivityis
correlatedwith self-perceivethearinghandicapin old listenersthe correlationsareonly weak
to moderatd1,10].Moreover,audiometricmeasuresnly explainlesshan half of the variance
in hearinghandicap[11]. Thesdindingsindicatethat hearingimpairmentdoesnot parallel
the self-perceptiorof hearinghandicapin everydayife in old adults.Especiallyin old adults
with cognitiveimpairment,cognitivefunction and/or speech-in-noiseerceptionperfor-
mancearemorelikely to beassociatedith hearinghandicap.

Thefourth discussiompoint is that wefound asignificantpositivecorrelationbetweerhear-
ing handicapscoresaandyearsof educationin the CNE group.Although no suchcorrelations
werefoundin the MCI groups,old adultswith highereducationreportedgreatetearing
handicapthanthosewith lowereducationin the CNE group. Theresultsaresomewhatonsis-
tentwith thosein apreviousstudy,which demonstrateshatlesshan 12 yearsof educationis
anassociatethctorfor lessself-perceivetiearinghandicap[34]. Theassociatiorbetween
highereducationaleveland more hearingdifficultiescould bebecauseognitivelynormal old
adultswith high educationtendto havegreaterdemandson hearingandcommunicationabili-
tiesin their lifestylesthusbetteridentifying their difficultiesin reallife. In contrast,in the cog-
nitively impairedold adults,cognitivefactorsotherthanthe educationalevelmayhighly
affectself-perceivetiearinghandicap.

Interestingly multiple regressioranalysidor the entire samplerevealedhat yearsof educa-
tion anddepressiorevelsverepossibleredictorsof the hearinghandicapscoresbut the cor-
relationbetweerhearinghandicapandyearsof educatiorwasnegativeThis negative
correlationfor the entire samplewasin the oppositedirection from that for the CNE group.
Thisresultcould suggesthat educationalevelmayaffecthearinghandicapdifferentlyin cog-
nitively normal old adultsandin cognitivelyimpairedold patients Asshownin Fig 3A,incon-
sistentwith the positivecorrelationobservedn the CNE group,the correlationsbetweeryears
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of educationand hearinghandicapwereall negativean the MCI groupsalthoughnoneof
themwasstatisticallysignificant. However veryfewstudieshaveinvestigatedhe effectof

the educationalevelon hearinghandicapbothin the cognitivelynormalandin the
cognitivelyimpairedelderlygroups.Therefore further studiesareneededo confirm the pres-
entfindings.

Finally,multiple regressioranalysidor the entire sampleconfirmedthat depressiorevel
wasalsoa significantpositivepredictorof hearinghandicapscoresThatis,the morethat
olderlistenersshowedsymptomsof depressionthe moretheyhadhearingdifficulties. It is
wellknown that depressiorsymptomsadverselympactcognitivefunction in elderlypeople
[35]. Symptomf depressioimaybeassociatedvith hearinghandicapthroughacasuapath-
waymediatedby cognitivedysfunctionandincreaseaognitiveloadin dailylife. Although
somepreviousstudiesalsoindicatedthat depressiorsignswererelatedto self-perceivetiear-
ing handicapg36+38] further researcton the effectof depressioron hearinghandicapis
necessary.

Notably,this studysuggestthat MCI patientswith FEDexperiencenore hearingdifficul-
tiesthando their peerswith normal cognitivefunction or MCI patientswithout FEDin daily
life. Cognitivefunction, especiallyrontal-executivdunction and speech-in-noisperception
performanceijs correlatedwith self-perceivetiearinghandicapin elderlypatientswith MCI.
This studyindicatesthat,in clinical practice the self-assessmeoft hearinghandicapjn addi-
tion to audiometricassessmentseedgo beconductedn orderto evaluateeachindividual's
hearingdifficultiesin dailylife. If old adultsreportmore hearingproblemsthando their hear-
ing threshold-matchegeerstheymayhavecognitiveimpairments,especiallyn frontal-exec-
utive function. Therefore thoseold adultsshouldbeconsideredor assessmeland
interventionon neuropsychologicdlinction. In audiologicakettingsglinicianscanprovide
properinterventionserviceso thesepatientsby earlyreferralto neuropsychologgand/or aural
rehabilitationspecialists.

Despitethe strengthsof our study,it alsohassomelimitations. First,in the presentstudy,
wecontrolledfor hearingthresholdsage yearsof educationanddepressionevelso investi-
gatethe effectof cognitivefunction on self-perceivethearinghandicap Although participants'
depressiveymptomswereevaluatecindadjustedn this studyandtherelationsbetween
depressiorandself-perceivethiearinghandicapwereindicatedin theliterature[36+38],0ther
psychologicabymptomsbesidesliepressiorfe.g. anxietyand apathy)could affecthearing
handicapThereforefurther studiesareneededo conductacomprehensiv@sychological
assessmemindto administerformal diagnosticcriteria suchasthe StructuredClinical Inter-
viewfor Diagnosticand StatisticaManualof Mental Disorders(SCID)[39] for theassessment
of psychiatricdiagnosesMoreover,in this study,we couldnot control for chronichealthcon-
ditions (e.g. hypertensioranddiabetes)n the participants.To date,it is still unclearwhich
potentialrisk factors(e.g. generahealthstatusand personalitytraits) [1,40]mayaffectdegrees
of self-perceivetiearinghandicaptherefore further studieswith systematicallgontrol for
potentialconfoundersareneededo betterunderstandhe effectof cognitivefunction on hear-
ing handicap Secondalthoughthe HHIE isthe mostcommonlyusedtool for evaluationof
hearinghandicapin the elderly[3], the HHIE alonemight not fully evaluateéhe social/situa-
tional andemotionalconsequencesf hearingimpairment. Third, becaus¢his studywas
cross-sectionah designjt would begreatlypreferabldo obtainlongitudinal datato assess
long-termrelationsbetweercognitivefunction andhearinghandicap Lastly further studies
with alargesamplesizewould be morerepresentativef the MCI populationandthuswould
beusefulto confirm the currentfindings.
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