


Introduction

Hearingimpairmentdoesnot necessarilyparallelself-perceptionof hearinghandicapin every-
daylife [1]. Accordingto theWorld HealthOrganization,hearinghandicaprefersto thenon-
auditoryconsequences,suchasemotionaldistressandrestrictionson socialengagement,for
anindividual dueto hearingimpairment[2]. Individualswith asimilardegreeof hearing
impairmentmayor maynot experiencesignificantself-perceivedhearinghandicapin their
daily livesbecausehearingimpairmentcancausedifferentemotionalandsocialimpactson
eachindividual [3]. Therefore,hearinghandicapisacomplexphenomenonthat involvesfar
morethanhearingimpairmentalone.

Bothaudiologicalandnon-audiologicalvariablesareassociatedwith self-perceivedhear-
ing handicap.Severalstudiesindicateanassociationbetweenself-perceivedhearinghandi-
capandpatientoutcomeson speech-in-noisemeasures[4±8].A recentstudysuggests
thatself-perceivedhearinghandicapcorrelatesmorehighlywith speech-in-noise
perceptionoutcomesthanwith generalhealth-relatedqualityof life [9]. Moreover,numer-
ousstudieshaveshownthatperipheralhearingsensitivityis correlatedwith self-perceived
hearinghandicapin old adults,but thecorrelationsareonly weak-to-moderate[1,10].
Audiometricmeasuresexplainlessthan50%of thevariancein self-perceptionof hearing
handicap[11].

Theaforementionedstudiessuggestthatnon-audiometricfactorsmayplayanimportant
role in self-perceivedhearinghandicapin old adults.Thus,factorsotherthanthedegreeof
hearingimpairmentmaycontributeto self-perceivedhearinghandicapin old adults.One
recentstudyon theimpactof cognitivefunction on self-perceivedhearinghandicapindicates
thatold adultswith highworking memorycapacityhavemorehearingdifficultiesin their
daily lives,andtheresultscontradicttheauthors'initial hypothesis[12]. Accordingly,the
authorsreasonedthatold adultswith highworking memorymayhaveamoreactivelifestyle,
thereforealargerelianceon their hearingabilities,andmayalsobemorelikely to identify
their difficulties.However,becausetheparticipantsin theaforementionedstudywerenot
screenedfor cognitivedisorders,thisstudydid not ruleout thepossibilitythatsomepartici-
pantsmayhavecognitivedisorders.Wespeculatethatcognitivefactorsmayaffectself-per-
ceivedhearinghandicapdifferentlyin cognitivelynormalold adultsandin cognitively
impairedold patients.

To overcomesuchlimitations,thisstudywascarefullydesignedin orderto accountfor the
effectof cognitivefunction on hearing-relateddifficulties.Wehypothesizedthatold patients
with mild cognitiveimpairment(MCI) wouldhavemorehearing-relateddifficultiesthantheir
hearingthreshold-matchedpeerswith normalcognitivefunction would.Specifically,we
hypothesizedthatMCI patientswith frontal-executivedysfunction(FED)wouldreportgreater
hearinghandicapthanthosewithout FED.Becausepreviousstudieshavedemonstratedthat
frontal-executivefunction stronglyimpactsspeech-in-noiseperceptionin patientswith MCI
[13,14]andspeech-in-noiseperceptionperformanceishighlycorrelatedwith self-perceived
hearinghandicap[4±9],wespeculatedthatMCI patientswith FEDwouldhavemorehearing-
relateddifficultiesthanthosewithout FED.To thebestof our knowledge,no previousstudies
havefocusedon self-perceivedhearinghandicapin patientswith MCI. Thepurposeof the
currentstudywasto compareself-perceivedhearinghandicapamongMCI subgroupsanda
cognitivelynormalelderly(CNE)groupandto determinewhichdemographic,audiometric,
andneuropsychologicalfactorsarecorrelatedwith self-perceivedhearinghandicapin each
group.
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Materials and methods

Participants

Werecruited46MCI patients,aged55to 80years,at theMemoryandDementiaClinic at the
Dong-A UniversityMedicalCenter.MCI wasdiagnosedaccordingto thePetersen'scriteria
[15]: 1) subjectivememorycomplaintsreportedbypatientsor informants;2) objectivecogni-
tive impairmentsasdefinedbyage-andeducation-adjustedscoresbelow-1.0standarddevia-
tions(SD)for at leastonetestin theneuropsychologicalbattery;3) without dementia
accordingto theDiagnosticandStatisticalManualof MentalDisorders-4th edition;and4)
normalactivitiesof daily living. Exclusioncriteria includedahistoryof majormedical,neuro-
logical,or psychiatricillness.TheMCI patientswerefurther classifiedinto patientswith FED
(n = 16;6menand10women)andpatientswithout FED(n = 30;6 menand24women).The
FEDpatientshadto meetthefollowingcriteria:1) age-andeducation-adjustedscoresbelow
-1.0SDon theanimalnamingor phonemic-letternamingtestsin theControlledOral Word
AssociationTest(COWAT) [16] and2) age-andeducation-adjustedscoresbelow-1.0SDon
thecolor readingin theKoreanversionof theColorWord StroopTest(K-CWST)[17]. If
patientsdid not meetthesecriteria,theywereclassifiedaspatientswithout FED.

Werecruited39cognitivelynormalold adults(14menand25women)asacontrol group.
Thecognitivelynormalold adultshadto meetthefollowingcriteria:1) no significantunderly-
ing medical,neurological,or psychiatricillness;2) normalperformanceasdefinedbyage-and
education-adjustedscoresabove-1.0SDon theKoreanversionof theMini-Mental State
Examination(K-MMSE)[18], digit span(forwardandbackward)[19], SeoulVerbalLearning
Test(SVLT)(immediateanddelayedrecall)[20], andCOWAT (animalandthree-phonemic-
letternaming);and3) no subjectivememorycomplaints.

Forhearingacuity,all subjectshadto meetthefollowing inclusioncriteria:1) no conduc-
tivecomponentson tympanometryandpuretoneaudiometry;2) hearingthresholdlevelsat
0.5,1,and2kHz� 25dBHL; 4 kHz� 40dBHL; and8kHz� 70dBHL for eachear;3) no
greaterthan10dBHL of inter-auralasymmetryon pure-toneaverages(PTAs)(averageof 0.5,
1,2,and4 kHz); 4) aspeechdiscriminationscore� 80%for eachear;and5) no previoususe
of hearingaids.Theelderlysubjectswererecruitedatarelativelyearlystageof age-related
hearingimpairment,whichischaracterizedby thresholdelevationbeginningathigh frequen-
cies.Table1 showsthedemographicdataandaudiometrictestresultsfor eachgroup.

Thisstudywasapprovedby theInstitutional ReviewBoardof theDong-AUniversityMedi-
calCenter,Busan,Korea(IRB#:16±048).Written informedconsentwasobtainedfrom every
participantbeforetheexperimentalprocedures.Thecapacityof participantsto giveinformed
consentwasassessedusingtheClinicalDementiaRating(CDR)scale[21]. It hasbeen
reportedthat theCDRcouldbesuggestedasamarkerof decisionalcapacityfor demented
individuals,andindividualswith CDRof 0 (no dementia)or 0.5(verymild dementiaor being
labeledasmild cognitiveimpairment)canunderstandconsentinformation describingarela-
tivelysimpleandnontreatmentresearchprotocol[22]. In thepresentstudy,all participants
weredividedinto cognitivelynormal(CDR= 0) or mild cognitiveimpairment(CDR= 0.5)
subgroups.Thecliniciandeterminedif thepatientshavethecapacityto givetheinformed
consent.

Experimental measurements

Audiometric assessments. All participantsunderwentpure-toneaudiometry,speech
audiometry,tympanometry,andspeech-in-noiseperceptiontests.Air andboneconduction
thresholdsweremeasuredwith aclinicalpure-toneaudiometer(GSI61;Grason-Stadler,Eden
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Prairie,MN, USA).WecalculatedthePTAsat0.5,1,2,and4kHz for eachear.Wemeasured
thespeechreceptionthreshold,speechdiscriminationscore,andmostcomfortableloudness
levelfor eachear.Speech-in-noiseperceptionwasmeasuredviasentencerecognitiontests
with speech-spectrumandmulti-talker babblebackgroundnoiseatasignal-to-noiseratio of
-5 dB.Themeansor mediansof thebinauralaverageof thepure-toneaudiometricthresholds
ateachfrequencyareshownin pure-toneaudiogramsfor eachgroup(Fig1).

Neuropsychological assessments. All participantsunderwentastandardizedneuropsy-
chologicaltest,theSeoulNeuropsychologicalScreeningBattery(SNSB)[20]. TheSNSBevalu-
atesfivecognitivedomains:attention,language,visuospatialfunction,visualandverbal
memory,andfrontal-executivefunction.Attention wasassessedusingforwardandbackward
digit spantests.LanguagewasexaminedusingtheKoreanversionof theBostonNamingTest
(K-BNT) [23]. Visuospatialfunction andvisualmemoryweremeasuredusingtheReyCom-
plexFigureTest(RCFT),which involvescopying,immediaterecall,20-minutedelayedrecall,
andrecognition.VerbalmemorywasevaluatedusingtheSVLT,which involvesthreetrials:
immediaterecall,20-minutedelayedrecall,andrecognitionof 12words.Frontal-executive

Table 1. Demographic data of patients and audiometric test results in each group.

MCI CNE(n = 39) p†

MCI with FED (n = 16) MCI without FED (n = 30)

Demographics

Age(years) 66.56± 6.12 68.56± 6.34 63.92± 4.84 0.008��

Men/women 6/10 6/24 14/25 0.296

Education(years) 7.00(6.00−11.25) 7.50(6.00−12.00) 12.00(9.00−14.00) 0.001��

K-MMSE 25.00(24.00−26.00) 26.00(24.75−29.00) 29.00(28.00−30.00) < 0.001���

SGDS 4.00(2.25−11.00) 3.50(2.00−8.00) 1.00(0.00−2.00) < 0.001���

Audiometric testresults³

PTAs 21.35± 5.23 18.52± 5.35 18.72± 4.52 0.079

0.25kHz 17.34± 5.35 14.33± 6.12 11.60± 4.53 0.002��

0.5kHz 17.18± 6.94 14.25± 7.25 15.06± 4.07 0.282

1 kHz 21.25(15.62−22.50) 17.50(12.50−22.50) 17.50(12.50−22.50) 0.464

2 kHz 25.00(22.50−25.00) 21.25(12.50−22.50) 20.00(15.00−22.50) 0.019�

4 kHz 35.00(25.00−37.50) 25.00(17.50−35.62) 22.50(22.50−35.00) 0.146

8 kHz 50.78± 15.10 48.83± 21.63 40.00± 16.79 0.066

SRT 22.50(18.12−25.00) 20.00(15.00−22.50) 20.00(15.00−22.50) 0.138

MCL 61.25(58.12−65.00) 60.00(55.00−62.50) 60.00(55.00−62.50) 0.243

SDS 98.00(92.00−100.00) 96.00(92.00−100.00) 100.00(96.00−100.00) 0.085

Speech-in-noiseperception

SSNcondition 34.68± 9.43 41.50± 19.40 56.02± 16.02 < 0.001���

MBN condition 16.40± 13.13 25.83± 16.60 53.02± 15.17 < 0.001���

Parametricandnonparametric dataarepresented asmean± standarddeviationandmedian(interquartile range),respectively.
�P < 0.05,
��P < 0.01,
���P < 0.001.
²Parametricandnonparametric datawereanalyzedusingone-wayanalysisof varianceandtheKruskal-Wallistest,respectively.
³All audiometric testresultswereexpressedasdBHL exceptfor theSDSandspeechperceptionresultsexpressed aspercentage.

Abbreviations:MCI, mild cognitiveimpairment;FED,frontal-executivedysfunction; CNE,cognitivelynormalelderly;K-MMSE,Koreanversionof Mini-Mental State

Examination; SGDS,Shortversionof GeriatricDepressionScale;PTAs,pure-toneaverages; SRT,speechreceptionthreshold;MCL, mostcomfortable loudnesslevel;

SDS,speechdiscriminationscore;SSN,speech-spectrum noise;MBN, multi-talker babblenoise.

https://doi.org/10.1371/journal.pone.0210014.t001
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function wasdeterminedusingtheCOWAT,whichassessessemanticandphonemicverbal
fluency,andtheK-CWST,whichinvolvesword andcolor readingof 112items.On the
K-CWST,participantsarerequiredto read112colorwordsprinted in incongruentcolored
ink in 120seconds(i.e.,word readingtask)andsubsequently,to nametheink colorof the
colorwords,whichdoesnot correspondto thesemanticmeaningof thecolorwords,in 120
seconds(i.e.,color readingtask).Theinterferencescoreof theK-CWSTiscalculatedbysub-
tractingthetime-per-itemof theword readingfrom thetime-per-itemof thecolor reading.
WeadministeredtheShortversionof theGeriatricDepressionScale(SGDS)[24] consistingof
15questionsto assessparticipants'levelsof depression.

Assessment of self-perceived hearing handicap. All participantscompletedtheKorean
versionof theHearingHandicapInventoryfor theElderly(K-HHIE) [25,26].Self-perceived
hearinghandicapwassupposedto beassessedusingtheHearingHandicapInventoryfor
Adults(HHIA) in participantsbelow65yearsold;however,becauseno standardizedKorean
versionof theHHIA isavailable,all participantsaged55to 80yearsunderwenttheK-HHIE in
thisstudy.In addition,thereliability of theK-HHIE in all respondentsagedover20yearsis
thesameasthat in respondentsagedover65years(i.e.,Cronbach'salphacoefficient= 0.95),
suggestingthat theK-HHIE canbeadaptedto all agegroups[26]. TheK-HHIE iscomposed

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://doi.org/10.1371/journal.pone.0210014.g001
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of 25items;amongtheseitems,13involveemotionalaspects(e.g.,ªDoesahearingproblem
makeyouirritable?º),and12involvesocial/situationalaspects(e.g.,ªDoesahearingproblem
causeyouto avoidgroupsof people?º).Respondentsareaskedto selectªyes,ºªsometimes,ºor
ªnoº for eachitem (4,2,or 0 points,respectively),andtheresponsesarecombinedto generate
emotional,social/situational,andtotal scores.Scoresrangefrom aminimum of 0 to amaxi-
mum of 48,52,and100for social/situational,emotional,andtotal scores,respectively.High
scoresindicateasignificantperceptionof hearinghandicapby respondents.

Statistical analysis

All continuousvariableswerefirst testedfor normality usingtheShapiro-Wilktest.Continu-
ousvariablesnot normallydistributed,presentedasmediansandinterquartileranges,were
analyzedusingtheKruskal-Wallistest.However,thecontinuousvariablesnormallydistrib-
uted,presentedasmeanandSD,wereanalyzedusingtheone-wayanalysisof variance.Sec-
ond,becausenormality wasrejectedfor thehearinghandicapscores,nonparametricanalysis
of covariancebasedon Quade'stestin SPSSwasusedto comparethehearinghandicapscores
amonggroupsafteradjustingfor age,yearsof education,anddepressionlevels.Post-hocanal-
yseswereconductedusingpairwisecomparisonswith Bonferronicorrectionsto examinethe
differencesamonggroups.Additionally,multiple regressionanalysisusingthebackwardelim-
ination approachwasperformedin orderto determinewhichindependentvariables,including
cognitiveimpairment,age,yearsof education,anddepressionlevels,werepredictorsof the
K-HHIE total scoresfor theentiresample.Third, for nonparametricpartialcorrelation,Spear-
manrank correlationcoefficients(rho) werecomputedbycontrolling for depressionlevelsin
eachgroupto examinethecorrelationsof self-perceivedhearinghandicapwith demographic,
audiometric,andneuropsychologicalvariables.AlphalevelsweresetatP = 0.05,andstatistical
analyseswerecarriedout usingSPSS23.0software.

Results

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

After controlling for age,yearsof education,anddepressionlevels,wefoundno significant
maineffectsof groupon social/situational(F1,83= 2.590,P = 0.111),emotional(F1,83= 1.494,
P = 0.225),andtotal scores(F1,83= 2.873,P = 0.094)on theK-HHIE. In addition,multiple
regressionanalysiswasperformedusingthebackwardeliminationapproachin orderto deter-
minewhichindependentvariables,includingcognitiveimpairment(MCI, CNE),age,yearsof
education,anddepressionlevels,werepredictorsof theK-HHIE total scoresfor theentire
sample.In thefinal model(F2,82= 20.133,P< 0.001,adjustedR2 = 0.313),depressionlevels
(B = 1.097,SE B = 0.204,β = 0.497,P< 0.001)andyearsof education(B = −0.364,SE B =
0.168,β = −0.201,P = 0.033)remainedsignificantwhileage(P = 0.917)andcognitive
impairment(P = 0.273)wereeliminatedfrom theanalysis.Simplelinearregressionanalysis
confirmedthat theyearsof educationanddepressionlevelsweresignificantlycorrelatedwith
theK-HHIE total scores,respectively(correlationcoefficient= −0.328,estimateof slope= −-
0.640,P< 0.001;correlationcoefficient= 0.503,estimateof slope= 1.132,P< 0.001).

Comparison of K-HHIE scores among the MCI with FED, MCI without

FED, and CNE groups

After controlling for age,yearsof education,anddepressionlevels,wefoundsignificantmain
effectsof groupon social/situational(F2,82= 9.576,P< 0.001),emotional(F2,82= 12.243,
P< 0.001),andtotal scores(F2,82= 10.889,P< 0.001)on theK-HHIE. Posthocanalysis
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revealedthat theMCI with FEDgroupscoredsignificantlyhigherthandid both theMCI with-
out FED(P< 0.001)andtheCNE(P< 0.001)groupson thesocial/situationalsection.In addi-
tion, theMCI with FEDgroupscoredsignificantlyhigherthandid theMCI without FED
(P< 0.001)andtheCNE(P< 0.001)groupson theemotionalsection.Moreover,theMCI
with FEDgroupscoredsignificantlyhigherin total scoresthandid theMCI without FED
(P< 0.001)andtheCNE(P< 0.001)groups.No significantdifferenceswerefoundbetween
theMCI without FEDandtheCNEgroupson thesocial/situational,emotional,andtotal
scoreson theK-HHIE (Fig2).

In addition,wealsoperformedmultiple regressionanalysisusingthebackwardelimination
approachin orderto determinewhichindependentvariables,includingcognitiveimpairment
(MCI with FED,MCI without FED,andCNE),age,yearsof education,anddepression
levels,werepredictorsof theK-HHIE total scoresfor theentiresample.Dummy codingwas
conductedfor cognitiveimpairmentwith theMCI with FEDgroupasthereferencegroup.
In thefinal model(F3,81= 32.427,P< 0.001,adjustedR2 = 0.529),CNE(dummyvariable)
(B = −10.939,SE B = 1.882,β = −0.676,P< 0.001),MCI without FED(dummyvariable)
(B = −11.148,SE B = 1.741,β = −0.661,P< 0.001),anddepressionlevels(B = 0.799,SE B =
0.195,β = 0.362,P< 0.001)remainedsignificantwhileage(P = 0.537)andyearsof education
(P = 0.143)wereeliminatedfrom theanalysis.

Partial correlations between K-HHIE total scores and demographic,

audiometric, or neuropsychological variables in each group

After controlling for depressionlevelsin theMCI with FEDgroup,wefoundsignificantcorre-
lationsbetweentheK-HHIE total scoreandthesentencerecognitionscorein thespeech-
spectrumnoisecondition (Spearman'srho = −0.532,P = 0.041),color readingtime peritem
(Spearman'srho = 0.595,P = 0.019),or interferencescores(Spearman'srho = 0.545,
P = 0.036)in theK-CWST.In theMCI without FEDgroup,wefoundasignificantcorrelation
betweentheK-HHIE total scoreandthesentencerecognitionscorein themulti-talker babble
noisecondition (Spearman'srho = −0.455,P = 0.013).In thetotalMCI group,wefoundsignif-
icantcorrelationsbetweentheK-HHIE total scoreandthesentencerecognitionscorein the
multi-talker babblenoisecondition (Spearman'srho = −0.539,P< 0.001),word reading
time peritem (Spearman'srho = 0.363,P = 0.014),or color readingscores(Spearman'srho =
−0.415,P = 0.005)in theK-CWST.In theCNEgroup,wefoundsignificantcorrelationsof the
K-HHIE total scorewith thePTA(Spearman'srho = 0.335,P = 0.040)or yearsof education
(Spearman'srho = 0.497,P = 0.002)(Table2).Scatterplotsof thesignificantpartialcorrela-
tionsareshownin Fig3.

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< 0.001.NS,not significant.

https://doi.org/10.1371/journal.pone.0210014.g002
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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[−0.036,0.765] −0.026[−0.385,0.350] −0.017[−0.316,0.291] −0.223[−0.529,0.099]

Education −0.408[−0.683,0.026] −0.251[−0.569,0.119] −0.267[−0.548,0.076] 0.497��[0.143,0.766]

Audiometric tests

PTAs 0.105[−0.246,0.494] 0.083[−0.264,0.437] 0.260[−0.030,0.548] 0.335�[0.021,0.602]

SDS −0.013[−0.504,0.408] 0.041[−0.344,0.405] −0.029[−0.341,0.271] −0.102[−0.446,0.332]

Speech-in-noiseperception

SSNcondition −0.532�[−0.842,−0.113] −0.016[−0.380,0.396] −0.187[−0.492,0.133] 0.261[−0.082,0.578]

MBN condition −0.378[−0.767,0.228] −0.455�[−0.727,−0.152] −0.539���[−0.699,−0.365] 0.250[−0.075,0.567]

Neuropsychologicaltests³

K-MMSE −0.160[−0.494,0.250] −0.100[−0.422,0.231] −0.267[−0.503,0.032] 0.179[−0.096,0.413]

Attention: Digit Span

Forward −0.040[−0.523,0.421] −0.239[−0.561,0.111] −0.058[−0.310,0.229] 0.002[−0.331,0.332]

Backward −0.042[−0.464,0.486] 0.116[−0.275,0.451] −0.068[−0.380,0.224] 0.197[−0.131,0.525]

Language:K-BNT 0.048[−0.580,0.538] −0.046[−0.383,0.324] −0.100[−0.385,0.158] -

Visuospatialfunction

RCFTcopy −0.420[−0.722,0.181] −0.048[−0.364,0.268] −0.139[−0.427,0.130] -

RCFTcopytime −0.341[−0.809,0.160] 0.171[−0.261,0.588] −0.056[−0.352,0.238] -

Verbalmemory:SVLT

Immediaterecall −0.189[−0.756,0.516] 0.251[−0.089,0.527] −0.020[−0.300,0.255] 0.075[−0.210,0.376]

Delayedrecall −0.086[−0.650,0.588] 0.274[−0.092,0.594] 0.034[−0.260,0.323] −0.056[−0.339,0.235]

Recognition 0.360[−0.194,0.871] 0.016[−0.332,0.371] −0.094[−0.397,0.219] −0.044[−0.318,0.224]

Visualmemory:RCFT

Immediaterecall −0.133[−0.502,0.284] 0.136[−0.273,0.489] −0.031[−0.343,0.276] -

Delayedrecall −0.113[−0.433,0.212] 0.135[−0.244,0.433] −0.044[−0.357,0.284] -

Recognition 0.004[−0.421,0.429] 0.064[−0.282,0.389] 0.062[−0.258,0.380] -

Frontal-executivefunction

COWAT: semantic

Animals −0.419[−0.723,0.029] 0.217[−0.158,0.599] −0.127[−0.394,0.150] 0.052[−0.300,0.385]

Supermarket 0.275[−0.205,0.621] −0.339[−0.664,0.025] −0.271[−0.503,0.013] 0.025[−0.276,0.343]

COWAT: phonemic,total 0.060[−0.499,0.638] −0.207[−0.565,0.203] −0.227[−0.484,0.051] 0.245[−0.058,0.492]

K-CWST:word reading −0.508[−0.830,0.012] 0.083[−0.317,0.455] −0.328[−0.553,0.052] -

Time per item 0.498[−0.090,0.805] 0.085[−0.247,0.426] 0.363�[0.119,0.578] -

K-CWST:color reading 0.214[−0.320,0.671] −0.014[−0.374,0.365] −0.415��[−0.641,−0.140] -

Time per item 0.595�[0.056,0.907] 0.092[−0.273,0.505] −0.192[−0.502,0.135] -

K-CWST:interferencescore 0.545�[0.100,0.834] 0.213[−0.176,0.585] 0.076[−0.287,0.423] -

Thelowerandupperlimits of the95%confidenceintervalsusingthebootstrapmethod areshownin squarebrackets.Only thecorrelation betweentheK-HHIE total

scoreandthesentencerecognitionscorein themulti-talker babblenoisecondition in thetotalMCI groupremainedsignificantafterapplyingaBonferroni correction

for multiple comparisons(P < 0.001).
�P < 0.05,
��P < 0.01,
���P < 0.001.
²Amongneuropsychologicaltests,only theK-MMSE,SVLT,COWAT,anddigit spantestswereconductedin theCNEgroup.
³Theneuropsychologicaltestresultswereconvertedinto age-andeducation-adjustedz-scoresbasedon thepublishednormativedata.

Abbreviations:K-HHIE, Koreanversionof HearingHandicapInventoryfor theElderly;MCI, mild cognitiveimpairment; FED,frontal-executivedysfunction; CNE,

cognitivelynormalelderly;PTAs,pure-toneaverages;SDS,speechdiscrimination score;SSN,speech-spectrum noise;MBN, multi-talker babblenoise;K-MMSE,

Koreanversionof Mini-Mental StateExamination; K-BNT,Koreanversionof BostonNamingTest;RCFT,ReyComplexFigureTest;SVLT,SeoulVerbalLearning

Test;COWAT,ControlledOral Word Association Test;K-CWST,Koreanversionof Color Word StroopTest.

https://doi.org/10.1371/journal.pone.0210014.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. Variables:yearsof education(A); pure-toneaverage(B);sentencerecognition scoresin speech-
spectrumnoise(C) andmulti-talkerbabblenoise(D) conditions;andword readingtime peritem(E),color readingtime peritem(F),numberof
correctresponsesof color reading(G),andinterferencescores(H) in theK-CWST.Forall panels,agroupshowingstatistically significant
correlationisdisplayedon thetop right corner.Forexample,in thepanelA, only theCNEgroupshowsastatistically significant correlation
betweentheK-HHI Etotalscoreandyearsof education.

https://doi.org/10.1371/journal.pone.0210014.g003
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Discussion

It is increasinglyagreedthatcognitivefactorsandaudiologicalfactorsareassociatedwith self-
perceivedhearinghandicap,especiallyin old adults,suggestingthatold adultswith cognitive
impairmentsmayhavemorehearing-relateddifficultiesthantheir hearingthreshold-matched
peerswith normalcognitivefunction.Asold adultswith hearinghandicapexperienceemo-
tional distressandrestrictionson socialengagementin everydaylife,whichultimatelyreduce
their qualityof life [2,27],it is important to studywhichfactorsadverselyimpacthearinghand-
icapandto identify whichgroupsaremorelikely to experiencehearingdifficultiesin everyday
life. In thisstudy,theself-reportedhearinghandicapin MCI patientswascomparedwith that
in hearingthreshold-matchedCNEsubjects.Thefactorsassociatedwith hearinghandicapin
eachgroupwerealsoexamined.Fourpointsin our findingsbearfurther discussion.

First,MCI patientswith FEDaremorelikely to experiencehearingdifficultiesin their daily
livescomparedwith thosewithout FEDor cognitivelynormalold adults.Consideringtherela-
tionshipbetweenworking memorycapacityandexecutivefunctioning[28], thefindingsin the
presentstudyaresomewhatinconsistentwith thosein apreviousstudy[12], whichindicates
thatold adultswith highworking memorycapacityreportedmorehearingdifficulties.Because
working memoryisoneof thecoreexecutivefunctions,alongwith responseinhibition, inter-
ferencecontrol,andcognitiveflexibility [29], working memorycapacityandfrontal-executive
function tasksshareacommonunderlyingexecutiveattentioncomponent[28]. On thisbasis,
weinterpret thepresentresultswith regardto working memorycapacityalthoughworking
memorycapacitywasnot directly investigatedasadiagnosticcriterion for FED.Prior studies
havereportedthepositiveassociationbetweenworkingmemorycapacityandreportedhear-
ing difficulties.However,wefound thenegativecorrelationbetweenexecutivefunction scores
andself-reportedhearinghandicapin patientswith MCI. In fact,it isquitecommonto experi-
encehearingdifficultieswhenexecutivefunctionsaredisrupted.Forexample,onelistener
with executivedysfunctionmayreportmoredifficultiesthananotherlistenerwith asimilar
degreeof hearinglossbut intactexecutivefunctioning in responseto thefollowingquestion:
ªDoesahearingproblemcauseyoudifficulty whenattendingaparty?ºHavingconversations
with peopleatapartyrequiresbothgoodcognitiveabilitiesandhearingto focusselectivelyon
targetspeechwhilefiltering out otherconversations[30,31].Therefore,deficitsin frontal-exec-
utivefunction (e.g.,working memory,behavioralinhibition, andselectiveattention)can
increasethesocial-emotionalconsequencesof hearingimpairments.

In thepresentstudy,amongmeasureson frontal-executivefunction,variablesrelatedto the
K-CWSTwerespecificallycorrelatedwith hearinghandicapscoresin theMCI groups.In the
MCI with FEDgroup,hearinghandicapscoreswerepositivelycorrelatedwith thecolor read-
ing time peritem andinterferencescore,whichiscalculatedbysubtractingthetime peritem
of theword readingfrom thetime peritem of thecolor reading.Moreover,in thetotalMCI
group,hearinghandicapscoreswerepositivelycorrelatedwith theword readingtime peritem
andwerenegativelycorrelatedwith thecolor readingscores.TheStrooptestmainlyassesses
theability to inhibit cognitiveinterferenceandtheprocessingspeedbymeasuringtheaccuracy
andspeedof performance[32]. Becauseparticipantsarerequiredto performalessautomated
task(i.e.,namingtheink color)while inhibiting theinterferencearisingfrom amoreauto-
matedtask(i.e.,readingthewritten word), theStroopeffectincreaseson thecolor reading
task[17]. Therefore,our resultsindicatethat themorevulnerablethepatientsareto cognitive
interference,themorehearingdifficultiestheyreport in their daily lives.Furthermore,our
findingsalsoindicatethatslowingin processingspeed,reflectedby increasedreadingtime per
item on theStrooptest,isassociatedwith increasedhearinghandicapin thepatientswith
MCI.
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Second,speechperceptionperformanceissignificantlycorrelatedwith self-perceivedhear-
ing handicapin patientswith MCI. Specifically,hearinghandicapscoreswerenegativelycorre-
latedwith thesentencerecognitionscoresin themulti-talker babblenoisecondition in the
MCI without FEDandtotalMCI groupsandin thespeech-spectrumnoisecondition in the
MCI with FEDgroup.However,it shouldbenotedthatonly thecorrelationbetweenthe
K-HHIE total scoreandthesentencerecognitionscorein themulti-talker babblenoisecondi-
tion in thetotalMCI groupremainedsignificantafterapplyingaBonferronicorrectionfor
multiple comparisons.Severalpreviousstudiesindicateanassociationbetweenself-perceived
hearinghandicapandoutcomeson speech-in-noisemeasures[4±8].Thefindingssuggestthat
deficitsin speech-in-noiseperceptiontestsreflectsubjectivehearingdifficultiesin daily life
andthatmulti-talker babblenoiseconditionsbetterreflectnoisylisteningsituationsthando
speech-spectrumnoiseconditionsin everydaylife. It iswellknown thatspeechperceptionis
cognitivelymoredemandingwhenit ismaskedby interferingspeech,suchasmulti-talker bab-
blenoise(i.e.,informationalmasking),thanmeaninglessnoise,suchasspeech-spectrumnoise
(i.e.,energeticmasking)[30,31,33].Therefore,patientswith MCI aremorelikely to havediffi-
cultiesin thepresenceof informationalmaskingthanenergeticmasking.Interestinglyand
unexpectedly,no suchcorrelationswerefound in theCNEgroup.Thefindingsmaysuggest
thatotheraudiologicalfactors(e.g.,peripheralhearingsensitivity),ratherthanspeech-in-noise
perceptionor cognitivefactors,havegreateffectson subjectivehearingdifficultiesin cogni-
tivelynormalold adults.

Third, peripheralhearingsensitivityexplainslittle of thevariancein MCI patients'self-
reportedhearinghandicap.Thedegreeof peripheralhearinglosswasnot oneof thefactors
correlatedwith subjectivehearingdifficultiesin theMCI patients.In theCNEgroup,we
foundarelativelylow correlationbetweenhearingsensitivityandself-perceivedhearinghand-
icap.In addition,althoughnumerousstudieshaveshownthatperipheralhearingsensitivityis
correlatedwith self-perceivedhearinghandicapin old listeners,thecorrelationsareonly weak
to moderate[1,10].Moreover,audiometricmeasuresonly explainlessthanhalfof thevariance
in hearinghandicap[11]. Thesefindingsindicatethathearingimpairmentdoesnot parallel
theself-perceptionof hearinghandicapin everydaylife in old adults.Especially,in old adults
with cognitiveimpairment,cognitivefunction and/orspeech-in-noiseperceptionperfor-
mancearemorelikely to beassociatedwith hearinghandicap.

Thefourth discussionpoint is thatwefoundasignificantpositivecorrelationbetweenhear-
ing handicapscoresandyearsof educationin theCNEgroup.Althoughno suchcorrelations
werefound in theMCI groups,old adultswith highereducationreportedgreaterhearing
handicapthanthosewith lowereducationin theCNEgroup.Theresultsaresomewhatconsis-
tentwith thosein apreviousstudy,whichdemonstratesthat lessthan12yearsof educationis
anassociatedfactorfor lessself-perceivedhearinghandicap[34]. Theassociationbetween
highereducationallevelandmorehearingdifficultiescouldbebecausecognitivelynormalold
adultswith higheducationtendto havegreaterdemandson hearingandcommunicationabili-
tiesin their lifestyles,thusbetteridentifyingtheir difficultiesin reallife. In contrast,in thecog-
nitively impairedold adults,cognitivefactorsotherthantheeducationallevelmayhighly
affectself-perceivedhearinghandicap.

Interestingly,multiple regressionanalysisfor theentiresamplerevealedthatyearsof educa-
tion anddepressionlevelswerepossiblepredictorsof thehearinghandicapscores,but thecor-
relationbetweenhearinghandicapandyearsof educationwasnegative.Thisnegative
correlationfor theentiresamplewasin theoppositedirectionfrom that for theCNEgroup.
Thisresultcouldsuggestthateducationallevelmayaffecthearinghandicapdifferentlyin cog-
nitively normalold adultsandin cognitivelyimpairedold patients.Asshownin Fig3A, incon-
sistentwith thepositivecorrelationobservedin theCNEgroup,thecorrelationsbetweenyears
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of educationandhearinghandicapwereall negativein theMCI groupsalthoughnoneof
themwasstatisticallysignificant.However,veryfewstudieshaveinvestigatedtheeffectof
theeducationallevelon hearinghandicapboth in thecognitivelynormalandin the
cognitivelyimpairedelderlygroups.Therefore,further studiesareneededto confirm thepres-
ent findings.

Finally,multiple regressionanalysisfor theentiresampleconfirmedthatdepressionlevel
wasalsoasignificantpositivepredictorof hearinghandicapscores.That is,themorethat
olderlistenersshowedsymptomsof depression,themoretheyhadhearingdifficulties.It is
wellknown thatdepressionsymptomsadverselyimpactcognitivefunction in elderlypeople
[35]. Symptomsof depressionmaybeassociatedwith hearinghandicapthroughacasualpath-
waymediatedbycognitivedysfunctionandincreasedcognitiveloadin daily life.Although
somepreviousstudiesalsoindicatedthatdepressionsignswererelatedto self-perceivedhear-
ing handicap[36±38],further researchon theeffectof depressionon hearinghandicapis
necessary.

Notably,thisstudysuggeststhatMCI patientswith FEDexperiencemorehearingdifficul-
tiesthando their peerswith normalcognitivefunction or MCI patientswithout FEDin daily
life.Cognitivefunction,especiallyfrontal-executivefunction andspeech-in-noiseperception
performance,iscorrelatedwith self-perceivedhearinghandicapin elderlypatientswith MCI.
Thisstudyindicatesthat,in clinicalpractice,theself-assessmentof hearinghandicap,in addi-
tion to audiometricassessments,needsto beconductedin orderto evaluateeachindividual's
hearingdifficultiesin daily life. If old adultsreportmorehearingproblemsthando their hear-
ing threshold-matchedpeers,theymayhavecognitiveimpairments,especiallyin frontal-exec-
utivefunction.Therefore,thoseold adultsshouldbeconsideredfor assessmentand
interventionon neuropsychologicalfunction. In audiologicalsettings,clinicianscanprovide
properinterventionservicesto thesepatientsbyearlyreferralto neuropsychologyand/oraural
rehabilitationspecialists.

Despitethestrengthsof our study,it alsohassomelimitations.First,in thepresentstudy,
wecontrolledfor hearingthresholds,age,yearsof education,anddepressionlevelsto investi-
gatetheeffectof cognitivefunction on self-perceivedhearinghandicap.Althoughparticipants'
depressivesymptomswereevaluatedandadjustedin thisstudyandtherelationsbetween
depressionandself-perceivedhearinghandicapwereindicatedin theliterature[36±38],other
psychologicalsymptomsbesidesdepression(e.g.,anxietyandapathy)couldaffecthearing
handicap.Therefore,further studiesareneededto conductacomprehensivepsychological
assessmentandto administerformaldiagnosticcriteriasuchastheStructuredClinical Inter-
viewfor DiagnosticandStatisticalManualof MentalDisorders(SCID)[39] for theassessment
of psychiatricdiagnoses.Moreover,in thisstudy,wecouldnot control for chronichealthcon-
ditions (e.g.,hypertensionanddiabetes)in theparticipants.To date,it isstill unclearwhich
potentialrisk factors(e.g.,generalhealthstatusandpersonalitytraits) [1,40]mayaffectdegrees
of self-perceivedhearinghandicap;therefore,further studieswith systematicallycontrol for
potentialconfoundersareneededto betterunderstandtheeffectof cognitivefunction on hear-
ing handicap.Second,althoughtheHHIE is themostcommonlyusedtool for evaluationof
hearinghandicapin theelderly[3], theHHIE alonemight not fully evaluatethesocial/situa-
tional andemotionalconsequencesof hearingimpairment.Third, becausethisstudywas
cross-sectionalin design,it wouldbegreatlypreferableto obtainlongitudinaldatato assess
long-termrelationsbetweencognitivefunction andhearinghandicap.Lastly,further studies
with alargesamplesizewouldbemorerepresentativeof theMCI populationandthuswould
beusefulto confirm thecurrentfindings.
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