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Abstract

Itis increasingly agreed upon that cognitive and audiological factors are associated with
self-perceived hearing handicap in old adults. This study aimed to compare self-perceived
hearing handicap among mild cognitive impairment (MCI) subgroups and a cognitively nor-
mal elderly (CNE) group and determine which factors (i.e., demographic, audiometric, or
neuropsychological factors) are correlated with self-perceived hearing handicap in each
group. A total of 46 MCI patients and 39 hearing threshold-matched CNE subjects partici-
pated in this study, and their age ranged from 55 to 80 years. The MCI patients were reclas-
sified into two groups: 16 with frontal-executive dysfunction (FED) and 30 without FED. All
subjects underwent audiometric, neuropsychological, and self-perceived hearing handicap
assessments. The Korean version of the Hearing Handicap Inventory for the Elderly (K-
HHIE) was administered to obtain the hearing handicap scores for each subject. After con-
trolling for age, years of education, and depression levels, we found no significant differ-
ences in the K-HHIE scores between the MCI and the CNE groups. However, after we
classified the MCI patients into the MCI with FED and MCI without FED groups, the MCI
with FED group scored significantly higher than did both the MCI without FED and the CNE
groups. In addition, after controlling for depression levels, significant partial correlations of
hearing handicap scores with frontal-executive function scores and speech-in-noise per-
ception performance were found in the MCI groups. In the CNE group, the hearing handi-
cap scores were related to peripheral hearing sensitivity and years of education. In
summary, MCI patients with FED are more likely to experience everyday hearing handicap
than those without FED and cognitively normal old adults. Although educational level and
peripheral hearing function are related to self-perceived hearing handicap in cognitively
normal old adults, speech-in-noise perception and frontal-executive function are mainly
associated with hearing handicap in patients with MCI.
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Introduction

Hearing impairment does not necessarily parallel self-perception of hearing handicap in every-
day life [1]. According to the World Health Organization, hearing handicap refers to the non-
auditory consequences, such as emotional distress and restrictions on social engagement, for
an individual due to hearing impairment [2]. Individuals with a similar degree of hearing
impairment may or may not experience significant self-perceived hearing handicap in their
daily lives because hearing impairment can cause different emotional and social impacts on
each individual [3]. Therefore, hearing handicap is a complex phenomenon that involves far
more than hearing impairment alone.

Both audiological and non-audiological variables are associated with self-perceived hear-
ing handicap. Several studies indicate an association between self-perceived hearing handi-
cap and patient outcomes on speech-in-noise measures [4-8]. A recent study suggests
that self-perceived hearing handicap correlates more highly with speech-in-noise
perception outcomes than with general health-related quality of life [9]. Moreover, numer-
ous studies have shown that peripheral hearing sensitivity is correlated with self-perceived
hearing handicap in old adults, but the correlations are only weak-to-moderate [1,10].
Audiometric measures explain less than 50% of the variance in self-perception of hearing
handicap [11].

The aforementioned studies suggest that non-audiometric factors may play an important
role in self-perceived hearing handicap in old adults. Thus, factors other than the degree of
hearing impairment may contribute to self-perceived hearing handicap in old adults. One
recent study on the impact of cognitive function on self-perceived hearing handicap indicates
that old adults with high working memory capacity have more hearing difficulties in their
daily lives, and the results contradict the authors’ initial hypothesis [12]. Accordingly, the
authors reasoned that old adults with high working memory may have a more active lifestyle,
therefore a large reliance on their hearing abilities, and may also be more likely to identify
their difficulties. However, because the participants in the aforementioned study were not
screened for cognitive disorders, this study did not rule out the possibility that some partici-
pants may have cognitive disorders. We speculate that cognitive factors may affect self-per-
ceived hearing handicap differently in cognitively normal old adults and in cognitively
impaired old patients.

To overcome such limitations, this study was carefully designed in order to account for the
effect of cognitive function on hearing-related difficulties. We hypothesized that old patients
with mild cognitive impairment (MCI) would have more hearing-related difficulties than their
hearing threshold-matched peers with normal cognitive function would. Specifically, we
hypothesized that MCI patients with frontal-executive dysfunction (FED) would report greater
hearing handicap than those without FED. Because previous studies have demonstrated that
frontal-executive function strongly impacts speech-in-noise perception in patients with MCI
[13,14] and speech-in-noise perception performance is highly correlated with self-perceived
hearing handicap [4-9], we speculated that MCI patients with FED would have more hearing-
related difficulties than those without FED. To the best of our knowledge, no previous studies
have focused on self-perceived hearing handicap in patients with MCI. The purpose of the
current study was to compare self-perceived hearing handicap among MCI subgroups and a
cognitively normal elderly (CNE) group and to determine which demographic, audiometric,
and neuropsychological factors are correlated with self-perceived hearing handicap in each

group.
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Materials and methods
Participants

We recruited 46 MCI patients, aged 55 to 80 years, at the Memory and Dementia Clinic at the
Dong-A University Medical Center. MCI was diagnosed according to the Petersen’s criteria
[15]: 1) subjective memory complaints reported by patients or informants; 2) objective cogni-
tive impairments as defined by age- and education-adjusted scores below -1.0 standard devia-
tions (SD) for at least one test in the neuropsychological battery; 3) without dementia
according to the Diagnostic and Statistical Manual of Mental Disorders-4" edition; and 4)
normal activities of daily living. Exclusion criteria included a history of major medical, neuro-
logical, or psychiatric illness. The MCI patients were further classified into patients with FED
(n =16; 6 men and 10 women) and patients without FED (n = 30; 6 men and 24 women). The
FED patients had to meet the following criteria: 1) age- and education-adjusted scores below
-1.0 SD on the animal naming or phonemic-letter naming tests in the Controlled Oral Word
Association Test (COWAT) [16] and 2) age- and education-adjusted scores below -1.0 SD on
the color reading in the Korean version of the Color Word Stroop Test (K-CWST) [17]. If
patients did not meet these criteria, they were classified as patients without FED.

We recruited 39 cognitively normal old adults (14 men and 25 women) as a control group.
The cognitively normal old adults had to meet the following criteria: 1) no significant underly-
ing medical, neurological, or psychiatric illness; 2) normal performance as defined by age- and
education-adjusted scores above -1.0 SD on the Korean version of the Mini-Mental State
Examination (K-MMSE) [18], digit span (forward and backward) [19], Seoul Verbal Learning
Test (SVLT) (immediate and delayed recall) [20], and COWAT (animal and three-phonemic-
letter naming); and 3) no subjective memory complaints.

For hearing acuity, all subjects had to meet the following inclusion criteria: 1) no conduc-
tive components on tympanometry and pure tone audiometry; 2) hearing threshold levels at
0.5,1,and 2 kHz < 25 dB HL; 4 kHz < 40 dB HL; and 8 kHz < 70 dB HL for each ear; 3) no
greater than 10 dB HL of inter-aural asymmetry on pure-tone averages (PTAs) (average of 0.5,
1, 2, and 4 kHz); 4) a speech discrimination score > 80% for each ear; and 5) no previous use
of hearing aids. The elderly subjects were recruited at a relatively early stage of age-related
hearing impairment, which is characterized by threshold elevation beginning at high frequen-
cies. Table 1 shows the demographic data and audiometric test results for each group.

This study was approved by the Institutional Review Board of the Dong-A University Medi-
cal Center, Busan, Korea (IRB#: 16-048). Written informed consent was obtained from every
participant before the experimental procedures. The capacity of participants to give informed
consent was assessed using the Clinical Dementia Rating (CDR) scale [21]. It has been
reported that the CDR could be suggested as a marker of decisional capacity for demented
individuals, and individuals with CDR of 0 (no dementia) or 0.5 (very mild dementia or being
labeled as mild cognitive impairment) can understand consent information describing a rela-
tively simple and nontreatment research protocol [22]. In the present study, all participants
were divided into cognitively normal (CDR = 0) or mild cognitive impairment (CDR = 0.5)
subgroups. The clinician determined if the patients have the capacity to give the informed
consent.

Experimental measurements

Audiometric assessments. All participants underwent pure-tone audiometry, speech
audiometry, tympanometry, and speech-in-noise perception tests. Air and bone conduction
thresholds were measured with a clinical pure-tone audiometer (GSI 61; Grason-Stadler, Eden
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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 test results®
PTAs 21.35+5.23 18.52 + 5.35 18.72 + 4.52 0.079
0.25 kHz 17.34 + 5.35 14.33 +6.12 11.60 + 4.53 0.002**
0.5 kHz 17.18 + 6.94 14.25 +7.25 15.06 + 4.07 0.282
1kHz 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-noise perception
SSN condition 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"**

Parametric and nonparametric data are presented as mean + standard deviation and median (interquartile range), respectively.

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

"Parametric and nonparametric data were analyzed using one-way analysis of variance and the Kruskal-Wallis test, respectively.

*All audiometric test results were expressed as dB HL except for the SDS and speech perception results expressed as percentage.

Abbreviations: MCI, mild cognitive impairment; FED, frontal-executive dysfunction; CNE, cognitively normal elderly; K-MMSE, Korean version of Mini-Mental State

Examination; SGDS, Short version of Geriatric Depression Scale; PTAs, pure-tone averages; SRT, speech reception threshold; MCL, most comfortable loudness level;

SDS, speech discrimination score; SSN, speech-spectrum noise; MBN, multi-talker babble noise.

https://doi.org/10.1371/journal.pone.0210014.t001

Prairie, MN, USA). We calculated the PTAs at 0.5, 1, 2, and 4 kHz for each ear. We measured
the speech reception threshold, speech discrimination score, and most comfortable loudness
level for each ear. Speech-in-noise perception was measured via sentence recognition tests
with speech-spectrum and multi-talker babble background noise at a signal-to-noise ratio of
-5 dB. The means or medians of the binaural average of the pure-tone audiometric thresholds
at each frequency are shown in pure-tone audiograms for each group (Fig 1).
Neuropsychological assessments. All participants underwent a standardized neuropsy-
chological test, the Seoul Neuropsychological Screening Battery (SNSB) [20]. The SNSB evalu-
ates five cognitive domains: attention, language, visuospatial function, visual and verbal
memory, and frontal-executive function. Attention was assessed using forward and backward
digit span tests. Language was examined using the Korean version of the Boston Naming Test
(K-BNT) [23]. Visuospatial function and visual memory were measured using the Rey Com-
plex Figure Test (RCFT), which involves copying, immediate recall, 20-minute delayed recall,
and recognition. Verbal memory was evaluated using the SVLT, which involves three trials:
immediate recall, 20-minute delayed recall, and recognition of 12 words. 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://doi.org/10.1371/journal.pone.0210014.9001

function was determined using the COWAT, which assesses semantic and phonemic verbal
fluency, and the K-CWST, which involves word and color reading of 112 items. On the
K-CWST, participants are required to read 112 color words printed in incongruent colored
ink in 120 seconds (i.e., word reading task) and subsequently, to name the ink color of the
color words, which does not correspond to the semantic meaning of the color words, in 120
seconds (i.e., color reading task). The interference score of the K-CWST is calculated by sub-
tracting the time-per-item of the word reading from the time-per-item of the color reading.
We administered the Short version of the Geriatric Depression Scale (SGDS) [24] consisting of
15 questions to assess participants’ levels of depression.

Assessment of self-perceived hearing handicap. All participants completed the Korean
version of the Hearing Handicap Inventory for the Elderly (K-HHIE) [25,26]. Self-perceived
hearing handicap was supposed to be assessed using the Hearing Handicap Inventory for
Adults (HHIA) in participants below 65 years old; however, because no standardized Korean
version of the HHIA is available, all participants aged 55 to 80 years underwent the K-HHIE in
this study. In addition, the reliability of the K-HHIE in all respondents aged over 20 years is
the same as that in respondents aged over 65 years (i.e., Cronbach’s alpha coefficient = 0.95),
suggesting that the K-HHIE can be adapted to all age groups [26]. The K-HHIE is composed
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of 25 items; among these items, 13 involve emotional aspects (e.g., “Does a hearing problem
make you irritable?”), and 12 involve social/situational aspects (e.g., “Does a hearing problem
cause you to avoid groups of people?”). Respondents are asked to select “yes,” “
“no” for each item (4, 2, or 0 points, respectively), and the responses are combined to generate
emotional, social/situational, and total scores. Scores range from a minimum of 0 to a maxi-
mum of 48, 52, and 100 for social/situational, emotional, and total scores, respectively. High
scores indicate a significant perception of hearing handicap by respondents.

. »
sometimes, or

Statistical analysis

All continuous variables were first tested for normality using the Shapiro-Wilk test. Continu-
ous variables not normally distributed, presented as medians and interquartile ranges, were
analyzed using the Kruskal-Wallis test. However, the continuous variables normally distrib-
uted, presented as mean and SD, were analyzed using the one-way analysis of variance. Sec-
ond, because normality was rejected for the hearing handicap scores, nonparametric analysis
of covariance based on Quade’s test in SPSS was used to compare the hearing handicap scores
among groups after adjusting for age, years of education, and depression levels. Post-hoc anal-
yses were conducted using pairwise comparisons with Bonferroni corrections to examine the
differences among groups. Additionally, multiple regression analysis using the backward elim-
ination approach was performed in order to determine which independent variables, including
cognitive impairment, age, years of education, and depression levels, were predictors of the
K-HHIE total scores for the entire sample. Third, for nonparametric partial correlation, Spear-
man rank correlation coefficients (rho) were computed by controlling for depression levels in
each group to examine the correlations of self-perceived hearing handicap with demographic,
audiometric, and neuropsychological variables. Alpha levels were set at P = 0.05, and statistical
analyses were carried out using SPSS 23.0 software.

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

After controlling for age, years of education, and depression levels, we found no significant
main effects of group on social/situational (F; g3 = 2.590, P = 0.111), emotional (F) g3 = 1.494,
P =0.225), and total scores (F) g3 = 2.873, P = 0.094) on the K-HHIE. In addition, multiple
regression analysis was performed using the backward elimination approach in order to deter-
mine which independent variables, including cognitive impairment (MCI, CNE), age, years of
education, and depression levels, were predictors of the K-HHIE total scores for the entire
sample. In the final model (F, 5, = 20.133, P < 0.001, adjusted R* = 0.313), depression levels
(B=1.097, SE B=0.204, B = 0.497, P < 0.001) and years of education (B = —0.364, SE B =
0.168, p = —0.201, P = 0.033) remained significant while age (P = 0.917) and cognitive
impairment (P = 0.273) were eliminated from the analysis. Simple linear regression analysis
confirmed that the years of education and depression levels were significantly correlated with
the K-HHIE total scores, respectively (correlation coefficient = —0.328, estimate of slope = —-
0.640, P < 0.001; correlation coefficient = 0.503, estimate of 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, years of education, and depression levels, we found significant main

effects of group on social/situational (F, g, = 9.576, P < 0.001), emotional (F, g, = 12.243,
P < 0.001), and total scores (F, g, = 10.889, P < 0.001) on the K-HHIE. Post hoc analysis
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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 < 0.001. NS, not significant.

https://doi.org/10.1371/journal.pone.0210014.g002

revealed that the MCI with FED group scored significantly higher than did both the MCI with-
out FED (P < 0.001) and the CNE (P < 0.001) groups on the social/situational section. In addi-
tion, the MCI with FED group scored significantly higher than did the MCI without FED

(P < 0.001) and the CNE (P < 0.001) groups on the emotional section. Moreover, the MCI
with FED group scored significantly higher in total scores than did the MCI without FED

(P < 0.001) and the CNE (P < 0.001) groups. No significant differences were found between
the MCI without FED and the CNE groups on the social/situational, emotional, and total
scores on the K-HHIE (Fig 2).

In addition, we also performed multiple regression analysis using the backward elimination
approach in order to determine which independent variables, including cognitive impairment
(MCI with FED, MCI without FED, and CNE), age, years of education, and depression
levels, were predictors of the K-HHIE total scores for the entire sample. Dummy coding was
conducted for cognitive impairment with the MCI with FED group as the reference group.

In the final model (Fs g; = 32.427, P < 0.001, adjusted R* = 0.529), CNE (dummy variable)
(B=-10.939, SE B=1.882, B = -0.676, P < 0.001), MCI without FED (dummy variable)
(B=-11.148, SE B=1.741, B = -0.661, P < 0.001), and depression levels (B = 0.799, SE B =
0.195, B = 0.362, P < 0.001) remained significant while age (P = 0.537) and years of education
(P = 0.143) were eliminated from the analysis.

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

After controlling for depression levels in the MCI with FED group, we found significant corre-
lations between the K-HHIE total score and the sentence recognition score in the speech-
spectrum noise condition (Spearman’s rho = —0.532, P = 0.041), color reading time per item
(Spearman’s rho = 0.595, P = 0.019), or interference scores (Spearman’s rho = 0.545,

P =0.036) in the K-CWST. In the MCI without FED group, we found a significant correlation
between the K-HHIE total score and the sentence recognition score in the multi-talker babble
noise condition (Spearman’s rho = —0.455, P = 0.013). In the total MCI group, we found signif-
icant correlations between the K-HHIE total score and the sentence recognition score in the
multi-talker babble noise condition (Spearman’s rho = —0.539, P < 0.001), word reading

time per item (Spearman’s rho = 0.363, P = 0.014), or color reading scores (Spearman’s rho =
—0.415, P = 0.005) in the K-CWST. In the CNE group, we found significant correlations of the
K-HHIE total score with the PTA (Spearman’s rho = 0.335, P = 0.040) or years of education
(Spearman’s rho = 0.497, P = 0.002) (Table 2). Scatter plots of the significant partial correla-
tions are shown in 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, 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-noise perception

SSN condition -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]

Neuropsychological tests*

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]

Visuospatial function

RCFT copy

-0.420[-0.722, 0.181]

-0.048[—0.364, 0.268]

-0.139[-0.427, 0.130]

RCFT copy time

~0.341[-0.809, 0.160]

0.171[-0.261, 0.588]

~0.056[-0.352, 0.238]

Verbal memory: SVLT

Immediate recall

-0.189[-0.756, 0.516]

0.251[-0.089, 0.527]

-0.020[-0.300, 0.255]

0.075[-0.210, 0.376]

Delayed recall

~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]

Visual memory: RCFT

Immediate recall

-0.133[-0.502, 0.284]

0.136[-0.273, 0.489]

~0.031[-0.343, 0.276]

Delayed recall

~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-executive function

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: interference score

0.545*[0.100, 0.834]

0.213[-0.176, 0.585]

0.076[0.287, 0.423]

The lower and upper limits of the 95% confidence intervals using the bootstrap method are shown in square brackets. Only the correlation between the K-HHIE total
score and the sentence recognition score in the multi-talker babble noise condition in the total MCI group remained significant after applying a Bonferroni correction
for multiple comparisons (P < 0.001).

*P < 0.05,

**P <0.01,

***P < 0.001.

TAmong neuropsychological tests, only the K-MMSE, SVLT, COWAT, and digit span tests were conducted in the CNE group.

*The neuropsychological test results were converted into age- and education-adjusted z-scores based on the published normative data.

Abbreviations: K-HHIE, Korean version of Hearing Handicap Inventory for the Elderly; MCI, mild cognitive impairment; FED, frontal-executive dysfunction; CNE,
cognitively normal elderly; PTAs, pure-tone averages; SDS, speech discrimination score; SSN, speech-spectrum noise; MBN, multi-talker babble noise; K-MMSE,
Korean version of Mini-Mental State Examination; K-BNT, Korean version of Boston Naming Test; RCFT, Rey Complex Figure Test; SVLT, Seoul Verbal Learning
Test; COWAT, Controlled Oral Word Association Test; K-CWST, Korean version of Color Word Stroop Test.

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: years of education (A); pure-tone average (B); sentence recognition scores in speech-
spectrum noise (C) and multi-talker babble noise (D) conditions; and word reading time per item (E), color reading time per item (F), number of
correct responses of color reading (G), and interference scores (H) in the K-CWST. For all panels, a group showing statistically significant
correlation is displayed on the top right corner. For example, in the panel A, only the CNE group shows a statistically significant correlation
between the K-HHIE total score and years of education.

https://doi.org/10.1371/journal.pone.0210014.9003
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Discussion

It is increasingly agreed that cognitive factors and audiological factors are associated with self-
perceived hearing handicap, especially in old adults, suggesting that old adults with cognitive
impairments may have more hearing-related difficulties than their hearing threshold-matched
peers with normal cognitive function. As old adults with hearing handicap experience emo-
tional distress and restrictions on social engagement in everyday life, which ultimately reduce
their quality of life [2,27], it is important to study which factors adversely impact hearing hand-
icap and to identify which groups are more likely to experience hearing difficulties in everyday
life. In this study, the self-reported hearing handicap in MCI patients was compared with that
in hearing threshold-matched CNE subjects. The factors associated with hearing handicap in
each group were also examined. Four points in our findings bear further discussion.

First, MCI patients with FED are more likely to experience hearing difficulties in their daily
lives compared with those without FED or cognitively normal old adults. Considering the rela-
tionship between working memory capacity and executive functioning [28], the findings in the
present study are somewhat inconsistent with those in a previous study [12], which indicates
that old adults with high working memory capacity reported more hearing difficulties. Because
working memory is one of the core executive functions, along with response inhibition, inter-
ference control, and cognitive flexibility [29], working memory capacity and frontal-executive
function tasks share a common underlying executive attention component [28]. On this basis,
we interpret the present results with regard to working memory capacity although working
memory capacity was not directly investigated as a diagnostic criterion for FED. Prior studies
have reported the positive association between working memory capacity and reported hear-
ing difficulties. However, we found the negative correlation between executive function scores
and self-reported hearing handicap in patients with MCI. In fact, it is quite common to experi-
ence hearing difficulties when executive functions are disrupted. For example, one listener
with executive dysfunction may report more difficulties than another listener with a similar
degree of hearing loss but intact executive functioning in response to the following question:
“Does a hearing problem cause you difficulty when attending a party?” Having conversations
with people at a party requires both good cognitive abilities and hearing to focus selectively on
target speech while filtering out other conversations [30,31]. Therefore, deficits in frontal-exec-
utive function (e.g., working memory, behavioral inhibition, and selective attention) can
increase the social-emotional consequences of hearing impairments.

In the present study, among measures on frontal-executive function, variables related to the
K-CWST were specifically correlated with hearing handicap scores in the MCI groups. In the
MCI with FED group, hearing handicap scores were positively correlated with the color read-
ing time per item and interference score, which is calculated by subtracting the time per item
of the word reading from the time per item of the color reading. Moreover, in the total MCI
group, hearing handicap scores were positively correlated with the word reading time per item
and were negatively correlated with the color reading scores. The Stroop test mainly assesses
the ability to inhibit cognitive interference and the processing speed by measuring the accuracy
and speed of performance [32]. Because participants are required to perform a less automated
task (i.e., naming the ink color) while inhibiting the interference arising from a more auto-
mated task (i.e., reading the written word), the Stroop effect increases on the color reading
task [17]. Therefore, our results indicate that the more vulnerable the patients are to cognitive
interference, the more hearing difficulties they report in their daily lives. Furthermore, our
findings also indicate that slowing in processing speed, reflected by increased reading time per
item on the Stroop test, is associated with increased hearing handicap in the patients with
MCL
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Second, speech perception performance is significantly correlated with self-perceived hear-
ing handicap in patients with MCI. Specifically, hearing handicap scores were negatively corre-
lated with the sentence recognition scores in the multi-talker babble noise condition in the
MCI without FED and total MCI groups and in the speech-spectrum noise condition in the
MCI with FED group. However, it should be noted that only the correlation between the
K-HHIE total score and the sentence recognition score in the multi-talker babble noise condi-
tion in the total MCI group remained significant after applying a Bonferroni correction for
multiple comparisons. Several previous studies indicate an association between self-perceived
hearing handicap and outcomes on speech-in-noise measures [4-8]. The findings suggest that
deficits in speech-in-noise perception tests reflect subjective hearing difficulties in daily life
and that multi-talker babble noise conditions better reflect noisy listening situations than do
speech-spectrum noise conditions in everyday life. It is well known that speech perception is
cognitively more demanding when it is masked by interfering speech, such as multi-talker bab-
ble noise (i.e., informational masking), than meaningless noise, such as speech-spectrum noise
(i.e., energetic masking) [30,31,33]. Therefore, patients with MCI are more likely to have diffi-
culties in the presence of informational masking than energetic masking. Interestingly and
unexpectedly, no such correlations were found in the CNE group. The findings may suggest
that other audiological factors (e.g., peripheral hearing sensitivity), rather than speech-in-noise
perception or cognitive factors, have great effects on subjective hearing difficulties in cogni-
tively normal old adults.

Third, peripheral hearing sensitivity explains little of the variance in MCI patients’ self-
reported hearing handicap. The degree of peripheral hearing loss was not one of the factors
correlated with subjective hearing difficulties in the MCI patients. In the CNE group, we
found a relatively low correlation between hearing sensitivity and self-perceived hearing hand-
icap. In addition, although numerous studies have shown that peripheral hearing sensitivity is
correlated with self-perceived hearing handicap in old listeners, the correlations are only weak
to moderate [1,10]. Moreover, audiometric measures only explain less than half of the variance
in hearing handicap [11]. These findings indicate that hearing impairment does not parallel
the self-perception of hearing handicap in everyday life in old adults. Especially, in old adults
with cognitive impairment, cognitive function and/or speech-in-noise perception perfor-
mance are more likely to be associated with hearing handicap.

The fourth discussion point is that we found a significant positive correlation between hear-
ing handicap scores and years of education in the CNE group. Although no such correlations
were found in the MCI groups, old adults with higher education reported greater hearing
handicap than those with lower education in the CNE group. The results are somewhat consis-
tent with those in a previous study, which demonstrates that less than 12 years of education is
an associated factor for less self-perceived hearing handicap [34]. The association between
higher educational level and more hearing difficulties could be because cognitively normal old
adults with high education tend to have greater demands on hearing and communication abili-
ties in their lifestyles, thus better identifying their difficulties in real life. In contrast, in the cog-
nitively impaired old adults, cognitive factors other than the educational level may highly
affect self-perceived hearing handicap.

Interestingly, multiple regression analysis for the entire sample revealed that years of educa-
tion and depression levels were possible predictors of the hearing handicap scores, but the cor-
relation between hearing handicap and years of education was negative. This negative
correlation for the entire sample was in the opposite direction from that for the CNE group.
This result could suggest that educational level may affect hearing handicap differently in cog-
nitively normal old adults and in cognitively impaired old patients. As shown in Fig 3A, incon-
sistent with the positive correlation observed in the CNE group, the correlations between years
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of education and hearing handicap were all negative in the MCI groups although none of
them was statistically significant. However, very few studies have investigated the effect of

the educational level on hearing handicap both in the cognitively normal and in the
cognitively impaired elderly groups. Therefore, further studies are needed to confirm the pres-
ent findings.

Finally, multiple regression analysis for the entire sample confirmed that depression level
was also a significant positive predictor of hearing handicap scores. That is, the more that
older listeners showed symptoms of depression, the more they had hearing difficulties. It is
well known that depression symptoms adversely impact cognitive function in elderly people
[35]. Symptoms of depression may be associated with hearing handicap through a casual path-
way mediated by cognitive dysfunction and increased cognitive load in daily life. Although
some previous studies also indicated that depression signs were related to self-perceived hear-
ing handicap [36-38], further research on the effect of depression on hearing handicap is
necessary.

Notably, this study suggests that MCI patients with FED experience more hearing difficul-
ties than do their peers with normal cognitive function or MCI patients without FED in daily
life. Cognitive function, especially frontal-executive function and speech-in-noise perception
performance, is correlated with self-perceived hearing handicap in elderly patients with MCL
This study indicates that, in clinical practice, the self-assessment of hearing handicap, in addi-
tion to audiometric assessments, needs to be conducted in order to evaluate each individual’s
hearing difficulties in daily life. If old adults report more hearing problems than do their hear-
ing threshold-matched peers, they may have cognitive impairments, especially in frontal-exec-
utive function. Therefore, those old adults should be considered for assessment and
intervention on neuropsychological function. In audiological settings, clinicians can provide
proper intervention services to these patients by early referral to neuropsychology and/or aural
rehabilitation specialists.

Despite the strengths of our study, it also has some limitations. First, in the present study,
we controlled for hearing thresholds, age, years of education, and depression levels to investi-
gate the effect of cognitive function on self-perceived hearing handicap. Although participants’
depressive symptoms were evaluated and adjusted in this study and the relations between
depression and self-perceived hearing handicap were indicated in the literature [36-38], other
psychological symptoms besides depression (e.g., anxiety and apathy) could affect hearing
handicap. Therefore, further studies are needed to conduct a comprehensive psychological
assessment and to administer formal diagnostic criteria such as the Structured Clinical Inter-
view for Diagnostic and Statistical Manual of Mental Disorders (SCID) [39] for the assessment
of psychiatric diagnoses. Moreover, in this study, we could not control for chronic health con-
ditions (e.g., hypertension and diabetes) in the participants. To date, it is still unclear which
potential risk factors (e.g., general health status and personality traits) [1,40] may affect degrees
of self-perceived hearing handicap; therefore, further studies with systematically control for
potential confounders are needed to better understand the effect of cognitive function on hear-
ing handicap. Second, although the HHIE is the most commonly used tool for evaluation of
hearing handicap in the elderly [3], the HHIE alone might not fully evaluate the social/situa-
tional and emotional consequences of hearing impairment. Third, because this study was
cross-sectional in design, it would be greatly preferable to obtain longitudinal data to assess
long-term relations between cognitive function and hearing handicap. Lastly, further studies
with a large sample size would be more representative of the MCI population and thus would
be useful to confirm the current findings.

PLOS ONE | https://doi.org/10.1371/journal.pone.0210014 March 6, 2019 12/15


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

®PLOS | one

Self-perceived hearing handicap in the elderly with MCI

Supporting information
S1 Table. Means or medians of neuropsychological test scores for individual tests in each

group.
(DOCX)

Author Contributions

Conceptualization: Soo Jung Lee, HyangHee Kim, Kyung Won Park.

Data curation: Soo Jung Lee, Kyung Won Park.

Formal analysis: Soo Jung Lee, HyangHee Kim, Kyung Won Park.

Funding acquisition: Kyung Won Park.

Investigation: Soo Jung Lee, Ji-Hye Kim, Kyung Won Park.

Methodology: Soo Jung Lee, HyangHee Kim, Lee-Suk Kim, Ji-Hye Kim, Kyung Won Park.
Supervision: Soo Jung Lee, HyangHee Kim, Kyung Won Park.

Writing - original draft: Soo Jung Lee.

Writing - review & editing: Soo Jung Lee, HyangHee Kim, Lee-Suk Kim, Kyung Won Park.

References

1.  ChangHP, Ho CY, Chou P. The factors associated with a self-perceived hearing handicap in elderly
people with hearing impairment-results from a community-based study. Ear Hear. 2009; 30: 576-583.
https://doi.org/10.1097/AUD.0b013e3181ac127a PMID: 19633566

2. World Health Organization (WHO). International classification of functioning, disability and health: ICF.
Geneva: World Health Organization; 2001.

3. Souza VC, Lemos SM. Tools for evaluation of restriction on auditory participation: systematic review of
the literature. CoDAS. 2015; 27: 400-406. https://doi.org/10.1590/2317-1782/20152015008 PMID:
26398265

4. Golding M, Taylor A, Cupples L, Mitchell P. Odds of demonstrating auditory processing abnormality in
the average older adult: the Blue Mountains Hearing Study. Ear Hear. 2006; 27: 129—138. https://doi.
org/10.1097/01.aud.0000202328.19037.ff PMID: 16518141

5. Chmiel R, Jerger J. Hearing aid use, central auditory disorder, and hearing handicap in elderly persons.
J Am Acad Audiol. 1996; 7: 190-202. PMID: 8780992

6. Chmiel R, Jerger J. Some factors affecting assessment of hearing handicap in the elderly. J Am Acad
Audiol. 1993; 4: 249-257. PMID: 8369542

7. Jerger J, Oliver TA, Pirozzolo F. Impact of central auditory processing disorder and cognitive deficit on
the self-assessment of hearing handicap in the elderly. J Am Acad Audiol. 1990; 1: 75-80. PMID:
2132589

8. Eckert MA, Matthews LJ, Dubno JR. Self-assessed hearing handicap in older adults with poorer-than-
predicted speech recognition in noise. J Speech Lang Hear Res. 2017; 60: 251-262. https://doi.org/10.
1044/2016_JSLHR-H-16-0011 PMID: 28060993

9. Heinrich A, Henshaw H, Ferguson MA. The relationship of speech intelligibility with hearing sensitivity,
cognition, and perceived hearing difficulties varies for different speech perception tests. Front Psychol.
2015; 6: 782. https://doi.org/10.3389/fpsyg.2015.00782 PMID: 26136699

10. Quaranta N, Coppola F, Casulli M, Barulli O, Lanza F, Tortelli R, et al. The prevalence of peripheral and
central hearing impairment and its relation to cognition in older adults. Audiol Neurotol. 2014; 19: 10—14.

11.  Weinstein BE, Ventry IM. Audiologic correlates of hearing handicap in the elderly. J Speech Hear Res.
1983; 26: 148—-151. PMID: 6865371

12. Zekveld AA, George EL, Houtgast T, Kramer SE. Cognitive abilities relate to self-reported hearing dis-
ability. J Speech Lang Hear Res. 2013; 56: 1364—1372. https://doi.org/10.1044/1092-4388(2013/12-
0268) PMID: 23838985

PLOS ONE | https://doi.org/10.1371/journal.pone.0210014 March 6, 2019 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210014.s001
https://doi.org/10.1097/AUD.0b013e3181ac127a
http://www.ncbi.nlm.nih.gov/pubmed/19633566
https://doi.org/10.1590/2317-1782/20152015008
http://www.ncbi.nlm.nih.gov/pubmed/26398265
https://doi.org/10.1097/01.aud.0000202328.19037.ff
https://doi.org/10.1097/01.aud.0000202328.19037.ff
http://www.ncbi.nlm.nih.gov/pubmed/16518141
http://www.ncbi.nlm.nih.gov/pubmed/8780992
http://www.ncbi.nlm.nih.gov/pubmed/8369542
http://www.ncbi.nlm.nih.gov/pubmed/2132589
https://doi.org/10.1044/2016_JSLHR-H-16-0011
https://doi.org/10.1044/2016_JSLHR-H-16-0011
http://www.ncbi.nlm.nih.gov/pubmed/28060993
https://doi.org/10.3389/fpsyg.2015.00782
http://www.ncbi.nlm.nih.gov/pubmed/26136699
http://www.ncbi.nlm.nih.gov/pubmed/6865371
https://doi.org/10.1044/1092-4388(2013/12-0268)
https://doi.org/10.1044/1092-4388(2013/12-0268)
http://www.ncbi.nlm.nih.gov/pubmed/23838985
https://doi.org/10.1371/journal.pone.0210014

®PLOS | one

Self-perceived hearing handicap in the elderly with MCI

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lee SJ, Park KW, Kim LS, Kim H. Effects of noise level and cognitive function on speech perception in
normal elderly and elderly with amnestic mild cognitive impairment. Cogn Behav Neurol. 2016; 29: 68—
77. https://doi.org/10.1097/WNN.0000000000000092 PMID: 27336804

Gates GA, Gibbons LE, McCurry SM, Crane PK, Feeney MP, Larson EB. Executive dysfunction and
presbycusis in older persons with and without memory loss and dementia. Cogn Behav Neurol. 2010;
23:218-228. https://doi.org/10.1097/WNN.0b013e3181d748d7 PMID: 21150347

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med. 2004; 256: 183—194.
https://doi.org/10.1111/j.1365-2796.2004.01388.x PMID: 15324362

Kang YW, Chin JH, Na DL, Lee J, Park JS. A normative study of the Korean version of Controlled Oral
Word Association Test (COWAT) in the elderly. Korean J Clin Psychol. 2000; 19: 385-392.

Lee JH, Kang YW, Na DL. Efficiencies of stroop interference indexes in healthy older adults and demen-
tia patients. Korean J Clin Psychol. 2000; 19: 807-818.

Kang YW. A normative study of the Korean-Mini Mental State Examination (K-MMSE) in the elderly.
Korean J Psychol. 2006; 25: 1-12.

Kang YW, Chin JH, Na DL. A normative study of the digit span test for the elderly. Korean J Clin Psy-
chol. 2002; 21: 911-922.

Kang YW, Na DL. Seoul Neuropsychological Screening Battery (SNSB). Seoul: Human Brain
Research & Consulting co; 2003.

Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules. Neurology. 1993; 43:
2412-2414.

Buckles VD, Powlishta KK, Palmer JL, Coats M, Hosto T, Buckley A, et al. Understanding of informed
consent by demented individuals. Neurology. 2003; 61: 1662—1666. PMID: 14694026

Kim H, Na DL. Normative data on the Korean version of the Boston Naming Test. J Clin Exp Neuropsy-
chol. 1999; 21: 127—-133. https://doi.org/10.1076/jcen.21.1.127.942 PMID: 10421007

Kang YW, Jang SM, Na DL. Seoul Neuropsychological Screening Battery (SNSB). 2nd ed. Seoul:
Human Brain Research & Consulting co; 2012.

Weinstein BE, Spitzer JB, Ventry IM. Test-retest reliability of the Hearing Handicap Inventory for the
Elderly. Ear Hear. 1986; 7: 295-299. PMID: 3770324

Park SN, Han GC, Cho YS, Byun JY, Shin JE, Chu HS, et al. Standardization for a Korean version of
hearing handicap inventory for the elderly. Korean J Otorhinolaryngol-Head Neck Surg. 2011; 54:
828-834.

Schow R, Gatehouse S. Fundamental issues in self-assessment of hearing. Ear Hear. 1990; 11:
6S—-16S. PMID: 2269416

McCabe DP, Roediger HL Ill, McDaniel MA, Balota DA, Hambrick DZ. The relationship between work-
ing memory capacity and executive functioning: evidence for a common executive attention construct.
Neuropsychology 2010; 24: 222—243. https://doi.org/10.1037/a0017619 PMID: 20230116

Diamond A. Executive functions. Annu Rev Psychol 2013; 64: 135-168. https://doi.org/10.1146/
annurev-psych-113011-143750 PMID: 23020641

Mattys SL, Davis MH, Bradlow AR, Scott SK. Speech recognition in adverse conditions: a review. Lang
Cogn Process. 2012; 27: 953-978.

Mattys SL, Brooks J, Cooke M. Recognizing speech under a processing load: dissociating energetic
from informational factors. Cogn Psychol. 2009; 59: 203-243. hitps://doi.org/10.1016/j.cogpsych.2009.
04.001 PMID: 19423089

Scarpina F, Tagini S. The stroop color and word test. Front Psychol. 2017; 8: 557. https://doi.org/10.
3389/fpsyg.2017.00557 PMID: 28446889

Koelewijn T, Zekveld AA, Festen JM, Ronnberg J, Kramer SE. Processing load induced by informa-
tional masking is related to linguistic abilities. Int J Otolaryngol. 2012; 2012: 865731. https://doi.org/10.
1155/2012/865731 PMID: 23091495

Wiley TL, Cruickshanks KJ, Nondahl DM, Tweed TS. Self-reported hearing handicap and audiometric
measures in older adults. J Am Acad Audiol 2000; 11: 67—75. PMID: 10685672

Snyder HR. Major depressive disorder is associated with broad impairments on neuropsychological
measures of executive function: a meta-analysis and review. Psycholog Bull. 2013; 139(1):81-132.

Eriksson-Mangold M, Carlsson SG. Psychological and somatic distress in relation to perceived hearing
disability, hearing handicap, and hearing measurements. J Psychosom Res. 1991; 35: 729-740. PMID:
1791587

Tremblay KL, Pinto A, Fischer ME, Klein BE, Klein R, Levy S, et al. Self-reported hearing difficulties
among adults with normal audiograms: The Beaver Dam Offspring Study. Ear Hear. 2015; 36:
290-299.

PLOS ONE | https://doi.org/10.1371/journal.pone.0210014 March 6, 2019 14/15


https://doi.org/10.1097/WNN.0000000000000092
http://www.ncbi.nlm.nih.gov/pubmed/27336804
https://doi.org/10.1097/WNN.0b013e3181d748d7
http://www.ncbi.nlm.nih.gov/pubmed/21150347
https://doi.org/10.1111/j.1365-2796.2004.01388.x
http://www.ncbi.nlm.nih.gov/pubmed/15324362
http://www.ncbi.nlm.nih.gov/pubmed/14694026
https://doi.org/10.1076/jcen.21.1.127.942
http://www.ncbi.nlm.nih.gov/pubmed/10421007
http://www.ncbi.nlm.nih.gov/pubmed/3770324
http://www.ncbi.nlm.nih.gov/pubmed/2269416
https://doi.org/10.1037/a0017619
http://www.ncbi.nlm.nih.gov/pubmed/20230116
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
http://www.ncbi.nlm.nih.gov/pubmed/23020641
https://doi.org/10.1016/j.cogpsych.2009.04.001
https://doi.org/10.1016/j.cogpsych.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19423089
https://doi.org/10.3389/fpsyg.2017.00557
https://doi.org/10.3389/fpsyg.2017.00557
http://www.ncbi.nlm.nih.gov/pubmed/28446889
https://doi.org/10.1155/2012/865731
https://doi.org/10.1155/2012/865731
http://www.ncbi.nlm.nih.gov/pubmed/23091495
http://www.ncbi.nlm.nih.gov/pubmed/10685672
http://www.ncbi.nlm.nih.gov/pubmed/1791587
https://doi.org/10.1371/journal.pone.0210014

o @
@ : PLOS | ONE Self-perceived hearing handicap in the elderly with MClI

38. Kim SY, Kim HJ, Kim MS, Park B, Kim JH, Choi HG. Discrepancy between self-assessed hearing status
and measured audiometric evaluation. PLoS ONE. 2017; 12: e0182718. https://doi.org/10.1371/
journal.pone.0182718 PMID: 28792529

39. First MB, Williams JBW, Karg RS, Spitzer RL. Structured clinical interview for DSM-5—Research ver-
sion (SCID-5 for DSM-5, research version; SCID-5-RV). Arlington, VA: American Psychiatric Associa-
tion; 2015.

40. Cox RM, Alexander GC, Gray GA. Personality, hearing problems, and amplification characteristics:
contributions to self-report hearing aid outcomes. Ear Hear. 2007; 28: 141-162. https://doi.org/10.1097/
AUD.0Ob013e31803126a4 PMID: 17496667

PLOS ONE | https://doi.org/10.1371/journal.pone.0210014 March 6, 2019 15/15


https://doi.org/10.1371/journal.pone.0182718
https://doi.org/10.1371/journal.pone.0182718
http://www.ncbi.nlm.nih.gov/pubmed/28792529
https://doi.org/10.1097/AUD.0b013e31803126a4
https://doi.org/10.1097/AUD.0b013e31803126a4
http://www.ncbi.nlm.nih.gov/pubmed/17496667
https://doi.org/10.1371/journal.pone.0210014

