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Background and Objectives: The relationship between hearing aid (HA) use and improvement in cognitive function is not fully known. This study aimed to determine whether HAs
could recover temporal resolution or hearing in noise functions. Materials and Methods:
We designed a prospective study with two groups: HA users and controls. Patients older
than 45 years, with a pure tone average threshold of worse than 40 dB and a speech
discrimination score better than 60% in both ears were eligible. Central auditory processing tests and hearing in noise tests (HINTs) were evaluated at the beginning of the study
and 1, 3, 6, and 12 months after the use of a monaural HA in the HA group compared
to the control group. The changes in the evaluation parameters were statistically analyzed using the linear mixed model. Results: A total of 26 participants (13 in the HA and
13 in the control group) were included in this study. The frequency (p<0.01) and duration
test (p=0.02) scores showed significant improvements in the HA group after 1 year, while
the HINT scores showed no significant change. Conclusions: After using an HA for one
year, patients performed better on temporal resolution tests. No improvement was documented with regard to hearing in noise.
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Introduction
Hearing loss is a general problem in aged people. World
Health Organization estimated that approximately one-third
of persons over 65 years are affected by disabling hearing loss.
The prevalence of hearing loss among people of advanced
economies aged >65 years is 0.6%, which is comparable to
data from South Korea (0.46%-0.5%) [1]. Globally, the
prevalence of hearing impairment ≥35 dB HL for males aged
≥15 years was 12.2% (9.7%-16.2%), whereas for females
aged ≥15 years it was 9.8% (7.7%-13.2%) [2].
Hearing loss is known to be a risk factor for cognition disorders and dementia [3]. According to the Baltimore study,
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

the population with hearing loss has a higher risk for having a
cognitive disorder (3.4 times) than the population without
hearing loss (hearing level better than 25 dB) [4]. Also, hearing aid (HA) users show a lower risk for developing a cognitive disorder than hearing loss patients that do not use HAs [5].
However, among the patients with moderate sensorineural
hearing loss, only 40% of them use HAs [6].
One of the hearing-related cognition abilities is central auditory processing (CAP). CAP is an ability to separate and integrate the words heard in both ears [7]. Using CAP, we can
hear the fine structures of speech [8]. The ability to distinguish words in the presence of noise is an essential function to
hear well and to understand everyday conversation [9]. CAP
and the function of hearing in noise are important for better
hearing and conversation. Understanding sound in the presence of ambient noise is an innate ability to hear. However,
many patients with hearing loss suffer from decreases in this
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function [10].
Although the relationship between hearing loss and cognitive dysfunction has been suggested, a causal relation has not
yet been addressed. The hearing loss itself may be related to
cognitive dysfunction [11,12] or hearing loss-related depression,
or social segregation may lead to cognitive dysfunction [13].
The relationship between HA use and the improvement of
cognitive function has previously been suggested [5]. The authors used cognitive test parameters, such as reaction time,
pairs matching, and fluid intelligence to test whether the association between hearing impairment and cognition may be
mediated by HA use, social isolation and/or depression. However, this relationship needs to be supported by further studies. In this study, we enrolled patients with moderate hearing
loss and evaluated CAP and the hearing in noise function in
these patients according to the use of a HA. Temporal resolution tests were used to evaluate CAP and hearing in noise tests
(HINTs) were used to evaluate the hearing in noise function.
The aim of this study was to evaluate whether HAs could recover temporal resolution or the hearing in noise function.

Materials and Methods
Patients
We designed a nonrandomized prospective study of two
groups: HA users and control patients. Among patients who
visited the out-patient clinic complaining of hearing loss, those
older than 45 years of age, with a pure tone average (PTA)
threshold worse than 40 dB and a speech discrimination score
(SDS) better than 60% in both ears were selected to participate. We recommended the use of HAs to these patients; the
actual decision to use a HA was made by the patient according to his or her preference. According to the patient’s decision, participants were divided into two groups: a HA group
of patients who started to use a monaural HA for the first time
and a control group of patients who did not use HAs until the
end of the study. HAs were used unilaterally. These patients
used unilateral HAs until the end of this study (Fig. 1).
Evaluation parameters
For the selection of participants, pure tone audiometry,
speech audiometry, impedance audiometry, distortion product otoacoustic emission, and auditory brainstem response
were used. HAs were adjusted according to the pure tone audiometry, real ear measurement and functional gain tests. For
the evaluation of CAP, temporal resolution tests (duration and
frequency tests) and dichotic spondee words test were used
[14-16]. For frequency test, 3 pure tones ranging from 880 Hz
to 1,122 Hz are generated so that the frequency of 1 tone is

Patients older than 45 years, with a pure
tone average threshold worse than 40 dB
and speech discrimination score better
than 60% in both ears (n=62)

Refused participation in the
study (n=30)
Patients with bilateral hearing loss
(n=32)
Discontinued participation
within 3 months (n=6)

Patients with HA
(n=13)

Control group
(n=13)

Fig. 1. Flowchart describing patients in the study. HA: hearing aid.

different from the other 2. Using these tones, various tonal
combinations are created. Subject is asked to identify high or
low from 30 sets of tone combinations. For the duration test,
3 pure tones of 1,000 Hz lasting either 500 or 250 msec are
generated so that the length of 1 tone is different from the other 2. Using these tones, various tonal combinations are created. Subject is asked to identify long or short from 30 sets of
tone combinations. For dichotic spondee words test, different
words are given to each of the subject’s right and left ear, simultaneously. This was carried out in a soundproof booth using bisyllabic words given at most comfortable level. Subjects
were asked to identify the 2 words out of 4 choices given on
the test sheet. Each test comprises 30 sets of tasks and the score
(out of 30) is converted to percentage scores (out of 100).
To assess sentence recognition in the presence of noise,
HINT was used [17]. Our main criterion to monitor hearing in
noise was the reception threshold for sentence (RTS). RTSs
were determined by averaging the presentation levels at which
sentences can be recognized 50% of the time with noise presented at 65 dB [18]. Noise was presented from the front (0
degrees azimuth), right and left. Measures in the quiet condition were recorded in dBA and in the noise conditions, dB signal to noise ratio. The noise composite score was defined as
(2×noise front+noise right+noise left)/4. CAP tests and HINTs
were evaluated at the beginning of the study and 3, 6, 9, and 12
months after the use of a HA. The participants were tested in the
unaided condition.
Ethics
This study protocol was approved by the Institutional Review Board (2013-0455 and 2016-0574) and registered in the
public access site (www.clinicaltrials.gov, NCT01897181).
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Statistics
The initial evaluation parameters were compared between
the HA and the control group using a Mann-Whitney test and
a chi-square test, as appropriate. Changes of the evaluation parameters were analyzed using the linear mixed model. Linear
mixed regression models were built to estimate the betweengroup differences and the within-group changes (baseline vs.
follow-up measures). Standard errors were estimated with the
restricted maximum likelihood function, and type III F-tests
were preferred. Differences between the groups were examined with planned comparisons at each time point (least square
difference tests). The within-group analyses included all five
measurements in the time factor. Differences with p<0.05 were
considered significant. All analyses were conducted in SPSS
version 23 (IBM, Armonk, NY, USA).

the HA was significantly worse than the SDS of any ears of the
control group. The mean thresholds for frequencies of 0.5, 1, 2,
and 3 kHz are shown in Fig. 2. The latency of wave V at a
stimulation with 90 dB HL was 5.79±0.31 msec in the right
and 5.85±0.40 msec in the left ear of the control group and
5.81±0.27 msec and 6.00±0.50 msec in the HA group, respectively. There was no statistical difference in wave V and
I-V latency between the control and HA groups.
The mean aided PTA was 33.82±7.24 dB and the mean aided word recognition score was 90.59%±10.35%.
Changes of hearing in noise after use of HA
Estimates and standard errors of HINT scores at initial, 3,
Table 1. Patient characteristics
Variable

Results
Patients
Sixty-two patients were screened, and 32 participants were
enrolled. Six patients discontinued participation within 3
months, and 26 participants (13 in the HA and 13 in the control group) finished the study. The patients chose their HA
from 6 different manufacturers, 5 completely-in-the-canal, 7
receiver-in-the-canal, and 1 in-the-ear style HA. Characteristics of patients are summarized in Table 1. There was no significant difference between the two groups regarding age, sex,
and duration of discomfort.
All patients showed bilateral moderate hearing loss. SDS
was better than 60% in all patients. The initial hearing levels
of the control and HA groups are shown in Table 1. There
was no statistical difference between control and HA groups
in initial hearing levels, except SDS. SDS of the ear wearing
1 kHz

2 kHz

0.32

48.0±8.5

0.07
0.06

Right ear

94.8±5.8

90.0±9.9

Left ear

94.8±5.5

84.6±13.6 0.01

ABR wave V latency (msec)
Right ear

5.79±0.31 5.81±0.27 0.44

Left ear

5.85±0.40 6.00±0.50 0.23

ABR wave I-V latency (msec)
Right ear

4.21±0.26 4.06±0.22 0.11

Left ear

4.16±0.30 4.15±0.48 0.48

Data are presented as mean±standard deviation or number.
PTA: pure tone average, SD: speech discrimination, HA: hearing aid, ABR: auditory brainstem response
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5:8

47.8±14.7 45.6±8.6
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60

80

100
Control
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B

120

Fig. 2. Mean pure tone thresholds of the right ear (A) and left ear (B). HA: hearing aid.
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Fig. 3. Estimates and standard errors of hearing in noise test scores at initial, 3, 6, 9, and 12 months calculated by the linear mixed model
performed in quiet (A), with noise from front (B), with noise from right (C), with noise from left (D), and composite score (E). HA: hearing aid,
S/N: signal to noise ratio.

6, 9, and 12 months calculated by the linear mixed model are
shown in Fig. 3. The change in HINT scores over time was not
different between the HA and control groups. There were significant effects of group with quiet conditions (p<0.01), noise
from the front (p=0.01), noise from the right (p=0.04) and the
composite score (p=0.02). There was no significant effect of
group observed in the noise from the left condition (p=0.13).
Additionally, there were no effects of time with regard to all
HINT parameters.
Changes of temporal processing after use of HA
Estimates and standard errors of the frequency, duration,
and dichotic tests at initial, 3, 6, 9, and 12 months calculated
by the linear mixed model are shown in Fig. 4. There was no
significant effect of group observed in the results of the frequency, duration, and dichotic tests. There were significant effects of time regarding the frequency test (p<0.01), and the duration test (p=0.02), but not the dichotic test. Within the HA
group, the time point at which the scores of the frequency test
started to improve was at 6 months onwards; the scores of the

duration test began to improve after 9 months of HA use.

Discussion
This was a prospective study evaluating changes in hearing
in noise abilities and temporal processing after use of a monaural HA in patients with bilateral hearing loss. Our data showed
improvements in frequency and duration tests after 1 year of HA
use. However, we did not observe changes in hearing in noise
abilities or dichotic listening within this period. This suggested
that the use of HAs may have some beneficial effect on the
participants’ auditory performance, even when tested under
unamplified conditions.
The improvements in the frequency and duration tests could
be attributed to the fact that most of the patients in the HA
group had a sloping audiogram with hearing loss in the higher
frequencies. Using a HA could have aided them to perform
better after amplification of the higher frequencies, especially
on the frequency test. Duration and frequency tests are used to
evaluate the temporal resolution of signal perception, which
www.ejao.org
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Fig. 4. Estimates and standard errors of the frequency (A), duration (B), right dichotic (C), and left dichotic (D) test scores at initial, 3, 6,
9, and 12 months calculated by the linear mixed model. *indicates p<0.05 for overall time p-value. HA: hearing aid.

has been shown to improve with HA use [19,20]. The duration
pattern test demonstrates good sensitivity (86%) and specificity (92%) in adults. The frequency pattern test demonstrates
83% for both sensitivity and specificity [16].
In the current study, the results of the dichotic test did not
show improvement over the course of 1 year. This could be
because the participants were only fitted with a monaural HA.
In the study by Lavie, et al. [21], in which two-thirds of the
study participants were fitted sequentially with a one-month
term, participants did not show improvements in dichotic scores
after 1 month of monaural HA use. However, after being fitted
bilaterally, the participants’ dichotic scores improved at the
1-month point. The dichotic improvement observed with that
study is due to the use of bilateral HAs, which is in line with
well-established benefits of bilateral amplification [22].
The speech test in noise scores did not change over the
course of 1 year. The ability to hear in a noisy environment is
generally considered to be independent of the ability to hear in
quiet and exhibits large inter-subject variability [23]. This was
also observed in our cohort. Understanding speech in noise depends on the listener’s ability to distinguish the target signal
from background sounds [24]. Acoustic cues assist this process by providing information for grouping auditory features
into objects and identifying a speaker’s voice [25]. Hearing in
noise also relies upon cognitive and linguistic factors, such as
attention, working memory, and lexical knowledge [26]. One
suggestion that has been made in the literature is that periodic
fine tuning of HAs is important for better fitting and better
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acclimatization leading to possible improvements in hearing
in noise abilities [21]. We did not collect information on how
regularly the patients used their HA and how long they used
it within their routine daytime activities. With regular tuning
and use, better acclimatization could yield different results.
There are some limitations of this study. One limitation of
this study was the unequal hearing level between the groups.
The control group had better hearing levels than the HA group.
A HA was recommended to the patients with a PTA worse
than 40 dB and with SDS better than 60%. Patients who refused to use a HA comprised the control group and patients
who agreed to use it comprised the HA group. Because the final
decision to use the HA or not was made by the patient, those
with worse hearing levels tended to accept the HA. Second, the
patients included in the present study were relatively young with
only two patients over the age of 70 in the control group and
three in the HA group. Both central and peripheral components of the auditory function are attributed to age-related
hearing loss [27]. From the 70’s onwards, central processing
deteriorates at a faster rate than peripheral processing [28].
The variation in patient age could have acted as a bias and
further studies consisting of a more uniform age group could
lead to different results. Third limitation was that the HA was
applied to a unilateral ear. Some reports suggest that unilateral
amplification is superior in speech recognition in background
noise and that bilateral amplification tends to have a deleterious effect among older patients [29]. However, our cohort
comprised a relatively younger group of patients; thus, the ef-
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fectiveness of HAs could be maximized with bilateral application. The test of HA function, however, was evaluated in
each ear, and the long-term use of a unilateral HA (1 year)
may be enough to show a positive effect of HA use.
In conclusion, the present study demonstrated improvements in frequency and dichotic test scores in patients with
bilateral hearing loss after 1 year of HA use. However, we did
not observe changes in hearing in noise abilities within this
period. These results suggest the possibility of improvement
in CAP after the use of a HA. However, this needs to be investigated further in larger and randomized cohorts. Also, changes of hearing in noise abilities and central processing beyond
1 year of HA use could yield different results.
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