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Abstract

Background: Hearing loss and cognitive impairment are common problems in older adults; several studies were
conducted on the effects of hearing aid use relative to cognitive function in older adults. Most studies only used a
verbal questionnaire which could lead to biased results. Therefore, the auditory P300 response from an electro-
physiologic test provides an objective measure of central auditory function, including the cognitive process in the
brain.

Methodology: A cross-sectional study was conducted from July, 2016 to April, 2017 at The Hearing Aid Clinic in
Ramathibodi Hospital. Participants were 26 elderly patients with bilateral symmetrical sensorineural hearing loss
who were referred for unilateral hearing aid fitting by ENT doctors. The auditory P300 test results and MMSE-Thai
scores were recorded before and 2 months after hearing aid fitting.

Results: The P300 waveforms could be recorded from only 21 participants with a mean latency of 374.48 ms and
mean amplitude of 6.68 µV. Two months after hearing aids were used, the mean P3 latency was 376.83 ms and the
mean amplitude was 8.77 µV. There was a statistically significant difference in the amplitudes of P3 2 months after
HA fitting (p=0.004). Moreover, the MMSE-Thai scores were also significantly higher (p=0.000).

Conclusion: The auditory P300 components could be recorded from approximately 80% of the sensorineural
hearing loss elderly patients in this study. The auditory P300 results showed an improvement in cognitive ability with
higher amplitude, corresponding to an increase in MMSE-Thai scores. Thus, the P300 may be used to evaluate the
improvement in cognitive function after using a hearing aid. This outcome can be a guideline in counseling patients
who initially rejected hearing aids on the benefits of using the hearing aids.

Keywords: Elderly; Sensorineural hearing loss; Cognitive ability;
Hearing aid; Auditory P300 response

Introduction
The degree of change in organ systems occurs gradually with age [1]

such as in the cardiovascular system, digestive system, endocrine
system, skeleton system, respiratory system and nervous system. It is
true that as age increases, there is a slight loss of neurons in the brain
which affects all sensory systems because there are less neurons for
proper function [2]. There is ample evidence pertaining to age-related
reductions in the peripheral and central auditory systems, including
cognitive abilities (e.g. the rapidity of information processing) [3,4].

Presbycusis is a Sensori-Neural Hearing Loss (SNHL) that occurs
with increased age and often has no identifiable cause [5,6]. Beginning
with a reduction in the perception of high frequency sounds and a
progression toward lower frequencies, this loss might interfere with the
ability to understand speech in a noisy environment or in group
conversations and depends on the degree and types of individual
hearing loss [7]. Furthermore, this condition can produce additional
stress, reduce listening and speaking capabilities, and has an adverse
effect on the quality of life [8]. Recent studies reported that reduced
auditory input due to hearing loss is associated with a greater cognitive
decline in the elderly than in those without hearing loss [9]. The
prevalence of both hearing loss and cognitive loss increases with age.

Therefore, it is reasonable to assume that cognitive problems are
common in many older adults with hearing loss [4].

Hearing loss and cognitive impairment are common problems in
older adults because they affect their quality of life [10,11]. These
problems cannot be medically or surgically treated and hearing aids
are commonly used for rehabilitation [5]. Some research studies
reported that older adults benefited and demonstrated an
improvement in their cognitive ability within 6 weeks after using a
hearing aid [12].

There were a few studies conducted on the effects of hearing aid use
relative to cognitive function in older adults. For example, Mulrow et
al. reported improvements in cognitive function, after four months of
hearing aid use, in an elderly group of subjects by using the Short
Portable Mental Status Questionnaire (SPMSQ) [13]. Acar et al. also
reported improvements in cognitive function after three months of
hearing aid use in a group of older adults by using the Mini-Mental
State Examination (MMSE) [5]. Both studies used a similar assessment
method. However, only using a verbal questionnaire could lead to
biased results because people may reply based on their own
interpretation of each question and the bias of the interviewer who
asked the questions and recorded their responses [14]. Therefore, an
electrophysiologic test is recommended for assessing an improvement
in cognition.
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The auditory P300 response is an event-related potential that was
first described by H. Davis in 1964 [15,16], which was evoked by use of
an oddball paradigm stimulus that is associated with active mental
processes in the brain such as attention, perception, memory, and
cognition [17]. The subject is typically required to pay careful attention
to the target stimulus and to respond to it by pressing a button or
silently counting the number of target stimulus presentations
[16,18-22]. This is an electro-physiologic test that provides an objective
measure of central auditory function, including the cognitive process
in the brain [23], which could be used to assess the cognitive function
and avoid prejudice.

Material and Methods

Participants
Twenty-six participants were recruited from the Hearing Aid Clinic,

Department of Communication Sciences and Disorders, Faculty of
Medicine, Ramathibodi Hospital, Mahidol University. The study was
approved by the Ethical Clearance Committee of the Faculty of
Medicine, Ramathibodi Hospital, Mahidol University (ID 06-59-18)
before collection of data. All of the participants were asked to sign an
informed consent form to participate in the present study. The data
were collected between July 2016 and April 2017. The inclusion criteria
of the participants were being 60 years of age or older with bilateral
symmetrical sensorineural hearing loss (Pure tone air-conduction
average, over a 500-2000 Hz range, from 50 to 70 dBHL) and never
having used a hearing aid before. Participants who had a history of
outer and/or middle ear disorders and neurological and psychiatric
diseases were excluded.

Instruments and procedures
1. All participants were asked to provide their personal data and

medical history on the recording form.

2. Tympanometry and acoustic reflex tests were conducted using the
GSI-Tymstar middle ear analyzer to exclude cases with middle ear
pathology.

3. The auditory P300 was administered in a quiet room using the
Intelligent Hearing System USB set during which the participant sat in
a comfortable reclining chair. A two-channel electrode box was used
for electrode placement following the international 10-20 system.
Surface electrodes were attached at the low frontal midline (FpZ,
ground electrode), the high frontal midline (Fz, active electrode), and
the ear lobes (reference electrodes A1 and A2, left and right ear lobe
respectively) with Ten20 conductive gel and micropore tape. Electrode
impedances were maintained at 5 K ohms, with a maximum difference
of 2 K ohms between electrodes, according to the test parameters
recommended by the instrument company. The participants were
instructed to press the button on a manual counter when they heard
the rare stimuli within a series of standard stimuli. Trial training was
conducted by presenting some stimuli to make sure that patients
understood the task.

4. After completing the Auditory P300 test, participants were asked
to take the MMSE-Thai (2002).

5. Unilateral hearing aid evaluation and fitting were provided to all
participants according to the hearing aid fitting standard criteria and
the patient’s satisfaction. Each hearing aid was verified by probe
microphone real ear measurement. After these patients chose the

hearing aid they preferred, the researcher made ear impressions and
scheduled an appointment with them during the following week to
receive their hearing aids. Counseling and orientation sessions on
hearing aid use were scheduled which emphasized that hearing aids
should be used every day for at least 6 hours per day.

6. During the 2 months follow-up appointment after the hearing aid
was fitted, all tests were repeated (Auditory P300 and MMSE-Thai).

Statistical analysis
All data were analyzed by using the IBM SPSS Statistics for

Windows version 24. Descriptive statistics, including means and
standard deviations, were used to calculate the auditory P300 results
and MMSE scores before and after a hearing aid was used.
Comparisons of the latency and amplitude of auditory P300, before
and after a hearing aid was used, were made by using a paired samples
t-test. Comparisons of the MMSE scores, before and after a hearing aid
was used, were made by using the Wilcoxon signed-rank test. Statistical
significance was indicated if p ≤ 0.05.

Results

Demographic data
Twenty-six participants in this study were 13 male (50%) and 13

female (50%) elderly patients with sensorineural hearing loss. The
participants’ ages ranged from 60 to 87 years with a mean age of 73.4 ±
8.5 years. The participants’ hearing levels in the ear that was
anticipated for hearing aid use ranged from 52 to 70 dBHL (mean of 60
± 5.2). The participants' duration of hearing loss ranged from 1 to 30
years (mean of 8.5 ± 8.0).

Results of the auditory P300 test
Eighty-one percent of the participants, 21 out of 26, produced

satisfactory auditory P300 recordings before and after a hearing aid
was used.

A comparison of the latency and amplitude values of the auditory
P300 components (Table 1). The mean amplitude of auditory P300
after hearing aid use was higher than the mean amplitude of P300
before hearing aid use and the difference was significantly different
(t=-3.205, p=0.004).

P300 results Before HA After HA Paired t-test (t) p-value

Mean SD Mean SD

Latency (ms) 374.48 33.36 376.83 31.61 -0.437 0.667

Amplitude
(μV)

6.68 4.91 8.77 2.11 -3.205** 0.004

Table 1: Results of the auditory P300 before and after hearing aids were
used. ** Significant at p<0.01

Results of MMSE-Thai test
The MMSE-Thai was completed by all participants before and after

hearing aids were used.

At the first test period (before using a hearing aid), the mean
MMSE-Thai score was 21.62 ± 3.71. At the second test period (2
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months after a hearing aid was used), the mean MMSE-Thai score was
24.21 ± 3.83.

The Wilcoxon signed-rank test was used to analyze the difference in
the MMSE-Thai scores before and after the hearing aids was used. The
analysis indicated that the mean MMSE-Thai score after hearing aids
were used was significantly higher than before hearing aids were used
(z=-3.935, p=0.000) (Table 2).

MMSE
score

Before HA After HA Wilcoxon signed-
rank test (z) p-value

Mean SD Mean SD

Latency
(ms)

21.62 3.71 24.21 3.83 -3.935** 0.000

Table 2: Results of MMSE-Thai scores before and after hearing aids
were used. ** Significant at p<0.01

Discussion

The auditory P300 response
The auditory P300 is comprised of event-related responses that are

reflected in the human brain process as a cognitive function. The
present study evaluated the changes in the cognitive abilities of elderly
patients with SNHL who used a hearing aid for 2 months. The auditory
P300 responses could be recorded for only 21 participants.
Considering the factors that may affect auditory P300 responses, and
which have been included in the present study, were the participant’s
age, degree of hearing loss, and duration of hearing loss. There were no
significant differences in mean age, degree of hearing loss, and
duration of hearing loss between the groups of participants who
produced responses and those who did not produce responses on the
auditory P300.

Regarding the group of 21 participants who produced an auditory
P300 response, the researcher found that after 2 months of hearing aid
use, the amplitude of P300 was significantly higher than before using a
hearing aid. Therefore, the hypothesis that the P300 amplitude was a
function of CNS activity that reflects the processing of information
incorporate with memory representations of stimulus [24], may be
related to this result. Furthermore, this result of the present study
suggests possible neuroplasticity caused by the particular hearing aid
used. According to the study of Cramer (2011), neuroplasticity occurs
as a result of the nervous system's ability to reorganize its structures,
functions, and connections in response to stimuli [25].

P3 latency is considered to be a measure of the ability of stimulus
classification [26] and is generally unrelated to response selection
processes [27,28]. In the present study, the P3 latency did not change
significantly after 2 months of hearing aid use. Based on this result, it
was concluded that the use of a hearing aid did not enhance the
rapidness of information processing in the brain initially caused by
advanced age.

Moreover, there was a non-significant correlation between the
change in P300 amplitude and duration of hearing loss of each patient
(r=-0.008, p=0.974). The findings of the present study agreed with
those of Leite et al. [29], although the characteristics of their
participants were different. Leite et al. included Long-Latency Auditory
Evoked Potentials (LLAEPs), which included P1, N1, P2, N2, and P3

components, in their evaluations of the effects of hearing aid use
relative to the cognitive functions of children with SNHL.

The MMSE-Thai test
The findings of this study showed that there were significant

differences in the mean MMSE-Thai score before and after hearing
aids were used during the 2 months period. Also, the mean score after
use of a hearing aid was significantly higher than before use of a
hearing aid. These findings were similar to those of Acar et al. [5] and
MacDonald et al. [30].

In the study of Acar et al. their results indicated that the cognitive
function of their subjects was significantly improved after 3 months of
hearing aid use which was evaluated by using MMSE questionnaires
[5].

Moreover, MacDonald et al. evaluated the effects of hearing aid use
on the cognitive function of the elderly. The results of their study
suggested that the use of a hearing aid increases auditory input and
leads to significantly improved scores on the MMSE [30].

There are several limitations in the present study that need to be
addressed. First is a small sample size, which might not reflect the
actual outcomes of the entire population. Second, the follow-up
duration of patients was too short and was not long enough to validate
the results. Third, the instruments that were used to assess the
cognitive function change may have been inadequate for this purpose.

A further study should be conducted with a larger sample size to
confirm the effectiveness of hearing aid use for SNHL patients and to
investigate the factors affecting the change in cognitive abilities.
Moreover, a further study should extend the follow-up duration, such
as 4 months or 6 months, to validate the results and to predict the
improvements in cognitive functions after use of a hearing aid during
each period of time. In addition, a further study should be conducted
that include a more specific assessment of each domain of cognitive
abilities and used a test that is strongly link with cognitive abilities,
such as auditory Mismatch Negativity (MMN).

Conclusion
The findings of this study suggested that the cognitive function of

elderly patients with sensorineural hearing loss can be improved after
using a hearing aid for 2 months at least 6 hours per day every day. The
study findings also indicated that these improvements occurred as a
result of neuroplasticity in the brain and suggested that the auditory
P300 can be used to assess the benefits of hearing aid use by elderly
patients with sensorineural hearing loss.
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