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ABSTRACT

Background: Tinnitus is defined as a subjective auditory phantom phenomenon in which patients hear internal sounds when
there is no external source of acoustic stimuli. Tinnitus is a result of a chain of plastic changes which have an effect on the entire
auditory system. The aim of this study is to assess the cognitive function in patients with chronic idiopathic tinnitus.
Methods: This case-control study included two groups: The control group (32 normal hearing individuals without tinnitus),
the study group (32 normal hearing individuals with tinnitus). All individuals in the study had undergone full history taking,
full otological examination, basic audiological evaluation, Arabic version of tinnitus handicap inventory (THI), Arabic version
of Beck anxiety inventory (BAI), Arabic version of Montreal cognitive Assessment (MoCA) and electrophysiological tests
(P300 and MMN).

Results: No significant differences were found between the two groups as regards age and sex distribution. Patients with
tinnitus had statically significant delayed P300 latencies compared to the control group. No significant differences were
found regarding P300 amplitude, MMN amplitude and latency between the studied groups. In the tinnitus group, there were
significant positive correlations between THI scores and both BAI scores and P300 latencies (P value <0.05) and significant
positive correlations between P300 latencies and BAI scores (correlation coefficient r=0.87, P value = 0.000) while significant
negative correlations between P300 latencies and MoCA scores (correlation coefficient 1=-0.78, P value= 0.000) were noted.
Conclusion: Tinnitus patients have impaired cognitive functions which are correlated to the severity of tinnitus and the degree
of anxiety. The P300 test can be a useful test for objective evaluation of patients with tinnitus and to assess the cognitive

function of tinnitus patients.
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INTRODUCTION

Tinnitus is a subjective auditory phantom phenomenon
in which patients hear internal sounds when there is no
external source of acoustic $timulil. Epidemiological
studies in Europe and the USA indicate that about 10 to
15% of people experience tinnitus for an extended period
of time. The prevalence of tinnitus is nearly equal among
women and men, and it tends to increase significantly in
individuals over the age of 651,

Tinnitus is a result of a chain of plastic changes which
have an effect on the entire auditory system, which are
triggered by destruction of the peripheral structures of the
auditory system. Observations have shown reorganization
of tonotopic maps in auditory cortical areas and an increase
in neuronal activity!'!,

Event related potentials (ERPs) are used to assess
cognitive operations and attentional function that are linked
to a mental or physical event™, give quantitative data about

tinnitus, help to determine objectively, signal processing
changes in the brain caused by tinnitus and detecting the
changes of electrical activity in the auditory pathway!.

The P300 is extensively researched as an event-related
potential component used to evaluate selective attention
function®. It is triggered when a subject is required to
differentiate the significant (target) stimulus from the non-
significant ($tandard) stimuli®.. The mismatch negativity
(MMN) is defined as an auditory event-related potential
which is generated in response to a deviant stimulus
presented within a sequence of frequent stimuli. It likely
represents the pre-attentive phases of sensory interpretation
of auditory input!l.

Some researchers have indicated that some patients with
tinnitus do not exhibit noticeable cognitive impairments;
numerous other studies have revealed that individuals
with severe tinnitus may experience significant cognitive
deficits”l. So, this study aimed to assess the cognitive
function in individuals with chronic idiopathic tinnitus by
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utilizing the Montreal Cognitive Assessment (MoCA) as
a subjective measure of cognitive ability, and P300 and
MMN as objective tests to assess their selective attention
and pre-attentive processes.

SUBJECTS AND METHODS

This case-control study was carried out in the audio-
vestibular unit, ENT department, hospitals of Menoufia
University in the duration from October 2022 to October
2023. Ethical approval from the hospital Committee was
obtained [number: 19519ENT15] and a written consent
was obtained from all subjects participating in the research.
Subjects participating in this research were categorized
into 2 groups: the control group which consisted of 32
normal subjects in the age range of 20-40 years old, with
no otological or psychological complaints, and the study
group (cases group) which consisted of 32 subjects fulfilled
the following Inclusion criteria:

1. Subjects complaining of chronic idiopathic tinnitus
(for at least 6 months).

2. All subjects have normal hearing threshold level.
3. The age range of 20-40 years old.
Exclusion criteria

1. Subjects with history of central nervous system
disease.

2. Subjects with centrally acting medications.
All individuals in this research had been submitted to:

Full history taking, The Arabic version of Beck anxiety
inventory (BAI)®! was administered for assessment the
severity of anxiety in tinnitus subjects. It is composed of
21 questions, according to the sum of all answers, the BAI
score was classified into, no or very low anxiety (0-7),
mild anxiety (8-15), moderate anxiety (16-25), and severe
anxiety (26- 36).

The Arabic version of Montreal cognitive assessment
(MoCA)¥! is a subjective method for assessment cognitive
function; it is composed of 30 pointed tests conducted
within 10 min. The sum of all answers was 30 points, a
score of 26 or above was interpreted as normal and a score
less than 26 was considered mild cognitive impairment
(MCI).

The Arabic version of tinnitus handicapped inventory
(THI)!, which was used to assess the severity of tinnitus
among the tinnitus group, which was composed of 25
questions, according to the sum of all answers, the THI
score was divided into 5 grades., (Grade I) which reveals
slight or no handicap (0-16), (Grade 2) which reveals
mild handicap (18-36), (Grade 3) which reveals moderate
handicap (38- 56), (Grade 4) which reveals severe handicap
(58-76) and (Grade 5) which reveals catastrophic handicap
(78- 100).

General, neurological examination, otological
examination, basic audiological evaluation which included
pure tone audiometry (PTA), speech audiometry (using
Inventis Piano), immittancemetry (using resonance 36 m),

P300 and MMN (using Neurosoft Ltd), MMN and P300
were recorded using the following electrode montage: four
electrodes were positioned at Fz (active electrode), Fpz
(ground electrode), M1 and M2 (right and left mastoid
respectively) as reference electrodes. In MMN and P300
testing, 200 stimuli had been conducted monaurally at a
stimulus intensity of 70 dBnHL with filter settings of (30
Hz) as a high pass filter and (1 Hz) as a low pass filter.
The Mismatch Negativity (MMN) was recorded while the
participants were in a relaxed seated position. The patients
were directed to divert their focus away from the auditory
stimuli. MMN was recorded using oddball paradigm, where
two different tone burst stimuli been randomly represented.
The standard stimulus frequency was (1000 Hz) which was
presented 80% of the time, the deviant stimulus frequency
was (1100 Hz) and was presented 20% of the time,

In P300 testing, the participants were directed to
maintain a state of vigilance, focusing on an infrequent
target stimulus (deviant stimulus) that was delivered
randomly among standard frequent stimuli (oddball
paradigm), and to respond by pressing a button. The
standard stimuli (1000 Hz) had been presented 80% of the
time while the deviant (2000 Hz) had been presented 20%
of the time. The latency and amplitude of P300 and MMN

waves were recorded for all the studied groups.
Statistical analysis

Data was collected and statistically analyzed by utilizing
the statistical package of social science (SPSS) program
(SPSS Inc., Chicago, IL, USA) Microsoft Windows
(version 16). Comparing groups had been done using Chi-
square-test(y2), Independent t test and Mann-whitney U
test, which had been used to detect the significance of the
difference among two independent means for parametric
data. Pearson Correlation was done to determine the
association between two variables. Significant test results
were taken when p- value (p < 0.05).

RESULTS

The demographic characteristics of the studied groups
are shown in (Table 1) with no statistically significant
difference between both groups regarding age and sex
distribution. All participants in both groups had normal
hearing threshold, speech audiometry and immittancemetry
results.

Table 1: Demographic data of the studied groups

. Cases Controls Significance
Characteristics P-value
No.(32) No.(32) test
Age (meant SD)  33.78+4.66  31.68+4.84 t=1.76 0.083
Sex:
Males 14(43.8%) 15(46.9%) %2=0.66 0.802
Females 18(56.2%) 17(53.1%)

No: number, SD: standard deviation, %: percentage, X2: Chi-square test,

t: student t test, p value: probability value (*significant difference p value <0.05)
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The Arabic version of BAI revealed that 5 subjects in
the tinnitus group (16%) had no anxiety, 10 subjects (31%)
had mild anxiety, 6 subjects (19%) had moderate anxiety
and 11 subjects (34%) had severe anxiety. In the control
group, 11 (34%) of subjects had no anxiety.

The Arabic version of MoCA showed that, 21 subjects
of the tinnitus group had within normal cognitive function
while 11 subjects (34%) had mild cognitive impairment. In
the control group, all subjects had within normal MoCA
scores.

Results of The Arabic version of THI in the tinnitus
group are demonstrated in (Figure 1).

THI

ENo

i Mild

& Moderate
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M Catastrophic

Fig. 1: Tinnitus handicap inventory results: (Grade 1) slight or no
handicap, (Grade 2) mild handicap, (Grade 3) moderate handicap, (Grade

4) severe handicap and (Grade 5) catastrophic handicap.

Comparison between BAI and MoCA scores among the
studied groups are demonstrated in (Table 2). There were
statistically significant differences as regards BAI and
MoCA scores between both groups.

Table 2: BAI and MoCA Scores among the Studied Groups

. Cases Controls Significance
Characteristics P-value
No.(32) No.(32) test
BAI Score R
19.84+12.03 11.50+£7.90 t=3.27 0.002
(mean+ SD)
MoCA
OCASeore 5 s6i053 26784151 t=-2.33 0.023"
(mean+ SD)

BAI: Beck Anxiety Inventory ~ MoCA: Montreal Cognitive Assessment

The amplitudes and latencies of P300 and MMN
waves are demonstrated in (Table 3). Tinnitus subjects
had statistically significant delayed P300 latencies with
no statistically significant difference as regards P300
amplitudes, MMN latencies, and amplitudes between both
groups.

In the tinnitus group, there were significant positive
correlations between THI scores and both BAI scores
and P300 latencies, and a significant negative correlation
between THI scores and MoCA scores as demonstrated
in (Table 4). While no statistically significant correlations
between THI scores and MMN latency, amplitude, and

P300 amplitude were noted in tinnitus patients (Pearson
correlation, (p > 0.05).

Table 3: P300 and MMN absolute latencies and amplitudes in the
studied groups

L Cases Controls Significance
Characteristics ) P-value
No.(32) No.(32) test
P Lat
S00Laleney 43 0344724 2884152088 Z=312 0,002
(mean=+ SD)
P300 Amplitude
6.82+4.00 7.02+6.01 Z=-0.90 0.368
(mean+ SD)
MMN Latency
232.64+21.94  229.86+21.96 t=0.50 0.614
(mean+ SD)
MMN Amplitude
3.93+2.02 6.17+6.96 7=-0.80 0.420

(mean=+ SD)

MMN: mismatch negativity, no: number, SD: standard deviation,
t: student t test, p value: probability value (*significant difference

p value <0.05)

Table 4: Correlation between THI score with BAI Score, MoCA,
and P300 Latency in tinnitus patients

Correlation between Correlation P value
THI score with: coefficient (r)
BAI Score 0.88 0.000"
MoCA Score -0.80 0.000"
P300 Latency 0.93 0.000"

*significant difference p value <0.05

There were significant positive correlations between
P300 latencies and BAI scores (correlation coefficient r =
0.87, P value = 0.000) and significant negative correlations
between P300 latencies and MoCA scores (correlation
coefficient r = -0.78, P value = 0.000).

DISCUSSION

Tavanai and Mohammadkhani reported that tinnitus
significantly impairs cognitive function, leading to a
decrease in the cognitive capacity needed to carry out
conscious, voluntary, and mentally demanding duties.
Also, performance of the control and tinnitus groups was
often similar in activities with minimal demands. However,
when faced with challenging conditions, a difference in
performance between the control and tinnitus groups was
observed!'!.

The cognitive resource depletion hypothesis suggests
that when tinnitus subjects focus on their tinnitus, their
resources of cognition get occupied. Consequently,
the capacity to concentrate on other activities will
be a demanding circumstance, resulting in reduced
performance when other demanding jobs require controlled
processes!'?, so when tinnitus patients undergo the oddball
paradigm (As P300 and MMN), this creates a challenging
task for the tinnitus subject to focus on the rare stimulus
which can effect on the amplitude and the latency of the
waves!'¥l. Another consideration is that the acoustic signals
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presented to these subjects are affected by the masking
effect of tinnitus!'. So, this research studied the impact
of tinnitus on cognitive function in patients experiencing
chronic idiopathic tinnitus, in comparison to normal
subjects through challenging conditions in P300 and MMN
responses.

As there are neither objective measures nor biomarkers
for diagnosis of tinnitus, tinnitus severity can be assessed
using specific self-reported questionnaires, which can
facilitate collecting data about the impact of tinnitus on
personal and social life". In the current study, about
two-thirds of tinnitus patients had different degrees
of handicapping according to the Arabic version of
THI. Tinnitus patients may have emotional distress,
cognitive impairment, automatic arousal, and functional
incompetence!'®l,

In the current study, subjects in the tinnitus group had
variable degrees of anxiety according to the Arabic version
of BAI Pinto et al. stated that; there is a strong relationship
between tinnitus severity and anxiety disorders. Anxiety
usually occurs with tinnitus, reduces the patient’s tolerance
to tinnitus, and frequently exaggerates the functional
handicap of tinnitus patients, which causes an increase in
symptoms. Liability to anxiety could be genetic or may be
caused by overlapping neurobiological pathways which
cause the progression of both tinnitus and anxiety!'”.

In the current study, there were statistically significant
longer P300 latencies in the study group compared to the
control group. This result is in agreement with the studies
of Wang et al. and Majhi et al. who found a significant
increase in P300 latencies in subjects with tinnitus
compared to normal subjects(” 8],

Latency and amplitude are the two basic
neurophysiological measures of P300 for cognitive
function evaluation. Latency can be used as a reliable
measure of information processing speed in the brain.
Delayed latency indicates that the duration of information
processing is prolonged. Conversely, decreased peak
amplitude represented a disturbance in the functioning
of some central generators, leading to disruption in the
processing of information in the cortex. Only one of the
parameters is sufficient for the diagnosis of cognitive
dysfunction!'”).

No statistically significant difference between the 2
groups regarding P300 amplitudes was noted in the current
study. Didoné et al. stated that P300 amplitude is thought
to be of limited clinical value in P300 assessment™, These
results are in accordance with the findings of Mannarelli
et al., Wang et al., and Najafi and Rouzbahani who reported
that there was a non-significant difference regarding
P300 amplitude between both the tinnitus and control
groupst!7211,

Some studies suggested that alternations in non-
auditory central tinnitus generators including the limbic

system and the prefrontal cortex, which also control
top-down mechanisms of cognition, are thought to have
an important role in attention, sensations and emotions
resources regulation. Because the limbic system,
particularly the hippocampus, has been suggested to play
an important role in P300 wave creation and modification,
this could explain the abnormal findings in P300 results in
patients with tinnitus!'".

The Montreal Cognitive Assessment scores revealed
lower scores in tinnitus subjects than in normal controls,
with significant differences between both groups. Magnetic
resonance imaging (MRI) studies revealed that patients
with tinnitus manifest an increase in the gray matter
within the frontal cortex, anterior cingulate, and auditory
thalamus, while there is a decrease in the gray matter
within the superior frontal cortex and the ventromedial
prefrontal cortex®]. Those neuroanatomical modulations
have a distinct function in both cognitive impairments
associated with tinnitus and emotional disorders!”.

Positive correlations between P300 latencies, THI
scores, and BAI scores were reported in the current study, in
addition to a significant negative correlation between THI
scores and MoCA scores, which means that the degree of
cognitive affection is related to the severity of tinnitus and
anxiety levels. These findings are in agreement with Dag
et al. and Lee et al.***1. 67% of patients in this study had
within normal cognitive function, which may be explained
by the low anxiety level in those patients. Shakarami et al.
reported that the absence of cognitive function impairment
in some tinnitus patients may be attributed to the mildness
of their tinnitus, as well as the low level of annoyance and
loudness related to it. Also, in individuals with low tinnitus
levels reduced conscious perception of the condition
results in decreased attention and intervention of tinnitus
on cognition®®.

MMN responses were analyzed in the current study
which revealed no statistically significant difference
regarding MMN absolute latency and amplitude between
the studied groups. Also, no statistically significant
correlations were found between (THI scores, BAI
scores, MoCA scores) and MMN latency, amplitude in
the studied patients. Mahmoudian et al. and Sendesen
et al. reported significantly smaller MMN amplitude in the
tinnitus subjects in comparison to healthy controls, with
no statistically significant difference as regards MMN
absolute latency among the studied groups. According to
our study findings, MMN features revealed no differences
among subjects with tinnitus and subjects without tinnitus,
which may suggest that our tinnitus patients did not exhibit
any changes in the pre-attentive processing stage, or
may be due to using a small sample size. Therefore, it is
recommended in future research to apply a larger sample
sizet*?7],

The effect of tinnitus on cognitive function was
assessed in this study which revealed significant differences




Moaty et al.

between both the control and tinnitus groups regarding
P300 latency and MoCA scores, which denote cognitive
impairment in tinnitus patients. However, no differences
between the studied groups were reported in the MMN test.
This suggests that the measurement of the P300 value can
be utilized to evaluate the cognitive function in subjects
with tinnitus.

Finally, cognitive function should be assessed in tinnitus
patients for early detection and subsequent rehabilitation
with follow-up of the progression of the patient’s condition.
The lack of radiological functional assessment of the brain
is one of the limitations of this study, in addition to the
small sample size. Also, the lack of psychophysical tests
assessing the central auditory functions, especially memory
and attention, is considered one of this study’s limitations.

CONCLUSION

According to this study, P300 and MMN have been used
as objective tests to assess cognitive function in subjects
with chronic idiopathic tinnitus. The findings of our
study indicate that tinnitus patients exhibit a considerably
greater delay in P300 latency compared to normal controls.
The cognitive function and the degree of anxiety were
correlated to the severity of tinnitus.

Further large scaled studies are recommended to assess
the effect of tinnitus on cognitive function and central
auditory function. The routine screening and management
of anxiety among tinnitus patients is highly recommended
to improve their quality of life.
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Table (A.1): The Arabic version of THI:
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Appendix

Table (A.2): The Arabic version of BAI:
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Moaty et al.

Appendix
Figure (A.1): The Arabic version of MoCA:
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