E m Clinical and Experimental Otorhinolaryngology Vol. 13, No. 1: 8-14, February 2020

Original Article

()

Check for
updates

https://doi.org/10.21053/ce0.2018.01914
pISSN 1976-8710 elSSN 2005-0720

Neurocognition of Aged Patients With Chronic
Tinnitus: Focus on Mild Cognitive Impairment

Sang-Yeon Lee' @

- Jun Young Lee? - Sang-Yoon Han' - Yuju Seo' - Ye Ji Shim' - Young Ho Kim' ¢

Departments of ' Otorhinolaryngology-Head and Neck Surgery and *Psychiatry, SMG-SNU Boramae Medical Center;

Seoul National University College of Medicine, Seoul, Korea

Objectives. To investigate the neurocognition of aged patients with chronic tinnitus and reveal the possible association be-
tween tinnitus severity and cognitive function, with attention to mild cognitive impairment (MCI).

Methods. Fifty-eight elderly patients (=65 years old) with chronic tinnitus (=6 months) were prospectively enrolled in this
study. All patients assessed the neurocognitive batteries including the Korean version of the patient health question-
naire-9 (K-PHQ-9), the Lawton instrumental activities of daily living scale (K-IADL), and the Montreal cognitive as-
sessment (MoCA-K). After initial evaluation to exclude moderate or severe cognitive impairment by a psychiatrist,
the patients were classified into two groups: MCI and non-MCI, according to the MoCA-K scores (cutoff value,
22/23). All patients underwent audiological examinations including psychoacoustic tests of tinnitus.

Results. Of 58 patients, 10 (17.2%) met the MCI criteria. The tinnitus handicap inventory (THI) score in the MCI group
was significantly higher than that in the non-MCI group. Based on multivariate regression analysis, a significant asso-
ciation between tinnitus severity and MoCA-K score was also detected. Specifically, bothersome tinnitus (THI score
=>30) was closely linked to the presence of MCI. Meanwhile, the impact of MCI on both K-PHQ-9 and K-IADL

scores was not evident in patients with chronic tinnitus.

Conclusion. Tinnitus severity appears to be a potential independent determinant for predicting the MCI, suggesting the un-
derlying mechanism between chronic tinnitus and cognitive deficit. Given that MCI highly links to dementia, the
evaluation of cognitive functions in aged patients with chronic tinnitus need to be considered at the initial assessment

of tinnitus.
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INTRODUCTION

Non-pulsatile tinnitus is a common otologic symptom, charac-
terized by conscious auditory perception in the absence of an
external stimulus; this is often called phantom sound as there is
no corresponding genuine physical source of the sound [1]. Al-
though the exact pathophysiology remains elusive, phantom
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sound has been postulated to be caused by maladaptive cortical
neural plasticity and resulting hyperactivity that reflects a com-
plex neural network interplay between auditory and non-audi-
tory cortices [2-4]. The constant awareness of this phantom au-
ditory perception often causes considerable distress. In addition
to psychological complications, such as social and emotional dif-
ficulties, previous studies have also reported cognitive impair-
ment in patients with chronic tinnitus [5-8].

Cognitive function typically involves attention, concentration,
use of working memory and information processing [6]. Several
studies have evaluated the association between cognitive im-
pairment and chronic tinnitus; tinnitus patients showed poor
performance in various cognitive tasks involving attention and
working memory [9-11]. A significant correlation between cog-
nitive processing speed and tinnitus handicap inventory (THI)
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was found in patients with bothersome tinnitus (THI score =30)
[12]. Recently, electroencephalography (EEG) revealed that neu-
ral changes in the hippocampus, anterior cingulate, and insula
were associated with cognitive deficits in patients with chronic
tinnitus [13]. Hence, neurophysiological changes in patients with
tinnitus might be affected by the nature of cognitive deficits.

Despite the existence of putative evidence between tinnitus
and cognitive deficits, only a few published studies have yet ex-
plored the cognitive function of chronic tinnitus patients [11,
12,14,15]. Notably, there was no study that suggested the possi-
ble association between chronic tinnitus and mild cognitive im-
pairment (MCI). MCI is a clinical syndrome thought to repre-
sent the intermediate cognitive state between normal aging and
dementia. Patients aged =65 years diagnosed with MCI are
more likely to develop dementia than normal elderly people
[16]. When patients are diagnosed with MCI, nondisabled level
of cognitive decline in their activities of daily living or instru-
mental activities of daily living are maintained. However, their
cognitive abilities tend to deteriorate at a rate in-between that of
normal elderly people and mild Alzheimer disease patients, re-
sulting in a higher risk of dementia [17]. Hence, evaluating the
presence of MCI in patients with chronic tinnitus may clarify
these issues. Thus, we aimed to investigate the cognitive and
psychological characteristics of aged patients with chronic tinni-
tus and to analyze the causal link between tinnitus and MCIL.

MATERIALS AND METHODS

Patients

From March 2017 to March 2018, consecutive chronic tinnitus
(=6 months) patients aged 65 years or more were prospectively
enrolled. We excluded cases with (1) hearing loss >40 dB in at
least one ear (calculated by averaging the pure-tone audiometry
[PTA] thresholds at 0.5, 1, 2, and 4 kHz); (2) high-frequency
hearing loss (increasing thresholds from 0.25 to 8 kHz and the
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= For the first time, we investigated the possible association be-
tween tinnitus and cognitive function, with attention to mild
cognitive impairment (MCI).

= Of 58 elderly patients with chronic tinnitus, 10 (17.2%) met
the MCI criteria (based on Korean version of the Montreal
cognitive assessment [MoCA-K] <23).

= The tinnitus handicap inventory score in the MCI group was
significantly higher than that in the non-MCI group.

= A significant negative correlation was found between tinnitus
severity and MoCA-K score; given that MCI highly links to
dementia, the evaluation of cognitive functions in aged pa-
tients with chronic tinnitus need to be considered at the initial
assessment of tinnitus.
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difference between the thresholds at 250 and 8,000 Hz was >20
dB HL) [18]; (3) known history of neuropsychiatric or brain dis-
order; (4) current (within 3 months) psychotropic or central ner
vous system-active medications; (5) alcohol or drug abuse; (6)
hearing aids or sound generators that may influence hearing and
tinnitus level.

Finally, 58 eligible patients were enrolled in this study. All pa-
tients were assessed using the MoCA-K, a Korean version of the
Montreal cognitive assessment designed to screen for MCI. After
further excluding the moderate or severe cognitive impairment
by a psychiatrist (JYL), patients were classified into the MCI
group (n=10; MoCA-K score <23) or into the non-MCI group
(n=48; MoCA-K score >=23) based on a cutoff value of 22 [19].
This study was approved by the Institutional Review Board of
the SMG-SNU Boramae Medical Center (IRB No. 16-2016-401),
and patient consent was waived.

Audiological and psychoacoustic evaluations

At the initial visit, a structured history of the characteristics of
tinnitus on the affected side and the psychoacoustic nature
(pure-tone or narrow-band noise) of tinnitus was obtained. All
subjects underwent PTA testing that included psychoacoustic
tests of tinnitus, such as tinnitus pitch and loudness matching.
The hearing thresholds for seven different octave frequencies
(0.25,0.5,1, 2, 3, 4, and 8 kHz) were evaluated using PTA in a
soundproof booth. The mean hearing threshold was calculated
using the average of the hearing thresholds at 0.5, 1, 2, and 4
kHz. For analysis, we selected the hearing threshold in the tinni-
tus affected side. In cases of patients with bilateral tinnitus, we
documented the mean hearing threshold in the dominant tinni-
tus side. The perceived tinnitus handicap was measured using
THI. Based on a previous study, bothersome tinnitus was de-
fined as THI =30 [12]. We also assessed the visual analog scale
(VAS) scores (patients answering questions on four aspects of
tinnitus such as loudness, annoyance, awareness, and effect of
life during daytime on a scale from 0 to 10).

Neurocognitive evaluation

All patients underwent a battery of neurocognitive tests, includ-
ing three questionnaires at initial assessment for tinnitus: Korean
version of the patient health questionnaire-9 (K-PHQ-9), Kore-
an version of the Lawton instrumental activities of daily living
scale (K-IADL), and MoCA-K.

MoCAK

MoCA-K is a Korean version of rapid screening neurocognitive
test for MCI. It can be completed in 10 minutes. It scores from 0
to 30, with high scores indicating better cognition. Based on a
previous study employing neuropsychological batteries for MCI
screening, the MoCA-K displayed excellent sensitivity (89 %) and
good specificity (84 %) with the implementation of the cutoff
value of 22 [19]. Thus, we decided to define MCI as an MoCA-K
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score below 23. Attention and concentration, executive functions,
memory, language, visuoconstructional skills, conceptual think-
ing, calculation, and orientation were assessed. In the MoCA-K,
the words used in the short-term memory recall task and the
letters used in the trail-making B task were changed, and the
phonemic fluency task was replaced with a semantic fluency
task. One point was added for participants with 6 or fewer years
of education instead of 12 or fewer years of education. The oth-
er tests were similar to those in the original MoCA [19].

K-PHQ-9

PHQ was developed for the prompt diagnosis of neuropsychiat-
ric disorders [20]. PHQ-9, a simple self-reporting assessment for
depression screening, primarily focuses on depression severity
measurement. The score ranges from 0 to 27, and the completion
time is less than 3 minutes. PHQ-9 comprises of nine items and
is used for depression diagnosis according to the diagnostic and
statistical manual of mental disorders, fifth edition (DSM-IV). In
this study, all patients underwent assessment using the K-PHQ-9.
According to previous studies, the optimal cutoff score for ma-
jor depression is <10 in PHQ-9, with 88.5% sensitivity and
94.7% specificity [21]. Moreover, K-PHQ-9 has been reported
as a reliable and effective tool for screening depression [22].

K-IADL

The K-IADL, a Korean version of a self-reporting questionnaire
to assess difficulties in performing instrumental activities of dai-
ly living, was given to all patients. K-IADL comprises of 11
items, with the score of each item ranging from 0 to 3 as fol-
lows: 0, normal; 1, with some assistance; 2, with much assis-
tance; 3, unable to do; NA, not applicable. The K-IADL consists
of eleven self-evaluating questions concerning capacity and dif-
ficulty in performing activities of daily living, including (1) shop-
ping, (2) mode of transportation, (3) ability to handle finances,
(4) housekeeping, (5) preparing food, (6) ability to use a tele-
phone, (7) responsibility for own medication, (8) recent memory,
(9) hobbies, (10) watching television, and (11) fixing things
around the house. Based on a previous study, K-TADL showed
excellent internal consistency and test-to-test reliability. K-IADL
has been reported as a valid and reliable tool for evaluating
functional status in the elderly, especially when using a cutoff of
10 in measuring daily living activities [23]. Moreover, K-ITADL
findings have been consistent with other general cognitive indi-
ces, demonstrating good validity [23].

Statistical analysis

All data were analyzed using IBM SPSS ver. 22.0 (IBM Corp.,
Armonk, NY, USA). To determine significant differences be-
tween the two groups in the screened continuous and categori-
cal variables, independent Student #-tests, Mann-Whitney U-test
and chi-square tests were performed, as appropriate. To analyze
the association between tinnitus severity (based on THI score)

Table 1. Demographics and clinical feature of the subjects

Vel NOIgoup  NondiOIup
Sex 0.287
Male 2 21
Female 8 27
Age (yr) 70.9+7.9 67.5+4.1 0.211
(65-82) (65-84)
Tinnitus duration (yr) 2.0(0.5-15) 20(05-20) 0.731
Audiologic evaluation
Hearing threshold (dB HL) 33.0+7.4 25.7+8.7 0.017
Speech discrimination (%) 916+124 93.3+7.2 0.407

Values are presented as mean=SD (range), median (range), or mean+SD.
MCI, mild cognitive impairment; HL, hearing loss; SD, standard deviation.

and cognitive deficits (based on MoCA-K score), Pearson corre-
lation analysis was performed. Multivariate and logistic regres-
sion analysis was performed to simultaneously assess the relative
influence of cognitive deficit and associated variables including
the age, sex, duration of tinnitus, and mean hearing threshold.
P-values <0.05 were considered to indicate statistical signifi-
cance.

RESULTS

Demographic and clinical characteristics

The patients’ demographic and clinical characteristics are present-
ed in Table 1. The mean age of the patients was 68.1+5.1 years
(range, 65 to 82 years). The number of male and female was 23
(39.7%) and 35 (60.3%), respectively. The median duration of
tinnitus was 2 years (range, 0.5 to 20 years). The rate of MCI
based on MoCA-K was 10 out of 58 (17.2%). When comparing
between the MCI and non-MCI groups, no significant difference
in age (70.9£7.9 vs. 67.5+4.1 years, P=0.211), duration of tin-
nitus (P=0.731), or sex (P=0.287) was detected. There was a
significant difference in hearing threshold (33.0£7.4 vs. 25.7+
8.7 dB, P=0.017) between two groups. But, the speech discrimi-
nation (91.6% £12.4% vs. 93.3% +£7.2%, P=0.407) in the
MCI group was similar to that in the non-MCI group. An indi-
vidualized profile of each subject was presented in Supplemen-
tary Table 1.

Comparison of neurocognitive results

The mean MoCA-K, median K-PHQ-9, and median K-IADL
scores from all patients were 24.5+4.0 (range, 8 to 29), 3 (range,
0 to 26), and 8 (range, 5 to 14), respectively. The MoCA-K score,
as expected, was significantly different (18.9+3.2 vs. 26.1+1.8,
P<0.001) between the MCI and non-MCI group. On the other
hand, the K-IADL and K-PHQ-9 scores showed no significant
change between the MCI group and non-MCI group (P=0.411
and P=0.261, respectively) (Fig. 1).



Characteristics with respect to tinnitus

The psychoacoustic characteristics (tinnitus pitch and loudness)
of patients between the MCI group and the non-MCI group were
similar (Table 2). Of the 58 patients, 21 (36.2%) were bothered
by their tinnitus according to our set criteria (THI =30). Notably,
the THI score of the MCI group was significantly higher than that
of the non-MCI group (33.6%+10.4 vs. 21.9£10.1, P=0.002).
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Fig. 1. Comparison of neurocognitive test results based on the pres-
ence of mild cognitive impairment (MCI) in aged patients (=65 years)
with chronic tinnitus. In the MCI group, the Korean version of the
Montreal cognitive assessment (MoCA-K) score was significantly
lower than that in the non-MCI group (P<0.001). However, Korean
version of the Lawton instrumental activities of daily living scale (K-
IADL) and Korean version of the patient health questionnaire-9 (K-
PHQ-9) scores were similar regardless of the presence of MCI (P=
0.411 and P=0.261, respectively). *P<0.05 by independent t-test.
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Moreover, there was a significant association between MCI (Mo-
CA-K <23) and bothersome tinnitus (THI =30) but not in the
patients who were not bothered by tinnitus (THI <30) (Table 3).
VAS scores, including awareness (6.6 +3.2 vs. 5.8+3.1, P=0.372),

Table 2. Baseline psychoacoustic characteristics and severity of tin-

nitus

Variable M(C;':g;g‘;p NO”'('X'SE)“’“"’ P-value
Tinnitus laterality 0.565
Right 1(10.0) 10 (20.8)
Left 3(30.0) 14(29.2)
Bilateral 6 (60.0) 24 (50.0) -
Tinnitus pitch (kHz) 0.184
Median (range) 6 (0.125-8) 6 (0.125-8)
Mean+SD 41+36 33135
Tinnitus loudness (dB) 59.9+19.3 46.6+19.1 0.064
THI score 33.6+10.4 21.9+10.1 0.002*

Values are presented as number (%) or mean+SD unless otherwise indi-
cated.

MCI, mild cognitive impairment; SD, standard deviation; THI, tinnitus
handicap inventory.

*P<0.05 by independent ttest.

Table 3. Association between the development of MCI and bother-
some tinnitus in aged patients (=65 years) with chronic tinnitus

Tinnitus
MCI Bothersome Non-bothersome ~ Total 3¢ P-value
(THI 230) (THI <30)
+ 5 5 10 7.384 0.03*
- 5 43 48
Total 33 39 72

MCI, mild cognitive impairment; THI, tinnitus handicap inventory.
*P<0.05 by Fisher's exact test.

20 Plot for odds ratio of the final model
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Fig. 2. Association between tinnitus severity and cognitive function in aged patients (=65 years) with chronic tinnitus. (A) A statistically signifi-
cant negative correlation was detected between tinnitus handicap inventory (THI) and Korean version of the Montreal cognitive assessment
(MoCA-K) scores in all patients (r=-0.837, P<0.001). (B) A plot for odds ratios of the final model. As a result of logistic regression analysis, ei-
ther mean hearing threshold or THI scores significantly contributed to the developing mild cognitive impairment. *P<0.05 by logistic regres-

sion analysis.
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annoyance (5.4%2.9 vs. 4.0£2.9, P=0.109), loudness (5.5+2.6
vs. 4.4+2.6, P=0.177), and effect of life (3.2+2.4 vs. 3.0£2.9,
P=0.77), were not statistically different between the MCI and
non-MCI groups.

Association of tinnitus severity and cognitive function

Pearson coefficient analysis among 58 chronic tinnitus patients
revealed a significant negative correlation between THI and Mo-
CA-K scores (r=-0.837, P<0.001) (Fig. 2A). Based on multivar-
iate regression analysis, an increase of THI was significantly as-
sociated with a decrease of MoCA-K score (estimate: —0.170;
standard error, 0.032; P<0.001), after adjusting age, sex, dura-
tion of tinnitus, and mean hearing threshold. In line with this,
based on logistic regression analysis, an increase of THI score
was significantly associated with the presence of MCI (odds ra-
tio [OR], 1.12; 95% CI, 1.02 to 1.23; P=0.014), after adjusting
age, sex, duration of tinnitus, and mean hearing threshold. The
significant predictors that contribute to the development of MCI
were both mean hearing threshold (OR, 1.14) and tinnitus se-
verity (OR, 1.13) (Fig. 2B).

DISCUSSION

The present study aimed to investigate the association between
tinnitus severity and cognitive function, especially in patients
with MCI, among aged patients with chronic tinnitus. Ten of 58
patients with chronic tinnitus (17.2%) were diagnosed with MCI
based on the MoCA-K score (cutoff value, 22). The MCI inci-
dence in this study is similar to that reported by a previous study
(10%—-20% among elderly patients aged >65 years) [24]. Based
on logistic regression analysis, tinnitus severity is independently
associated with the presence of MCI in aged patients with chron-
ic tinnitus. More specifically, a significant association between
the presence of MCI and bothersome tinnitus (THI =30) was
found in the present study.

The impact of tinnitus severity on MCI presence

Several previous studies have indicated the presence of cogni-
tive impairments, including attention deficit, instant memory
disorder, and inefficient learning in patients with chronic tinni-
tus [6,15]. Despite inconsistent results on the association of tin-
nitus with certain types of cognitive functions, tinnitus has been
shown to have negative effects on executive or selective atten-
tion and working memory [6]. A study suggested that the pres-
ence of chronic tinnitus may be associated with reduced cogni-
tive functioning, particularly attention [25]. The cognitive deficit
underlying chronic tinnitus may involve a failure in directing at-
tention away from a phantom sound. Recently, a significant im-
pairment in cognitive control and inhibition was detected in
chronic tinnitus patients [13]. In this regard, it is yet to be vali-
dated whether chronic tinnitus may increase the risk of MCI by

leading to neurocognitive network changes influencing atten-
tion-switching. Meanwhile, working memory has a limited ca-
pacity that are relevant theoretical composition for cognition [6].
Tinnitus could affect cognition such that it reduces the cognitive
capacity available for conducting other tasks [11]. Additionally,
both tinnitus and hearing could each separately elicit overload
on the central executive [6], which may result in ineffective
working memory. From this perspective, even though most pa-
tients involved in this study had normal hearing or mild hearing
impairments, tinnitus may constitute in the development of
MCI, especially in patients with severe tinnitus.

There is a growing body of evidence indicating that the sever
ity of chronic tinnitus is associated with a broad range of cogni-
tive performance. As shown previously, the more severe the tin-
nitus, the more likely the deterioration of cognitive processing
is, suggesting that cognitive processing speed is an independent
predictor of tinnitus severity [12]. Furthermore, a neuropsycho-
logical study reported a significant negative correlation between
tinnitus loudness and duration, and performance on neurocogni-
tive tasks [15]. In this regard, the increase in tinnitus severity
may negatively affect attentional orientation and executive con-
trol, reducing cognitive processing speed [6]. Similarly, one study
reported that patients with severe tinnitus presented with lower
scores during cognitive ability screening assessments in almost
all subdomains, as compared to mild or moderate tinnitus pa-
tients [14]. Moreover, tinnitus severity was negatively correlated
with cognition and positively correlated with N2 and P3 laten-
cies of the P300 event-related potential (ERP) [14]. Given that
ERPs provide an objective evaluation of attention domains, an
increase in tinnitus severity might adversely impact cognitive
performance via auditory inattention, which may in turn poten-
tiate cognitive deficits. Consistent with previous studies, the
present study demonstrated an association between bothersome
tinnitus (THI =30) and MCI development. Even though the
presence of MCI did not negatively affect patients” quality of life
in this study, without intervention, severe tinnitus may be asso-
ciated with serious cognitive deficits, such as dementia. Such
deficits may in turn lead to a direct decrease in quality of life
and work efficiency. However, this hypothesis awaits further
confirmation.

The present study revealed that cognitive impairment is com-
mon in tinnitus patients. However, the exact pathophysiology
behind the development of tinnitus-associated cognitive deficits
has not been yet elucidated. A neuropsychological study investi-
gating cognitive processing in chronic tinnitus patients revealed
that tinnitus disrupts non-auditory processing of verbal, visual,
and visual-spatial information, suggesting the development of
neuroplastic changes [15]. Furthermore, a neuroimaging study
employing EEG with source analysis recently reported the na-
ture of the cognitive deficits in tinnitus patients [13]. Notably, a
negative correlation was found between neural activity in the
hippocampus, the anterior cingulate, and insula, and MoCA



score [13]. A previous study also reported a negative correlation
between changes in EEG activity in cognition-related regions
and THI score after tinnitus treatment using a neurophysiologi-
cal model [3]. The increased neural activity during the resting
state in chronic tinnitus patients was correlated with the need
for more effort in cognitive processing task completion [13].
Thereby, patients with severe tinnitus are highly likely to present
with maladaptive cortical plasticity that may attenuate cognitive
performance.

Implication of MCI screening in aged patients with chronic
tinnitus

The evaluation of cognitive screening tests for patients with se-
vere tinnitus may be beneficial for the appropriate management
of both tinnitus and MCI. The impact of tinnitus on quality of
life is better defined by identifying the associated cognitive im-
pairments for optimal rehabilitation. Given the high risk of de-
mentia in patients with MCI [26,27], cognitive function testing
would allow clinicians to validate hindered cognitive difficulties
that may progress to dementia, as well as track any changes in
perceived cognitive difficulties and tinnitus distress over the
course of treatment. In this study, patients with MCI appeared
to experience more difficulties in daily life due to chronic tinni-
tus compared to patients with normal cognitive function. Taken
together, chronic tinnitus may be a potential predictor of MCI
that progresses to dementia; thereby, the evaluation of cognitive
functions in aged patients with chronic tinnitus need to be con-
sidered at the initial assessment of tinnitus.

Limitations and future perspectives

To the best of our knowledge, this is the first study to examine
the cognitive and psychologic aspects of aged patients with
chronic tinnitus with a special focus on the presence of MCI,
and its association with severe tinnitus. Although we demon-
strated significant findings, there are several potential limitations
that should be controlled in further investigations.

First, we addressed a correlation between tinnitus severity
and MCI; however, we were unable to identify the causal link
between the two because we did not evaluate the changes of
cognitive function after tinnitus treatment. Further investigation
of cognition change according to tinnitus improvement may be
necessary to validate this causal association. Additionally, previ-
ous study showed that the existence of depression and/or anxi-
ety negatively commonly underlie in tinnitus patients than in
healthy controls [28]. In other word, tinnitus-related emotional
state disorder has been closely linked to cognitive deficits [29].
Although we evaluated depression status and the activities of
daily living using self-reporting questionnaires, variable emo-
tional states might introduce bias and hinder the cognitive abili-
ty assessment due to the nature of cross-sectional study. Like-
wise, we assessed for MCI once during the initial screening.
Considering that the cognition of approximately 15%-20% of
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MCI patients spontaneously improves without treatments after
1-2 years [26], longer follow-ups are needed to clearly demon-
strate the association between tinnitus and MCI. Taken together,
it is evident that a comprehensive neuropsychological investiga-
tion for chronic tinnitus towards highly complex neurobiological
process is necessary.

Second, Lin et al. [30] demonstrated the hazard ratio (95%
confidence interval) for incident all-cause dementia was 1.89
(1.00 to 3.58) for mild hearing loss, compared to normal hear-
ing. Nonetheless, we included the patients with mild hearing
impairment due to a severe loss of cohort when performing
strict audiological criteria. Although the association of mild
hearing loss and MCI remains unknown, our results might be
biased by the confounder. Therefore, strict normal hearing crite-
ria may be needed to prove what the authors claim. In a recent
study, subjects with tinnitus and severe acquired hearing loss ex-
hibited higher cortical activity in the parahippocampus than did
non-tinnitus controls [31]. This increase may be associated with
abnormally enhanced attention and impaired memory leading
to cognitive deficits. Thus, absence of severe or profound hear-
ing loss in our subjects might hinder the precise result interpre-
tation. Therefore, future studies exploring the role of the degree
of hearing in tinnitus-associated MCI should be considered.

Third, the present study did not adopt an objective approach
such as neuroimaging or electrophysiology in the examination
of the nature of these cognitive deficits. Neurobiological model-
ling studies have reported that brain areas like the limbic sys-
tem, autonomic nervous system, and sensory cortex may con-
tribute to the association between tinnitus and cognitive deficits
[15,32]. Therefore, neurobiological and neuroimaging approach-
es should be implemented to aid with the identification of the
cognitive impairment etiology in chronic tinnitus patients. At
present, we are conducting the neurobiological study combined
with neuroimaging to reveal the casual link between tinnitus
and MCI.

Our results suggest that tinnitus severity was closely linked to
cognitive deterioration that results in MCIL. Therefore, evaluation
of cognitive function in aged patients with chronic tinnitus needs
to be considered at the initial assessment to allow for appropri-
ate tinnitus and MCI management.
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