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Objectives. The study aimed to assess the relationship of tinnitus with hyperacusis with cognitive impairment as indicated 
by the Montreal Cognitive Assessment (MoCA) tool.

Methods. This multicenter cross-sectional study included individuals with chronic tinnitus from the “Unification of Treat-
ments and Interventions for Tinnitus Patients” (UNITI) database. Participants were recruited from four different ter-
tiary clinical centers located in Athens and Granada (Mediterranean group), as well as Berlin and Regensburg (Ger-
man group). In total, 380 individuals with a diagnosis of non-pulsatile chronic tinnitus (permanent and constant tin-
nitus lasting more than 6 months) and no evidence of severe cognitive impairment (MoCA score >22) were enrolled. 
The evaluation utilized the following tools: MoCA, Tinnitus Handicap Inventory (THI), Hyperacusis Questionnaire 
(GÜF), Patient Health Questionnaire (PHQ-9), and the European School for Interdisciplinary Tinnitus Research 
Screening Questionnaire.

Results. MoCA scores differed between German and Mediterranean individuals (P<0.01), necessitating separate analyses 
for each group. In both cohorts, MoCA scores were significantly associated with education level, age, hearing thresh-
old at 8 kHz, and THI. Furthermore, a significant correlation was observed between PHQ-9 scores and both THI and 
GÜF (P<0.01 for both Germans and those from the Mediterranean).

Conclusion. Our data suggest an association between tinnitus handicap, high-frequency hearing loss, and mild cognitive 
impairment. Additionally, PHQ-9 scores were associated with tinnitus and hyperacusis scores, independent of hear-
ing loss thresholds. 

Keywords. Tinnitus; Hearing Loss; Cognition; Neuropsychological Tests; Cognitive Dysfunction; Depression

https://orcid.org/0009-0002-8609-5356
https://orcid.org/0000-0003-2722-4947
https://orcid.org/0000-0002-1445-5474
https://orcid.org/0000-0002-9587-6632
https://orcid.org/0000-0003-3633-999X
https://orcid.org/0009-0006-1918-4913
https://orcid.org/0000-0002-7066-510X
https://orcid.org/0000-0001-7942-1788
https://orcid.org/0000-0002-8583-1430
http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2023.00808&domain=pdf&date_stamp=2024-02-29


16    Clinical and Experimental Otorhinolaryngology    Vol. 17, No. 1: 15-25, February 2024

INTRODUCTION 

Tinnitus is a symptom defined by the conscious perception of a 
phantom, non-verbal tonal or composite sound in the absence 
of any external stimuli [1]. Tinnitus can appear as a symptom as-
sociated with other common conditions, including hearing loss 
(HL), anxiety, depression, or migraine [2]. More than 90% of 
patients with tinnitus show some form of HL [3], with the most 
common being high-frequency sensorineural hearing loss (SNHL). 
This type of hearing loss is typically observed in age-related HL 
or noise-induced HL [3]. Additionally, tinnitus can be associated 
with various otological diseases, including otosclerosis, vestibu-
lar schwannoma, or Meniere’s disease [1,3-5]. 

The term “tinnitus disorder” has been proposed to describe 
tinnitus that is associated with emotional distress, cognitive dys-
function, and/or autonomic arousal, which leads to behavioral 
changes and functional disability [6]. Given the impact of co-
morbidities on tinnitus, a screening tool has been developed to 
personalize the diagnosis and treatment of patients with tinnitus 
[1]. With this aim, the European School for Interdisciplinary Tin-
nitus Research (ESIT, https://esit.tinnitusresearch.net) [7] designed 
and validated the ESIT screening questionnaire (ESIT-SQ) [8]. 
Although this instrument has facilitated a standardized assess-
ment of patients with chronic tinnitus [4], it does not evaluate 
cognition.

Several cross-sectional studies have consistently demonstrated 
an association between cognitive decline and HL across differ-
ent populations [9]. Indeed, HL appears to exacerbate cognitive 
deficits in the elderly and may serve as a prognostic factor for 

mild cognitive impairment (MCI) [10]. Moreover, prospective 
cohort studies have suggested that the use of hearing aids in pa-
tients with HL can reduce cognitive decline in older adults [9]. 
Additionally, tinnitus-associated dysfunctional cognition, includ-
ing “catastrophic thinking” and “avoidance cognition,” is strong-
ly correlated with measures of tinnitus distress, anxiety, and de-
pression. These cognitive patterns have been associated with im-
pairment in executive function, attention, and memory [11]. Even 
mild cognitive symptoms can have a substantial impact on de-
pression [11,12]. Furthermore, the prevalence of depression among 
individuals with severe impairment due to tinnitus sufferers has 
been reported to be as high as 60%–80% [13].

Given the association of tinnitus and age-related HL in elderly 
patients with cognitive impairment, and the increasing preva-
lence of dementia, including Alzheimer disease, in the elderly 
population, it may be useful to proactively diagnose HL and tin-
nitus in middle-aged adults. Furthermore, assessing cognitive 
impairment is of major clinical importance and may improve 
the characterization of patients with tinnitus and HL [14]. The 
aims of this study were to assess cognitive function in a non-se-
lected cohort of patients with chronic tinnitus using the Montre-
al Cognitive Assessment (MoCA) questionnaire and to investi-
gate which aspects of tinnitus, its comorbidities, and demograph-
ic variables are relevant for the extent of cognitive decline.

MATERIALS AND METHODS 

The study was conducted according to the guidelines of the Dec-
laration of Helsinki and approved by the Institutional Review 
Board of Granada (No. 1537-N-20). Written informed consent 
was obtained from all subjects involved in the study.

Patients 
A total of 380 individuals with a diagnosis of non-pulsatile chron-
ic tinnitus and no evidence of cognitive impairment (MoCA >22) 
were enrolled in a multi-center study. This cutoff point was es-
tablished according to population studies, reporting that more 
than 60% of individuals obtained a score under 26 [11,15,16]. 
Tinnitus was defined as a permanent and constant tinnitus of at 
least 6 months of duration. Ninety-nine individuals were includ-

	� The Montreal Cognitive Assessment (MoCA) questionnaire is 
a screening tool suitable for detecting cognitive impairment in 
patients with tinnitus regardless of their hearing loss. 

	� MoCA scores suggest an association between tinnitus distress, 
high-frequency hearing loss and mild cognitive impairment. 

	� Patient Health Questionnaire (PHQ-9) scores were found to 
be associated with tinnitus and hyperacusis distress regardless 
of hearing loss.
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ed from Berlin and 97 from Regensburg (Germany), 93 from 
Athens (Greece) and 91 patients from Granada (Spain) accord-
ing to the inclusion and exclusion criteria published at the “Uni-
fication of Treatments and interventions for Tinnitus Patients” 
(UNITI) protocol in the UNITI randomized clinical trial (UNITI-
RCT) [11]. Clinical and psychometric variables were obtained 
according to the UNITI-protocol [11].

Individuals underwent an assessment of audiological symp-
toms and pure tone hearing thresholds, and a neuropsychologi-
cal screening based on the MoCA for cognition, the Patient Health 
Questionnaire (PHQ-9) for depression [12,17], the Tinnitus Hand-
icap Inventory (THI) and the Hyperacusis Questionnaire (GÜF) 
for tinnitus and hyperacusis, respectively [18,19]. The ESIT-SQ 
was used to collect information on demographics, lifestyle and 
general medical and otological history [8]. The study was part of 
the UNITI-project [11] and used data gathered over the course 
of the UNITI-RCT. 

Audiological assessment
Standard air and bone conduction hearing thresholds were ob-
tained by using an audiometer (AC-40, Interacoustics) in a sound-
proof booth (C-120, Diatec). The air-conduction hearing thresh-
olds for the frequencies of 500 Hz, 1 kHz, and 2 kHz were re-
trieved from the audiograms and used to calculate the pure tone 
average (PTA) on each individual. The air conduction hearing 
thresholds at 4 kHz and 8 kHz were used as predictors of noise-
induced HL and age-related HL, respectively.

Individuals were categorized according to audiometric criteria 
defined in the UNITI-RCT protocol [11], distinguishing between 
bilateral SNHL (hearing thresholds >25 dB HL in both ears for 
any frequency from 0.5–4 kHz); unilateral SNHL (hearing thresh-
olds >25 dB HL in one ear for any frequency from 0.5–4 kHz), 
or normal hearing (hearing thresholds ≤25 dB HL in both ears 
at any frequency from 0.5–4 kHz).

Cognitive and psychological assessment
MoCA tool
The MoCA test was used for the assessment of cognitive func-
tions. The MoCA test covers working memory, short-term mem-
ory, linguistic functions, visuospatial capability or time and space 
orientation [12]. The scores obtained can range between 0 and 
30. A cut-off point of 26 yielded the best balance between sen-
sitivity and specificity for detecting MCI, according to the MoCA 
reference scores (https://mocacognition.com/). The following rang-
es may be used to grade severity: 18–25, MCI (average MoCA 
score: 22); 10–17, moderate cognitive impairment and Alzheim-
er diseases (average MoCA score: 16); <10, severe cognitive im-
pairment. This test includes a score correction according to the 
patient’s academic level [20]. 

PHQ-9 for depression
The PHQ-9 was used to assess depressive symptoms [21]. The 

PHQ-9 is a self-administered test, which consists of nine items 
assessing depressive symptoms, according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-V) 
criteria. The options for each question are “never” (0 points), 
“some days” (1 point), “more than half of the days” (2 points) 
and “almost every day” (3 points). The sum of the scores can 
range from 0 to 27 points (1–4, no depressive symptoms; 5–9, 
mild-depressive symptoms; 10–14, moderate-depressive symp-
toms; 15–27, severe-depressive symptoms) [17,21].

Assessment of auditory symptoms
Tinnitus Handicap Inventory
To assess the annoyance related to tinnitus, the THI was used. This 
questionnaire has 25 and 3 subscales: functional, emotional and 
catastrophizing tinnitus. Total scores range from 0 to 100 points, 
with 5 levels of severity: very mild (0–16), mild (18–36), moder-
ate (38–56), severe (58–76), and catastrophic (78–100) [18,22-24].

Hyperacusis assessment (GÜF test)
This questionnaire consists of 15 questions and the total score 
obtained can range from 0 to 45 points. These scores can be or-
ganized into four handicap levels: grade I (score 0–10, slight hand-
icap), grade II (11–17, moderate handicap), grade III (18–25, se-
vere handicap), grade IV (26–45, very-severe handicap) [19]. 

European School for Interdisciplinary Tinnitus Research Screening 
Questionnaire
ESIT-SQ is a self-administered questionnaire including 39 ques-
tions for clinical and tinnitus profiling: 17 general questions and 
22 tinnitus-specific questions. It was developed with specific at-
tention to questions about potential risk factors for tinnitus and 
tinnitus characteristics (including perceptual characteristics, mod-
ulating factors, and associations with co-existing conditions) [8].

Statistical analysis
The following demographic variables were retrieved from the 
ESIT-SQ: sex, age, educational level, episodes of vertigo and tin-
nitus-laterality. First, we performed a descriptive analysis for the 
MoCA, PHQ-9, THI, and GÜF scores (mean±standard devia-
tion). The Shapiro-Wilk test was used to determine if the MoCA 
scores were normally distributed. Since MoCA scores did not 
follow a normal distribution, we used the nonparametric Mann-
Whitney U-test to compare the MoCA scores across different 
centers and according to the hearing thresholds. Next, Spear-
man’s correlation coefficients were calculated to generate corre-
lation matrices between all the variables, we performed a multi-
ple lineal regression to estimate the effect of all variables in MoCA 
score. A P-value <0.05 was considered statistically significant. 
All statistical analyses were performed using R-studio software 
(ver. 4.1.3, R Foundation for Statistical Computing). 

We also tested several machine learning models to predict 
MoCA results (score <26 vs. ≥26) based on audiological and 
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psychometric variables. For this, individuals were randomly al-
located into two groups: training (80%) and test groups (20%) to 
compare four supervised machine learning algorithms: Logistic 
[25], eXtreme Gradient Boosting (XGBoost) [26], Adaptive boost-
ing (AdaBoost) [27], and Gradient Boosted Decision Tree [28].

RESULTS

The distribution of MoCA scores was significantly different among 
participants recruited from the four centers (Fig. 1). There were 
no differences between individuals recruited in Berlin and Re-
gensburg (P=0.54) or Athens and Granada (P=0.29); however, 
when we compared the MoCA scores between German and 

Mediterranean (MED) individuals, a statistically significant dif-
ference was found, with lower values for the MED subjects (P< 
0.01). For this reason, we performed all statistical analyses sepa-
rately for both groups.

Sample description
A descriptive analysis of the main sociodemographic, audiologi-
cal, and psychometric variables was performed (Table 1). The 
two groups (MED, n=184; and German, n=196) showed signifi-
cant differences in age (MED, 50.2±12.2 years; German, 53.8±

12.8 years), hearing thresholds (PTA for MED, 24.77±14.17 dB; 
PTA for German, 16.01±10.49 dB), mean value of MoCA scores 
(MED, 26.11±2.22; German, 27.07±1.84), percentage of indi-
viduals with a MoCA score under of the cut-off (MED, 42.4%; 

Fig. 1. Cognitive screening in individuals with chronic tinnitus. (A) Frequency histogram of the Montreal Cognitive Assessment (MoCA) scores 
from each site. (B) Boxplots of MoCA score differences according to hearing threshold in German and Mediterranean individuals. No differ-
ences are discernible. SNHL, sensorineural hearing loss.
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German, 24.4%) and educational level, where the greatest dif-
ference was found in individuals with middle education level 
(MED, 9.3%; German, 33%), and university level (MED, 58.5%; 
German, 41.8%; all P<0.01).

Both groups were stratified according to hearing threshold, and 
individuals with bilateral SNHL were the group with greatest 
differences in age (MED, 55.22±10.28 years; German, 59.19±

10.04 years; P<0.01), PTA (MED, 32.11±14.15 dB; German, 
21.08±10.15 dB; P<0.01), MoCA score (MED, 25.83±2.15; 
German, 27.03±1.86; P<0.01), percentage of patients with a 
MoCA score under the cut-off (MED, 45%; German, 22.4%; 
P<0.01), and educational level (MED, 14%; German, 34.8%; 
P<0.01). 

For the unilateral SNHL group (MED, n=29; German, n=24), 
we also observed significant differences in PTA and educational 
level. Individuals with tinnitus and normal hearing (MED, n=55; 
German, n=56) also showed significant differences in PTA (MED, 
13.43±4.48 dB; German, 6.84±4.50 dB; P<0.01), the percent-
age of patients with a MoCA score below the cut-off (MED, 40%; 
German, 16.1%; P<0.01), and level of education (MED, 3.6%; 
German, 27.3%; P<0.01).

Cognitive screening and hearing threshold
MoCA scores were compared between individuals with normal 
hearing, unilateral HL, or bilateral HL, but no significant differ-
ences were found either in the MED group or the German group 
(Supplementary Tables 1 and 2).

Cognitive screening
To visualize the relationship among high-frequency HL, MoCA 
scores, and THI scores, 3D-scatter plots were designed for the 
MED and German groups (Fig. 2). Next, correlation matrices 
were calculated for all variables in the MED (Table 2) and Ger-
man groups (Table 3). For the MED group, MoCA scores were 
associated with educational level (r=0.24, P<0.01), age (r=–0.19, 
P<0.01), THI scores (r=–0.15, P<0.05), and hearing thresholds 
in PTA (r=–0.16, P<0.05), at 4 kHz (r=–0.16, P<0.05), and 8 
kHz (r=–0.15, P<0.05). For the German group, we observed 
statistically significant associations between MoCA scores and 
educational level (r=0.26, P<0.01), age (r=–0.25, P<0.01), THI 
scores (r=–0.22, P<0.01), the hearing threshold at 8 kHz (r=–
0.18, P<0.05), and GÜF scores (r=0.15, P<0.05).

A multiple linear regression model was generated to predict 
MoCA scores according to THI scores, age, and hearing thresh-
old in PTA, at 4 kHz, and at 8 kHz. In the German group, the 
model explained a moderate proportion of variance (F (5, 190)= 
5.80, P<0.001, adjusted R2=0.11); however, for the MED group, 
the model explained a small proportion of variance (F (5, 177)= 
3.10, P=0.010, adjusted R2=0.05).

Since 70% of individuals with tinnitus had bilateral or unilat-
eral SNHL, we analyzed the impact on cognition of the covari-
ates associated with the MoCA score (Table 4). We observed a 

significant effect of THI in both the MED (P<0.05), and German 
groups (P<0.01) and a significant effect of age in both groups 
(P<0.05), with a stronger effect in the German group (P<0.01).

Depression screening (PHQ-9)
No correlation was observed between PHQ-9 and MoCA scores 
either in MED (r=–0.14, P>0.05) or German participants (r= 
–0.10, P>0.05). However, significant associations were found 
between PHQ-9 and THI scores, and also for PHQ-9 and GÜF 
scores in both samples (all P<0.01).

Machine learning model
The XGBoost algorithm was the method that best predicted cog-
nitive decline in both groups. In the MED group, the variables 
age, GÜF score, hearing threshold at 8 kHz, THI score, and edu-
cational levels were used as predictors, and XGBoost showed an 
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Table 2. Correlation matrix for audiological, sociodemographic, and psychometric variables in Mediterranean individuals with chronic tinnitus 
(n=184)

Variable
MoCA 
score

THI 
score

GÜF 
score

Average 
PTA

Average 
4 kHz

Average 
8 kHz

PHQ-9 
score

Education 
level

Smoking 
status

THI score  –0.15*
GÜF score –0.14   0.61**
Average PTA –0.16* 0.11 0.10
Average 4 kHz –0.16* 0.11  0.12  0.73**
Average 8 kHz –0.15* 0.09   0.15*  0.62**   0.80**
PHQ-9 score –0.14   0.67**    0.55** 0 0.06  0.04
Education level    0.24** –0.14 –0.11 –0.13 –0.16* –0.09  –0.20*
Smoking status 0.04  0.02  0.04 0.05  0.13*  0.14 –0.07   0.03
Age –0.19** –0.08 –0.02   0.34**   0.46**    0.53** –0.02 –0.10 0.07

MoCA, Montreal Cognitive Assessment; THI, Tinnitus Handicap Inventory; GÜF, Hyperacusis Questionnaire; PTA, pure tone average; PHQ-9, Patient 
Health Questionnaire.
*P<0.05, **P<0.01. 

Table 3. Correlation matrix for audiological, sociodemographic, and psychometric variables in German individuals with chronic tinnitus (n=196)

Variable
MoCA 
score

THI 
score

GÜF 
score

Average 
PTA

Average 
4 kHz

Average 
8 kHz

PHQ-9 
score

Education 
level

Smoking 
status

THI score   –0.22**
GÜF score  –0.15*   0.62**
Average PTA –0.06  0.16*   0.20**
Average 4 kHz –0.11 0.09 0.14   0.70**
Average 8 kHz   –0.18* 0.08 0.11   0.58**    0.79**
PHQ-9 score –0.10   0.64**   0.50** 0.04 –0.08 –0.13
Education level      0.25** 0.17* –0.18* –0.11 –0.14 –0.14* –0.07
Smoking status –0.03 0.09 –0.04 –0.03 –0.01 0.01 0 –0.09
Age   –0.25** 0.01 0.04 0.43     0.60**    0.63** –0.13  –0.18* 0.04

MoCA, Montreal Cognitive Assessment; THI, Tinnitus Handicap Inventory; GÜF, Hyperacusis Questionnaire; PTA, pure tone average; PHQ-9, Patient Health 
Questionnaire.
*P<0.05, **P<0.01. 

Table 4. Effects of covariates in multiple regression analysis for the Mediterranean and German groups

Group Variable
Unstandardized coefficient Standardized coefficient

t Sig
B SE Beta

Mediterranean (Constant) 28,949 0.826 35,034 <0.001**
THI score –0.018 0.007 –0.178 –2,431 0.016*

Average PTA –0.001 0.017 –0.008 –0.079 0.937

Average 4 kHz –0.013 0.015 –0.122 –0.881 0.379

Average 8 kHz 0.004 0.012 0.045  0.348 0.728

Age –0.032 0.016 –0.176 –2,045  0.042*

German (Constant) 30,061 0.631  47.65 <0.001**
THI score –0.024 0.006 –0.255 –3,689 <0.001**
Average PTA 0.011 0.016 0.060 0.663 0.508
Average 4 kHz 0.017 0.013   0.166 1,333 0.184
Average 8 kHz –0.015 0.010 –0.167 –1,446 0.150
Age –0.037 0.013 –0.256 –2,865  0.005**

Dependent variable: MoCA score. 
SE, standard error; Sig, significance; THI, Tinnitus Handicap Inventory; PTA, pure tone average; MoCA, Montreal Cognitive Assessment.
*P<0.05, **P<0.01.
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accuracy of 0.65 (95% confidence interval [CI], 0.47–0.80), with 
precision and recall of 0.7. In the German group, the model used 
the variables THI score, age, hearing threshold at 4 kHz, hearing 
threshold at 8 kHz and educational level as predictors, and XG-
Boost showed an accuracy of 0.76 (95% CI, 0.59–0.88), with a 
precision of 0.84 and a 0.80 recall.

DISCUSSION

Our results suggest an association between tinnitus distress and 
MCI. Higher THI scores were associated with lower MoCA scores. 
Although additional factors such as education level, age and high-
frequency HL need to be considered in each individual, from a 
clinical perspective it seems reasonable to perform a cognitive 
screening in individuals with severe or catastrophic scores in the 
THI. Additionally, PHQ-9 scores were associated with tinnitus 
and hyperacusis handicap, regardless of the HL. These findings 
were found in two sets of participants recruited within the UNI-
TI-RCT: MED (Athens and Granada) and German (Berlin and 
Regensburg).

An unexpected finding was the significant differences in the 
patient samples from Germany and the MED countries. Com-
pared to the German cohort, the MED group had lower MoCA 
scores and higher PTA thresholds in the bilateral SNHL, unilat-
eral SNHL, and normal hearing subgroups. The association be-
tween higher HL and lower cognitive function is known from 
individuals with Alzheimer disease, who have worse hearing 
thresholds in PTA than age-matched controls [29]. Our findings 
support an association of MoCA with the education level, age, 
hearing threshold at 8 kHz, and THI scores and confirm previ-
ous studies reporting the association of high-frequency HL and 
cognitive impairment [30,31].

Presbycusis is defined as bilateral, symmetric, progressive HL 
that increases with age, typically involving first the high frequen-
cies [32]. In both groups, we found an association between high-
frequency HL (8 kHz) and lower MoCA scores. A moderate as-
sociation between moderate/severe HL and memory performance 
has been previously reported [32]. Other studies also reported 
that people with HL had significantly lower MoCA scores, than 
the normal-hearing population, and this demonstrated a clini-
cally significant effect [31].

We found an association between lower MoCA scores and a 
worse hearing threshold at 4 kHz in the MED group. HL at 4 kHz 
has been related to noise exposure [33,34]. In this regard, a study 
in rodents reported a subset of younger animals with deficits 
in spatial learning after noise exposure. These findings suggest 
that noise exposure may be associated with an increased risk of 
cognitive impairment in spatial memory in vulnerable individu-
als [35].

This association between HL and cognitive impairment is con-
sistent with the current literature, which confirms that hearing 

impairment is an independent and modifiable risk factor for cog-
nitive impairment. Thus, it is necessary to understand the mech-
anisms underlying the correlation between hearing and cognition, 
in order to prevent the onset of hearing impairment and, there-
fore, cognitive impairment [36]. The differences found in hearing 
thresholds between the German and MED groups may explain 
the discrepancy in the MoCA store, although a larger sample size 
will be needed to confirm these findings. Research suggests that 
the prevalence of Alzheimer disease in Southern Europe is high-
er than in Northern Europe [37]. In our study, the MoCA scores 
were higher in the German group than in the MED group, and 
the percentage of individuals with MoCA scores below the cut-
off was also lower in the German group (German, 24%; MED, 
42.4%). Moreover, the hearing thresholds were significantly 
better in the German group than in the MED group, for all par-
ticipants, as well as for individuals with bilateral SNHL or uni-
lateral SNHL when analyzed separately.

We found a negative correlation between MoCA scores and 
THI scores in both groups. These results confirm that the pre-
frontal region governs cognitive functions [9,38], and frontal 
neural dysfunction may hinder tinnitus habituation and trigger 
emotional distress linked to the limbic system [39]. Moreover, 
patients with chronic tinnitus exhibited difficulties in attention 
and memory tests. According to the cognitive-perceptual load 
theory [40], the continuous perception of tinnitus may consume 
perceptual resources such as stimulus discrimination, contribut-
ing to an increased cognitive load [39,40]. In this sense. working 
memory issues could be more related to the emotional distress 
caused by tinnitus than to a direct impairment [41].

From our data, we can conclude that cognitive impairment in 
tinnitus patients is related to high THI scores, which in turn re-
flect the emotional distress induced by tinnitus [41]. As we have 
no data from a control group without tinnitus, we cannot draw 
any conclusions about a possible relationship between the per-
ception of tinnitus and cognitive impairment. Moreover, numer-
ous variables, such as age or HL, are directly associated with tin-
nitus and show correlations with cognitive function [42]. 

In our study, no significant correlation was found between 
PHQ-9 scores and MoCA scores. These results differ from the 
literature, where major depression is often associated with MCI 
[43]. Nevertheless, a significant correlation has been found be-
tween PHQ-9, THI scores, and GÜF scores, suggesting that hy-
peracusis is a relevant factor in severe tinnitus [44]. A systematic 
review including 18 studies between 1982 and 2011 found a 
significant association between tinnitus and depression (P<0.01) 
[45]. The authors postulated that there may be at least three po-
tential connections between depression and tinnitus: “depres-
sion affecting tinnitus, tinnitus predisposing to depression, and 
tinnitus appearing as a comorbidity in patients with depression.” 
The majority of these studies found that depression either pre-
disposes to tinnitus or occurs as a consequence of this symptom 
[44]. Given the strong association of tinnitus with anxiety, de-
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pression, HL and hyperacusis, we should use a wide range of in-
struments to assess the full impact of tinnitus on the patient’s 
quality of life, and we should consider referring patients for the 
treatment of depression, especially for patients who present with 
severe anxiety and hyperacusis [46]. There is an association be-
tween tinnitus-distress severity and cognitive function, which 
could be a critical element in the process of characterizing the 
psychological impact of tinnitus on each patient [14]. This is par-
ticularly relevant, as impaired cognitive abilities and attention 
deficits must be taken into account in individualized therapeutic 
management [47].

This study had several limitations. The most relevant is the lack 
of a control group that could be used as a reference for MoCA 
scores. However, most of the questionnaires included in this study 
were specifically symptom-oriented (e.g., THI for patients with 
tinnitus, GÜF for patients with hyperacusis); thus, the relevance 
of these questionnaires for healthy patients is unclear. In addi-
tion, the design of the UNITI-RCT, including audiological assess-
ments and multiple questionnaires, prevented the use of other 
relevant tests for the detection of cognitive impairment, such as 
the Weschler intelligence test [48], Mini-Mental State Examina-
tion [49,50], or the Beck Depression Inventory-II [51,52]. 
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