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ABSTRACT
Background: Tinnitus is a bothersome complain , some studies show that 13-18 percent of the people suffer from 
tinnitus, almost 5 percent of which, have chronic or bothersome tinnitus. Chronic tinnitus may be accompanied by anxiety, 
depression, insomnia, and impairment in cognitive functions such as memory and attention. 
The Aim of this Study: To compare the auditory memory and auditory attention between two groups with and without 
tinnitus all of them have normal hearing.
Methods: This study were performed on 30 tinnitus patients (10 men and 20 women) aged from 20 to 50 years old and 
30 healthy volunteers (12 men and 18 women) aged from 21 to 50 years old with normal hearing thresholds. Pure tone 
audiometry (PTA), auditory continuous performance test (ACPT), Memory for recognition (MR), memory for content 
(MC) and memory for sequence (MS) were employed for all participants. Tinnitus evaluation and tinnitus handicap 
inventory questionnaire (THI) was done for the study group only.
Results: Comparing the results of ACPT between study and control groups show no statistically significant difference. 
While comparing the results of memory battery test between both groups were statistically highly significant.
Conclusion: Tinnitus decreased the memory battery test scores at the study group in comparison with the control group. 
Auditory continuous performance test (ACPT) results show no difference between study and control group. Duration of 
tinnitus affect significantly ACPT results. Bilateral tinnitus affects memory for sequence results. While loudness decreased 
results of memory for recognition.
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INTRODUCTION                                                          

Tinnitus is the perception of a sound that has no external 
source. Some of the more common sounds reported are: 
ringing, humming, buzzing, and cricket-like. Tinnitus is 
not a 'phantom sound'. There is real neural activity in brain 
that are heard as tinnitus[1].

It can also be a combination of sounds, and for many, 
the sound of their tinnitus actually changes. It can be 
constant or intermittent and is heard in one ear, both ears 
or in the head.

The neurophysiologic model explains the severity 
of tinnitus to be a conditioned response focusing on the 
network of neural activity in the auditory system, the 
sympathetic and parasympathetic autonomic nervous 
systems and the limbic system. Some of the psychological 
disorders associated with tinnitus are anxiety, depressive 
disorders, hysteria, insomnia, anger, fear and despair[2].

Researchers have found associations between tinnitus 
and anxiety disorders and depression[3]. Patients with 
tinnitus and comorbid anxiety and depressive disorder 
often present with exaggerated symptoms or non-tolerance 
of tinnitus.

Cognitive-communication disorders are communication 
impairments resulting from underlying cognitive deficits 
due to neurological impairment. These are difficulties 
in communicative competence (listening, speaking, 
reading, writing, conversation and social interaction) that 
result from underlying cognitive impairments (attention, 
memory, organization, information processing, problem 
solving, and executive functions). When tinnitus is chronic 
it causes stress on the patient which affect his/her daily 
activities.

Stress has a significant effect on memory formation and 
learning. In response to stressful situations, the brain releases 
hormones and neurotransmitters (ex. glucocorticoids and 
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catecholamine) which affect memory encoding processes 
in the hippocampus. Behavioral research on animals shows 
that chronic stress produces adrenal hormones which 
impact the hippocampal structure in the brains of rats[4]. 
Schwabe and Wolf demonstrate how learning under stress 
also decreases memory recall in humans[5].

Therefore, the more stressful situations that someone 
encounters, the more susceptible they are to memory loss 
later on. 

Attention is the behavioral and cognitive process 
of selectively concentrating on a discrete aspect of 
information, whether deemed subjective or objective, 
while ignoring other perceivable information[6]. Attention 
is a very basic function that often is a precursor to all other 
neurological/cognitive functions[7].The presence of tinnitus 
may automatically direct attention towards the tinnitus 
ear, which in turn may compromise the function of the 
involuntary attention system[8].

The cognitive disruption caused by tinnitus might serve 
as a starting point for later conditioned emotional reactions 
to tinnitus. Basically, the idea was that tinnitus has an 
interfering effect on cognitive function, and that this effect 
is noted by the person who starts to attend to it. Focus on 
tinnitus leads to less input of other conflicting  sounds , 
and might even be experienced as an increase in loudness                                                                           
(or contrast)[9]. This might occur at all steps including when 
tinnitus first appears, when it is found to disrupt cognitive 
function, and when fluctuations are perceived. However, 
the role of cognition is not restricted to the effects of 
tinnitus on working memory, and cognition occurs at 
different levels of information processing. More recently, 
Zenner and Zalaman[10] outlined a cognitive sensitization 
model. Based on the previous researches and due to the 
controversy between cognitive functions and tinnitus, 
and considering the existing contrasts about the effect of 
tinnitus on cognitive functions, it sounds highly essential 
to hold a deeper investigation of the impact of tinnitus on 
the auditory memory functions and attention. Therefore, 
this study is designed to study the effect of tinnitus on 
cognitive communicative disorders.

The aim of this study: Evaluate the effect of tinnitus on 
auditory memory and auditory attention abilities in tinnitus 
patients with normal hearing and compare them with their 
normal peers.

SUBJECTS AND METHOD                                              

The study was approved by ethical community of 
Faculty of medicine (Girls) Al-Azhar University.

Subjects
The present study comprises 60 subjects divided into 2 

groups: the study group and the control group. 

A - Control Group  
This group consists of 30 subjects selected from patients 

attending at the Hearing and Speech Institute clinics and 

their relatives. Each subject of this group fulfilled the 
following criteria .

Inclusion criteria
•	 Minimum of 20 and maximum of 50 years old. 

•	 Having normal hearing threshold (mean of 
threshold less than 25 dB from 250-8000 Hz). 

Exclusion criteria
•	 No history of ear disease. 

•	 No history of neurological disease. 

•	 No history of brain surgery nor seizure. 

•	 No history of drug abuse. 

•	 No history of tinnitus. 

B- Study Group
This group consists of 30 patients randomly selected 

from patients attending at the Hearing and Speech Institute 
clinics. The selection criteria of this group were the same 
as the control group, However, the patients of this group 
should suffer from tinnitus for at least 1 year whether 
unilateral or bilateral tinnitus with exclusion of pulsatile 
tinnitus. 

Equipment 
•	 Two channels audiometer (Interacoustic model 

AC 40) calibrated according to ANSI (1969) with 
sound-field testing facility. 

•	 Sound treated room (I.A.C model 1602). 

•	 Middle ear analyzer (Interacoustic model AZ 26).  

•	 Two channel Computer Compact discs connected 
to the audiometer and was adjusted to deliver 
recorded speech material through a loud speaker.

Method

All subjects were submitted to the following procedures 
1.	 Full history taking. 

2.	 Otological examination. 

3.	 Basic audiological evaluation in the form of: 

•	 Pure tone audiometry: Air conduction thresholds 
will be tested at the following frequencies 
0.25,0.5,1,2,4,8 KHz, bone conduction thresholds 
at the following frequencies 0.5,1,2,4 KHz[11]. 

•	 Speech Audiometry: This includes speech 
reception threshold testing (SRT) using Arabic 
spondee words[12] and word discrimination score 
testing using Arabic Phonetically Balanced (PB) 
words[13]. 

•	 Acoustic Immittance Testing: It includes 
tympanometry and acoustic reflex threshold 
measurements. 
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4.	 Tinnitus questionnaire: Arabic version of Tinnitus 
Handicap Inventory (THI)[14&15]: 

The questionnaire consists of 25 items. There are three 
responses to each question. 

•	 The first response,” yes”, is awarded four points. 

•	 The second response,” sometimes”, is awarded 
two points. 

•	 The third response,” no”, is awarded zero points. 

Accordingly, total scores range between zero and 100 
points. The final total score was calculated with higher 
scores representing greater perceived handicap. So, 
according to THI scoring, patients were are classified into 
the following:

•	 Grade 1 –slight (THI scoring 0 to 16). 

•	 Grade 2 –mild (THI scoring 18 to 36). 

•	 Grade 3 –moderate (THI scoring 38 to 56). 

•	 Grade 4–severe (THI scoring 58 to 76). 

•	 Grade 5 –catastrophic (THI scoring 78 to 100). 

5.	 Measurement of psychoacoustic characteristics of 
tinnitus:

The basic test protocol involved measurement of 
2 tinnitus parameters: (1) pitch, (2) loudness match to 
external tones. 

1-Pitch matching[16]

Pitch is a measurement of tone frequency; the pitch 
matching is performed by using the 2 alternative forced 
procedures. Vernon and Fenwick suggested this method 
as the most reliable for pitch matching[17]. Two tones are 
presented in an alternating manner. The patient is forced 
to choose which of the 2 tones is more closely matches the 
pitch of his tinnitus. This continues until pitch matching is 
made. 

2- Loudness matching 
Involved choosing from progressively increasing 

intensities at 1000 Hz or the matching frequency until 
a match is found. Recorded in decibel sensation level                  
(SL, dB above threshold).

6.	 Psychophysical tests: Four tests were used for the 
assessment of the memory and attention:

1-Auditory continuous performance test (ACPT) 
This test consisted of nineteen monosyllabic simple 

Arabic words. These words were repeated many times to 
form long list of ninety-six Arabic monosyllabic words for 
the ACPT. The Dog (كلب) was considered the target word 
and was repeated 20 times. For scoring, incorrect responses 
were subtracted from 20 then multiplied by 5. 

2-Recognition memory (MR) 
Five lists of Arabic bisyllabic words. Each list consisted 

of 11 twice repeated words, to form a list of 22 bisyllabic 
words. Words in each test were belonged to one topic or 
idea as they are telling a simple story.  The scoring of this 
test is done by counting the number of correct answers at 
each list and take the mean score of the five lists to be the 
actual score. 

3-Memory for content test (MC) 
Two groups of lists (A) and (B) are present. each group 

consisted of eight lists of monosyllabic simple Arabic 
words. The first list comprised two words, the number of 
words was increased so as to reach the nine words in the 
eighth list. The scoring of this test is by taking the highest 
two consistent results of the subject to be the main score.  If 
the score at the two lists is different, we calculate the mean 
of the two lists score. 

4- Memory for sequence test (MS) 
Two groups of lists (A) and (B) are present. Each group 

consisted of seven lists of monosyllabic simple Arabic 
words. The first list comprised two words, the number 
of words was increased so as to reach the eight words in 
the last list.  The respond considered wrong if the subject 
couldn’t recall any word in the list in order (all or none 
rule). If the score at group A and B of the same list is 
different, we take the highest score.

All these tests were done while the subject was sitting 
on chair in the middle of sound treated room .The sound 
was delivered by 2 loudspeakers at 45° azimuths with a 50 
dB SL presentation level (ref. SRT)[18].

Correlation between auditory continuous performance 
test (ACPT) , Memory for recognition (MR), Memory 
for content (MC), Memory for sequence (MS) tests with 
tinnitus investigations was also studied in this research.

RESULTS                                                                                 

In this study sixty subjects were included divided 
into two groups, the control and study groups. They were 
matched as regards of age and gender.

The tinnitus patients group (the study group) included 
30 patients, aging from 20 to 50 years old (mean of 34.43 
and standard deviation of 9.50) (10 men and 20 women) . 
The control group included 30 healthy individuals, aging 
from 21 to 50 years old (mean of 34.50 and standard 
deviation of 7.56) (12 men and 18 women) . There was 
no significant difference between the two groups in terms 
of sex, age (p>0.05). In addition, 60% of patients were in 
grade 3 (moderate) as regards THI (Table 1). The mean of 
tinnitus handicap Inventory score  was (44.07%) (Table 2). 
Most of the patients suffers from tinnitus had tinnitus pitch 
at 1000 Hz (about 26%), 18% had tinnitus pitch at 2000 Hz 
,16.66% at 250 and 500 Hz,6.66% at 750, 1500  and 4000 
Hz , and zero% at 8000 Hz .Bilateral tinnitus was met at 30 
% of subjects (n=9). In subjects with unilateral tinnitus left 
sided tinnitus was more prevalent than right sided tinnitus 
(Table 2).
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Table 1: Distribution of tinnitus patients scores according to 
Tinnitus Handicap Inventory Questionnaire (THI) Arabic version

THI
Tinnitus patients

No %
Grade 1 (slight) 1 3.33%
Grade2 (mild) 6 20%
Grade 3 (moderate) 18 60%
Grade 4 (severe) 5 16.66%
Grade 5 (catastrophic) Zero Zero%
Total 30 100%

Shows that high percentage of tinnitus patients scores at THI is at 
grade 3 (moderate).

Table 2: Descriptive analysis of tinnitus pitch matching, loudness 
matching, laterality, duration and Tinnitus Handicap Inventory 
Questionnaire (THI) results in study group

SD % 
interquartile range

Tinnitus pitch Mean 1000.0 (500 – 4000)

Laterality
Unilateral No 21 70.0%
Bilateral No 9 30.0%

Unilateral 
ear

RT No 10 47.6%
Lt No 11 52.4%

Loudness (Higher) Median 26.8 9.8
Loudness (Lower) Median 21.83 11.02

Duration by months Median 28 17
Questionnaire by % Mean 44.07 12.28

Shows Bilateral tinnitus was met at 30 % of subjects (n=9). In 
subjects with unilateral tinnitus left sided tinnitus was more 
prevalent than right sided tinnitus.

All subjects at this study has pure tone threshold in both 
ears equal to or better than 15 dB HL at all tested frequencies 
(250 Hz through 8000 Hz) .This indicates normal peripheral 
hearing. Speech audiometry results revealed that speech 

reception threshold (SRT) were in agreement with the 
pure tone thresholds. The results showed excellent word 
discrimination scores for all the subjects. (Table 3) shows 
no significance difference at ACPT% between study and 
control groups. There is a statistical significance reduction 
in MR, MC, MS scores of study group in relation to the 
control group as shown in (Table 4). As regards correlation 
with tinnitus pitch matching, tinnitus loudness matching, 
THI questionnaire and tinnitus duration, (Table 5) shows 
significant relation between ACPT% and tinnitus duration. 
(Table 6) shows significant relation of MR with loudness 
(that includes loudness at lesser affected ear of bilateral 
tinnitus). However, there is no significant relation with MC 
and MS respectively.

Table 3: Comparison analysis between study and control groups 
for auditory continuous performance test (ACPT)

Group T- test of 
significanceStudy Control

Mean±SD % Mean±SD  % P-Value Sig.
ACPT by % 99.33±2.17 100.00±0.00 0.103 NS

(C) Chi-Square test of significance. 
Shows no statistically significance difference at ACPT% between 
study and control groups.

Table 4: Comparison analysis between study and control group 
at Memory for recognition(MR) test scores, Memory for content 
(MC) test scores and Memory for sequence (MS) test scores

Group T- test of 
significanceStudy Control

Mean±SD % Mean±SD  % P-Value Sig.
MR 8.6±1.3 10.1±0.5 <0.001 HS
MC 4.3±0.8 6.3±1.3 <0.001 HS
MS 3.4±0.7 5.2±1.2 <0.001 HS

Shows statistical significance reduction in MR, MC, MR scores 
of study group in relation to the control group.

Table 5: Correlation between auditory continuous performance test (ACPT) and tinnitus investigations

Tinnitus pitch Loudness (Higher) Loudness (Lower) Duration Questionnaire

ACPT by %
Pearson Correlation 0.187 -0.103 0.125 -0.386 -0.050

P-Value 0.324 0.589 0.511 0.035 0.793
Sig. NS NS NS S NS

(S) Spearman rho correlation test.
Correlation between ACPT% and tinnitus pitch matching, tinnitus loudness matching, THI questionnaire and tinnitus duration shows sig-
nificant relation between ACPT% and tinnitus duration.
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Table 6: Correlation between Memory for recognition (MR), Memory for content (MC) and Memory for sequence (MS) and tinnitus 
investigations

Tinnitus pitch Loudness (Higher) Loudness (Lower) Duration Questionnaire

MR
Pearson Correlation 0.323 0.275 0.526 -0.051 -0.163

P-Value 0.082 0.141 0.003 0.789 0.390
Sig. NS NS S NS NS

MC
Pearson Correlation -0.052 -0.016 0.316 -0.112 -0.128

P-Value 0.784 0.935 0.089 0.557 0.499
Sig. NS NS NS NS NS

MS
Pearson Correlation -0.016 -0.131 0.272 0.002 -0.220

P-Value 0.935 0.489 0.146 0.993 0.242
Sig. NS NS NS NS NS

(S) Spearman rho correlation test.

Correlation between MR and tinnitus pitch matching, tinnitus loudness matching, THI questionnaire and tinnitus duration shows significant 
relation with loudness (that includes loudness at lesser affected ear of bilateral tinnitus).However, correlation between MC and MS with 
tinnitus pitch matching, tinnitus loudness matching, THI questionnaire and tinnitus duration shows no significant relation.

DISCUSSION                                                                           

Coexistence of various types of cognitive dysfunction 
result in decreased performance on several tasks that 
require memory and attention[19].  Some models of tinnitus 
pathophysiology suggest that networks associated with 
attention, memory, distress and multisensory experience 
are involved in tinnitus perception.

Not all tinnitus patients suffer from hearing loss as it 
was observed that 30%of patients has hearing loss suffer 
from tinnitus, on the other hand ,15% of chronic tinnitus 
patient has normal hearing[20].

In order to know the real effect of tinnitus on memory 
and attention we examined patients with normal hearing 
but complaining from chronic tinnitus.

Auditory continuous performance test (ACPT) was 
used to evaluate the sustained attention ability. Sustained 
attention means ability to listen over prolonged period 
of time. In this study the results of comparison between 
study and control group for ACPT indicates that attention 
span of tinnitus patient is not affected by the presence of 
the tinnitus itself .These results matched with findings of  
Hallam et al., (2004) who conducted a study to see the 
effect of severe tinnitus on attention in which there was no 
difference between study and control group[21].

Results of comparison of  auditory memory test battery 
between study and control group show better performance 
at control group that was highly statistically significant 
indicating that tinnitus affect memory at tinnitus patient. 
The results correlates with the statement that” up to 70% 
of tinnitus patients do report having difficulties with 
concentration[22], this being the third highest reported 
difficulty associated with tinnitus. Also, it is consistent with 
the results of the study of Advani[23] who studied the effect 
of tinnitus on working memory and reported impaired 
performance in the single and dual working memory tasks 
tinnitus group compared to controls and attributed this to 
be related to emotional distress. 

Memory for sequence test  (MS) results were 
statistically affected in patients who suffered from binaural 
tinnitus in comparison with monaural tinnitus affection. 
Although most researches state the impact of chronic 
tinnitus on the cognitive functions. As, the idea was that 
tinnitus has an interfering effect on cognitive function 
and that this effect is noted by the person. Who starts to 
focus on tinnitus that leads to less input of other conflicting 
sounds[10]. Others researchers reported no interference of 
tinnitus in the behavioral—cognitive functions (attention 
and memory)[24,25,26]. 

The effect of different variables, namely: duration, 
pitch and loudness and THI questionnaire of the tinnitus 
on memory and attention tests were studied in this research 
using the analysis of variance technique.

This research showed that the duration of the tinnitus 
significantly affects the auditory continuous performance 
test., the longer the duration of the tinnitus the lower the 
attention span of the patient. Similar finding were reported 
by (Mohamad  et al.,[27]  who suggest that the duration of 
tinnitus may interfere with cognitive processing especially 
the performance in digit span, verbal comprehension, 
mental balance, attention,concentration, and immediate 
recall. Heeren et al., also reported that the degree of the 
executive control impairment of the tinnitus patient was 
significantly correlated with duration of tinnitus[28].

Loudness of the tinnitus (including lesser affected 
ear at bilateral tinnitus) statistically affects memory for  
recognition results with no effect of different variable on 
memory for content nor memory for sequence as shown 
in this study. 

Finally, cognitive communicative abilities should be 
evaluated in each tinnitus patient to avoid the impact of 
tinnitus on his performance and provides these patients 
with appropriate rehabilitation.
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CONCLUSION                                                                       

The influence of tinnitus on cognitive abilities were 
evaluated in this study. The findings revealed that tinnitus 
decreases the memory battery test scores at the study 
group in comparison with the control group. However, no 
difference  were detected as regards Auditory continuous 
performance test results between both groups. Attention 
span affected by duration of tinnitus, the more the duration 
of the tinnitus the less attention span of the patient. Also, 
I t was found that bilateral tinnitus decreases memory for 
sequence scores. However, Memory for recognition results 
decreased by loudness. 
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