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ABSTRACT
Objectives: Tinnitus is the perception of sound that does not arise from an external source. It is a chronic 

sensation that virtually all would prefer not to experience, but for most people it is not disabling and treatments 
for disturbing tinnitus are limited. Diabetes causes several side effects, among which its impact on the neural 
system is one of the most important ones. Considering that the hearing system is part of the neural system, 
this paper investigates the likelihood of tinnitus occurrence and its potential role of risk factor in patients with 
type 2 diabetes mellitus (T2DM).

Methodology: This study was conducted on 250 patients from the diabetes center of Birjand, Iran. Data from 
all patients were collected in 2018, using a demographic questionnaire together with a standard questionnaire. 

Results: Sixty six of the 250 patients in the sample set had tinnitus (26% likelihood of tinnitus occurrence), 
with 53% of all subjects having minor disorder. A meaningful dependency between patient’s age and severity 
of tinnitus (p <0.05) was found, with tinnitus-related problems becoming more severe among older patients. 
Also, a meaningful dependency was identified between the duration of diabetes and tinnitus, with the 
hearing disorder being more severe among patients who had diabetes for more than ten years. No meaningful 
dependency was found between either patient’s gender and tinnitus or the level of fasting blood sugar (FBS) 
and glycated hemoglobin (HbA1C). The severity of tinnitus was identified. 

Conclusion: The present study indicates that there is an association between the age of patients with 
diabetes and the severity of tinnitus. Also, the duration of diabetes impacts the likelihood of having tinnitus. In 
patients with diabetes, tinnitus can be considered as an indicator of the development of neuropathy or a level 
of microangiopathy of the inner ear. 
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INTRODUCTION

Tinnitus is one of the problems related to 
the hearing system which degrades the 
quality of life. Tinnitus refers to abnor-
mal hearing sounds in one or both ears 
in the presence of no external sound 

source. In one study that was performed in South 
Korea, this problem is reported in 43% of diabe-
tes mellitus (DM) patients. Tinnitus may appear 
without any clear reason, but it is more likely to 
occur together with either some other problems 
at the level of the ear or some systematic di seases 
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such as DM and high blood pressure. Despite 
the fact that tinnitus, especially its chronic type, 
is not considered a disease, it creates discomfort 
in patients by degrading their quality of life due 
to disruption in concentration or sleep (1). The 
neurological side effects of DM may lead to dys-
function of the hearing system. The study per-
formed by Sasso et al shows that, in comparison 
with normal population, DM patients have lower 
amplitudes of otoacoustic emissions and this im-
pairment is related to the duration of type 2 DM 
(T2DM) (2). In addition, the study of Prateek Roy 
et al shows that DM involves vestibular and co-
chlear functions (3). The existence of diabetes-re-
lated hearing loss increases the possibility of dia-
betic vestibulopathy. It seems that diabetic 
patients also have impaired vestibular input be-
cause the microcirculation that maintains co-
chlear function is involved with the circulation of 
the vestibular organs  (3).

Diabetes mellitus refers to a group of meta-
bolic diseases that can be identified by either the 
hyperglycemia resulting from defects in insulin se-
cretion or insulin action, or both factors (4). Vas-
cular complications are the major cause of mor-
bidity and mortality in diabetic patients. These 
result from interactions between systemic meta-
bolic abnormalities, including hyperglycemia, 
dyslipidemia, genetic and epigenetic modulators, 
and local tissue responses to toxic metabolites (5). 
The long-term symptoms of DM include retinopa-
thy, nephropathy, neuropathy, sexual and heart 
dysfunction (6). Among different types of DM, 
T2DM is also referred to as independent diabetes 
to insulin and it accounts for 90–95% of world-
wide DM cases. During the last three decades, the 
global population of DM patients doubled, which 
showed that this disease was one of the most chal-
lenging issues for all healthcare systems (7). The 
risk factors of DM include age, overweight, low 
physical exercises, pregnancy diabetes back-
ground, and family background (8). Measure-
ments of A1c or HbA1c levels for DM diagnosis and 
control have been considered as they reflect the 
average glucose level during the last two to three 
months in patient’s blood which is directly associ-
ated to diabetes symptoms related to narrow and, 
to some extent, wide blood vessels (9). The level 
of HbA1c has been shown to be an important test 
in guiding the care of DM patients. Because of 
this, HbA1c level has been introduced as a relevant 
quality measure for both physicians and health 

care systems (10). One of the most important 
symptoms of DM is its impact on the neural sys-
tem by increasing apoptosis through oxidative de-
struction (11, 12). Hyperglycemia can damage 
neuronal cells by impairing vasodilation and in-
creasing capillary basement membrane thicke-
ning and endothelial hyperplasia, which diminishes 
oxygen tension additionally; also, hyperglyce mia 
reduces Na+K+ATPase activity, which is essential 
for maintaining normal nerve resting membrane 
potential as well as providing neurotrophic sup-
port (5).

The present study was motivated by the fact 
that, despite the impact of tinnitus on the quality 
of life, only few studies have investigated the as-
sociation between tinnitus and DM, with DM be-
ing a common disease in the Iranian city of Birjand

RESEARCH METHODOLOGY

This study has been conducted on 250 diag-
nosed DM patients in Birjand diabetes center 

over a period of time in 2018. The samples have 
been taken in a deterministic manner, conside-
ring the 30% tinnitus rate in the general popu-
lation (1). The number of samples are computed 
following the equation n=[z2p(1-p)]/d2, where 
n is the number of samples, z is the standard 
level according to the normal distribution which 
is equal to 1.96, p is the ratio of the estimated 
population which contains the desired property, 
that in our case is equal to 0.3, and d is the error 
level that the researcher can neglect, which is 
considered to be 0.06 in our study. According to 
the equation, we have n≈250, and considering 
the reduction due to partially filled in surveys 
250 samples picked. After acquiring the ethical 
code (Ir.bums.rec.1395.276) and collecting par-
ticipants’ written agreement, the background in-
formation about all subjects was collected. In the 
surveys, answers to two sets of questions, one 
about age, gender, address, level of education, 
and another one regarding the background of 
the sickness, including disease duration, family 
background of the disease, recorded diagnosis, 
blood glucose and blood pressure measure-
ments, and treatments were collected from the 
subjects’ medical records. The second part of the 
survey considered information about the status 
of each patient’s tinnitus, with questionnaire 
(Tinnitus Handicap Inventory) being certified in 
two studies (13, 14). This questionnaire is com-

Diabetes Mellitus anD tinnitus: an epiDeMiology stuDy
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posed of 26 questions about the tinnitus status. 
First, patients were asked to score each question 
with a three-level score (Yes: four scores; Occa-
sionally: two scores; and No: 0 scores). Next, the 
summation of scores was marked as the patient’s 
score. The severity of tinnitus based on acquired 
scores is ranked into five groups: slight, mild, 
moderate, severe, and catastrophe. The scores 
that could be acquired from the inquiry were in 
the range of 0 to 100. Patients with a score in the 
range of 0 to 16 were classified in the slight 
group, those with scores between 18 and 36 in 
the mild group, the ones with scores of 38 to 56 
in the moderate group, patients with scores of 58 
to 76 in the severe group, and those with scores 
of 78 to 100 in the catastrophic group. In order 
to be included in the study, patients needed to 
meet some criteria, including willingness to par-
ticipate in research, minimum age of 20 years, 
and ability to understand and speak Persian lan-
guage. Exclusion criteria included consuming 
ototoxic medicines in the past, background of 
neurological disorders, identified inner or outer 
ear disease, acoustic trauma, head trauma, and 

chronic otitis media. Finally, collected data were 

analyzed using SPSS 16 software by Chi-square 
test and independent T-test with parameter 0.05.   

RESULTS

The present study included 250 DM patients, 
of which 158 (63.2%) were females and 

92 (36.8%) males. Sixty six (26.4%) of all patients 
– 47 (71.2%) females and 19 (28.8%) males – 
had tinnitus, of which 35 (53%) patients had a 
mild degree. 

According to the statistics presented in Table 1, 
the p-value of the Chi-square test shows that there 
is a statistical dependency between age and tin-
nitus. As age increases, more patients with mild 
tinnitus are identified.  

According to Table 2, it can be concluded that 
there is no dependency between gender and se-
vereness of tinnitus. 

Table 3 shows a dependency between the du-
ration of DM and tinnitus severity, as complaint 
about moderate and severe tinnitus in patients 
with DM of less than 10 years duration is more 
likely. 

Diabetes Mellitus anD tinnitus: an epiDeMiology stuDy

TABLE 1. 
Tinnitus 
distribution for 
different age 
groups

TABLE 2. 
Tinnitus 
distribution by 
gender

TABLE 3. 
Tinnitus 
distribution 
for different 
duration of 
diabetes 
diagnosis
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To compare the average latest level of FBS and 
A1C regarding the tinnitus status, Kruskal Wallis 
test has been used. The test outcome showed that 
there was no meaningful difference between the 
latest level of FBS and A1C. 

Mann-Whitney test results show that there is 
no meaningful difference between the latest level 
of FBS and HbA1c in both groups with tinnitus and 
without tinnitus. 

DISCUSSIONS

In the literature, 19–65% of patients with DM 
have been reported to suffer from tinnitus 

(13, 15). In our study on 250 participants, 66 of 
all subjects had tinnitus; thus, the likelihood of 
tinnitus in our study group with DM was 26.4%. 
The majority of patients with tinnitus had mild 
symptoms. This difference may be due to either 
the selected statistical population and or regional 
factors. This study shows that there is a meaning-
ful dependency between patients’ age and se-
verity of tinnitus. For subjects with mild tinnitus 
symptoms, the probability of suffering from tin-
nitus increases with age. This dependency id also 
observed among patients with catastrophic tin-
nitus. However, in the other two groups (patients 
with moderate and severe tinnitus, respectively), 
no clear dependency between tinnitus and age 
were identified, which can be explained by the 
very low number of patients with tinnitus rela-
tively to the number of those without tinnitus. 
Among subjects with tinnitus, 92.4% were over 
51 years old. This data is consistent with the 
study of Kim, that shows a dependency between 
age and tinnitus severity (16). The reason that 
tinnitus severity in both groups with moderate 
and severe tinnitus and age does not have a 
meaningful dependency can be related to the 

few number of samples; however, in both groups 
with mild and catastrophic tinnitus there is an 
association between age and tinnitus severity, as 
the percentage of patients with tinnitus in each 
category increases with age. 

The results of the present study show that 
there is a meaningful dependency between DM 
duration and tinnitus severity; also, in the group of 
patients with less than ten years duration of DM, 
moderate to catastrophic tinnitus has a higher 
proportion than in the group of subjects with 
more than ten years duration of DM. 

According to Table 3, the number of patients 
with mild tinnitus increases with DM duration, 
which implies that most patients with mild tinnitus 
have more than ten years of DM duration. This is 
not observed in other groups of patients, which 
can be due to the low number of subjects with 
moderate and severe tinnitus. As DM develops, 
the probability of suffering from neuropathy and 
degraded hearing due to neuro sensor impair-
ments increases with age, which would impact 
the study outcome. Increase of DM duration with 
age and some other symptoms makes interpreta-
tions of results more challenging. Therefore, an 
obvious dependency between tinnitus and DM in 
patients aged over 60 has not been confirmed 
(17). 

Dependency between age and tinnitus can be 
due to the duration of DM, as the longer the DM 
duration, the more severe the side effects of the 
disease. Somogy et al (18) showed an association 
between tinnitus and diabetes, with people suf-
fering from DM being more likely to have tinnitus 
than healthy people of the same age. 

There is no meaningful dependency between 
the levels of FBS and HbA1c and tinnitus, and the 
mean and standard deviation of FBS and HbA1c 
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TABLE 4. Mean and standard deviation of the latest level of fasting blood sugar (FBS) and 
glycated hemoglobin (HbA1C) for different tinnitus status

TABLE 5. Mean and standard 
deviation of the latest level of FBS and 
glycated hemoglobin (HbA1C) for 
different tinnitus status
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levels was similar in both groups. Also, there is no 
meaningful dependency between FBS and HbA1c 
levels and tinnitus severity. Therefore, it can be 
concluded that tinnitus and its severity cannot be 
predicted based on the levels of FBS and HbA1c.

There have been some study limitations that 
would need to be considered in future follow up 
research. Considering peripheral neuropathy 
symptoms of the same cases could have given fur-
ther insight for the interpretation of findings. Fur-
ther investigations can address the following re-
search questions: (1) Can tinnitus in diabetes 
patients be considered as an indication of early 
stages of diabetes neuropathy and microangiopa-
thy in the inner ear?; and (2) Can the required 
treatments be considered in the treatment plan-
ning to control the side effects of neuropathy and 
tinnitus developments? 

CONCLUSION

The present study shows a dependency be-
tween tinnitus severity and patients’ age. Also, 

it shows that there is no meaningful dependency 
between the levels of FBS and HbA1c and tinnitus 
and its severity. This study suggests that patients 
with a duration of diabetes of less than ten years 
should be diagnosed for possible tinnitus and its 
potential side effects. q
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