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Abstract

Tinnitus is defined as perception of a sound without sound
stimulation. This study aims to investigate the correlation between
chronic tinnitus and the most significant clinical comorbidities and
pharmacological treatments. We recruited 130 consecutive
outpatients with a tinnitus for least from three months and 100
subjects without tinnitus. All patients had a full medical and
audiological evaluation and all filled in Tinnitus Handicap
Inventory questionnaire and Khalfa’s Hyperacusis questionnaire.
We also analyzed the qualitative variables: audiometry exam,
tinnitus characteristics and psychometric questionnaires. Univariate
logistic regression was performed to evaluate the associations
between the presence of tinnitus and the presence of comorbidities
and drug intake. The statistical analysis provided the following
results in the group of patients with tinnitus. We obtained an Odds
Ratio statistically significant for the following categories taken into
consideration: the presence of anxiety and depression, neurological
diseases, headache, temporomandibular joint (TMJ) disorders,
intake of levothyroxine and proton-pump inhibitor. In this study,
we tried to evaluate the audiological characteristics in the subjects
affected by chronic tinnitus in order to find a possible correlation
with the comorbidities and any drugs intake. We found a
statistically significant correlation between tinnitus and
comorbidities like anxiety, depression, TMJ disorders,
dysthyroidism, headache and levothyroxine and PPI intake.
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Introduction

Tinnitus is defined by the American National Standards
Institute! as the perception of a sound without sound stimulation.
The definition of conscious sound experience in the head was
proposed by the Committee on Hearing, Bioacoustics and
Biomechanics.?

Tinnitus can occur in association with otological diseases (like
otosclerosis, Méniére’s disease and vestibular schwannoma) as well
as other metabolic abnormalities and psychiatric disturbances (like
anxiety and depression). Specifically, sensorineural hearing loss,
obesity, smoking, alcohol abuse, previous head trauma,
hypertension, sleep disorders, and ototoxic drugs (such as
salicylates) are possible risk factors for sensorineural type tinnitus.
Somatosensory tinnitus is attributed to the frequent co-existence of
tinnitus and TMJ disorders.?

In the United States the prevalence of tinnitus increases with
age, standing at 31.4% in the age group between 60 and 69 years.
The incidence of tinnitus is higher in males, non-Hispanic white,
with a body mass index >30 kg/m?, diagnosed with hypertension
or diabetes mellitus or dyslipidemia or anxiety disorder.*

Recent American guidelines recommend during the initial
assessment of a patient with presumed primary tinnitus, to perform
a medical history and physical examination to identify conditions
that, if promptly identified and managed, could improve the
subjective tinnitus annoyance. The evaluation of unilateral tinnitus
considering first the suspicion of vestibular schwannoma or
vascular tumor firstly should be completed with the otological and
audiological evaluation, and if it’s also indicated with the imaging.
The potentially harmful effects of occupational or recreational
exposure to noise can lead to an acoustic shock which must be
promptly evaluated from a complete audiological point of view.?

Moreover, a number of recent studies highlighted a correlation
between tinnitus and various systemic and organ diseases.

For instance, it was observed that cardiovascular diseases and
vascular lesions can cause tinnitus, whereas the prompt treatment
setting can alleviate the symptoms of tinnitus.®

Also, pathologies like anxiety and depression are common in
patients with tinnitus. The association between major depression
and tinnitus was reported in 48%-60% of cases’ and the severity of
depression and anxiety is related to the severity of tinnitus.®

A recent study emphasizes the influence of the type and side of
headache and the characteristics of tinnitus demonstrating greater
impairment in patients with left and bilateral headache and in
patients with migraine or cluster headache.®

A 2013 study showed that there is a high risk of developing
hearing loss in individuals suffering from gastroesophageal reflux
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especially in the women; while this has not been demonstrated in
case use of pump proton inhibitors.!?

Tinnitus can also be evoked or modulated by the inputs of
somatosensory, somatomotory and visual-motor systems in some
individuals. This means that the volume and tone of the tinnitus
could be changed immediately, even if temporarily, by different
stimuli.!!

Therefore, this study aims to investigate the correlation between
the audiological characteristics of chronic tinnitus and the most
significant clinical comorbidities and their pharmacological
treatments.

In detail we wanted to assess the audiological characteristics of
tinnitus in our group of patients with comorbidities to understand if
in this group of subjects, it is possible to find a precise correlation
in order to intervene in time to reduce the sensation of tinnitus or
improve it. In addition, by evaluating the nature of tinnitus in all
patients treated with drugs intake we wanted to evaluate the risk
factors of ototoxicity and when preventive measures can be
implemented to prevent the onset of tinnitus.

Materials and Methods

Participants

We recruited 130 consecutive outpatients with a primary
complaint of tinnitus for at least three months. All patients filled in
the complete Italian version of the Khalfa’s hyperacusis
questionnaire (HQ) and the tinnitus handicap inventory (THI) in a
self-administered way. An accurate anamnesis was performed.
Patients also underwent an ENT clinical examination with otoscopy,
rhinoscopy and pharingoscopy. The audiological examination was
carried out in an audiological cabin, using an audiometer (Madsen
Itera II, GN Otometrics) and included tonal audiometry, pitch and
loudness tinnitus matching, and determination of Uncomfortable
Loudness Levels (ULLs). Normal hearing was defined by threshold
of <25 dB HL in all frequencies tested between 125 Hz and 8000
Hz.

A homogeneous control group of 100 subjects was collected,
which did not show tinnitus and hearing loss.

In our study, the selected participants of the tinnitus group had
normal hearing or a mild Sensorineural hearing loss (SNHL) only
at high frequencies (6000 and 8000 Hz).

The exclusion criteria were the presence of pulsatile tinnitus,
the presence of tinnitus for less than three months (acute tinnitus),
schizophrenic patients, children under 18 years and subjects that do
not understand Italian language.

Informed consent was obtained from each participant before the
ENT visit and the collection of clinical data. Each patient gave
approval for the processing of personal data anonymously for a
possible study.

Considering that our study is observational, carried out using
questionnaires and data from non-invasive routine exams, such as
audiometry, no formal medical approval by the local medical ethics
committee was requested.

Tonal audiometric examination

The tonal audiometric examination was performed by means of
monaural stimulation in the headphones, for the detection of the air
threshold (at frequencies 125, 250, 500, 1000, 2000, 3000, 4000,
6000 and 8000 Hz), and with mastoid vibrator, for the bone
threshold relief (at frequencies 250-4000 Hz). The entity of hearing
loss was defined, established on the recommendations of the
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Committee on Hearing and Equilibrium of the American Academy
of Otolaryngology, Head and Neck Surgery of 1995, and based on
the Pure Tone Average.'?

Uncomfortable loudness levels

The ULLs were determined by a pre-established methodological
process. In our study the frequencies tested were 0.25, 0.5, 1, 2, 4
and 8 kHz.

All ULLs were measured by providing precise instructions to
patients, as indicated by the British Society of Audiology.!3

Distortion product otoacoustic emissions

Distortion product otoacoustic emissions (DPOAEs) were
measured in both ears and the results were reported as pass/refer.

Khalfa’s hyperacusis questionnaire, the tinnitus handi-
cap inventory and anamnestic collection

Since there are no objective tests for the evaluation tinnitus,
clinicians must rely on questionnaires to assess the severity of the
disorder.’

The most commonly tool used for this purpose is the THI, which
defines the perceived impact of symptoms on the patient’s quality
of life and currently has a standardized Italian version.!4

In a previous study we validated the Italian version of the HQ
and we found a cut off score of 16 as indicative of the presence of
hyperacusis.!6

The anamnestic collection was carried out to obtain information
about comorbidities and drugs intake.

Statistical analysis

A descriptive analysis was performed by calculating the relative
frequencies for dichotomous variables: gender, drugs
(antihypertensive, diuretic, cortisone, levothyroxine, hypoglycemic
agents, proton-pump inhibitors (PPI) and antidepressants) and
associated diseases such as anxiety, depression, neurological
diseases, hypertension, cardiovascular diseases, diabetes, headache
and TMJ disorders. The qualitative variables considered were
audiometry exam, tinnitus pitch and loudness trend, tinnitus affected
side, and patient description of tinnitus. The mean and the standard
deviation for the continuous variables (Age, Total THI, Total HQ)
were also evaluated.

¥* test was used in frequency distributions for intensity variables
in both the right ear and the left ear.

In order to examine the possible associations between the
tinnitus and comorbidities or drug intake (dichotomous variables),
a univariate logistic regression was performed, evaluating the Odds
Ratio (OR) and the respective confidence intervals. A p-value of
less than 0.05 was considered significant.

The data were analyzed using the Stata 12 software (Stata Corp
LP, College Station, TX, USA).

Results

The statistical analysis provided the following results in the
group of patients with tinnitus: the sample consisted of 75 males
(57.7%) and 55 females (42.3%), age range 22-81 years, (mean=53
years), the control group represented by 54 male and 46 female, age
range 28-62 years (mean=46 years). The two groups did not present
statistically significant differences in age and sex distribution.

Table 1 shows the results for the individual variables: gender
demographics (male/female distribution) and audiological
characteristics [presence of hearing loss, values of ULLs and
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Distortion product otoacoustic emissions (DPOAESs), measured a
level of both ears]. We have also examined the distribution of the
values obtained at each individual side of the ULLs and DPOAEs.

We analyzed the distribution and the scores obtained by
psychometric questionnaires: the average score of the THI
questionnaire obtained was of 31.65 (29 for male and 35.4 for
female subjects). A logistic regression for sex was performed and
showed a significant difference between the two sexes regarding the
variable of the total THI (p-value <0.05). HQ’s scores were
evaluated in patients with tinnitus to consider the presence of
hyperacusis. In our sample, 28.5% of patients (n=37) reported a
value below 16 and 71.5% of patients (n=93) reported a value
greater than 16. Male subjects obtained an average total score of the
HQ score of 11.3 and females presented an average value of 14.6.
The logistic regression performed showed a statistical significance
based on gender (p-value <0.05).

We also evaluated the frequency and intensity distribution for
both sides in all patients.

These two variables for every single side have been crossed and
evaluated with the y2 test, showing a significance for the left side
of p=0.021. The right side did not show any statistical significance
(p=0.9). These results indicate that the left side was more affected
but above all the most affected frequencies were higher than 6000
Hz with an average intensity of 41.3 dB. Also, DPOAEs were-more
affected on the left side, ULLs did not show significant relevance
(p-value>0.05). A model was developed to assess comorbidities
with tinnitus logistically; the obtained ORs were statistically
significant for the following categories taken into consideration: the
presence of neurological diseases, depression, anxiety, TMJ
disorders, headache, dysthyroidism, intake of levothyroxine and
proton-pump inhibitors (Tables 2 and 3).

anxiety, depression, dysthyroidism, headaches and with the
assumption of levothyroxine and proton-pump inhibitors. The
impairment was evaluated with an accurate audiological
examination and successively confirmed through subjective
questionnaires on tinnitus annoyance and eventually on hyperacusis.

Our findings are in line with earlier studies, recent article Kim
et. al identified many risk factors associated with tinnitus: being
female smoking, reduced number of hours of sleep (<6 hours),
stress, rheumatoid arthritis, asthma, depression, thyroid diseases,
tympanic membrane abnormalities, unilateral or bilateral hearing
loss, exposure to earphone noise, exposure to noise at work,
exposure to noise outside the workplace and short exposure to noise
and hyperlipidaemia.!”

The increased incidence of tinnitus in patients with TMJ
disorders compared to the general population (32% according to
Bush'®) indicates a correlation between tinnitus and TMJ disorders,
such as to represent the cause of 7% of all tinnitus.

Some studies have shown that somatosensory tinnitus could be
due to somatosensory input afferent from the trigeminal and dorsal
ganglia that cause changes in the frequency and synchrony of
discharge to the dorsal cochlear nuclei, which could trigger somatic
tinnitus.'”

Table 1. Demographic data and audiological evaluation.

Age(years) (mean+SD) 53.1x13.97 46.16+12.95
Gender (male) (Freq. (%)) 75 (57.69) 54 (54)
Audiometric examination (normal) 52 (40) 7(93)
Discussion ULLs (right-nomal) 95 (73) 2 (98)
In this study many patients affected by tinnitus also presented ULLs (left—.normal) %6 (75) 30D
an association with comorbidities and drugs intake. Specifically, we DPOAES (right-pass) 42 (323) 4 (%6)
found a statistically significative correlation with TMJ disorders, DPOAEs (left-pass) 40 (29.2) 7(93)
Table 2. Pharmacological therapies and associated diseases of the compared samples.
Gender (male) (Freq.(%)) 75 (57.69) 54 ns
Drugs 73 (56.15) 51 n.s
Antihypertensive 32 (24.62) 23 0.$
Diuretics 14 (10.77) 10 n.s
Cortisone 5 (3.85) 3 n.s
Levothyroxine 27 (20.77) 10 0.08
Hypoglycemic drugs 12 (9.23) 7 n.s
Proton-pump inhibitors 20 (15.38) 7 0.02
Antidepressants 14 (10.77) 5 n.s
Associated diseases
TMJ Disorders 63 (48.46) 33 0.001
Headache 59 (45.38) 31 0.001
Neurological disorders 12 (9.23) 2 0.02
Depression 35 (26.92) 6 0.001
Anxiety 71 (54.62) 36 0.001
Cardiovascular diseases 14 (10.77) 17 n.s
Hypertension 38 (29.23) 21 n.s
Diabetes 14 (10.77) 7 n.s
Dyslipidemia 9 (6.92) 7 n.s
Dysthyroidism 34 (26.15) 12 0.001
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Otherwise, the main mechanism that underlies pathologies such
as atherosclerosis, diabetes, hypertension and vasculitis is due to
endothelial dysfunction and the activation of prothrombotic
phenomena. In fact, the presence of these pathologies causes
liberation of free radicals and endothelial dysfunction. An excessive
presence of free radicals, produced by molecular oxygen, if not
compensated by the endogenous antioxidant system, creates cellular
apoptosis.®

The inner ear, as a highly specialized organ for the functions of
hearing and balance, is characterized by a high energy consumption
metabolism that requires a regular and adequate supply of oxygen,
guaranteed by a fine regulation of the cerebro-vascular flow,
involving endothelium-dependent mechanisms mediated by the
glycocalytic interface of the cochlear-vestibular microcirculation.®

Furthermore, patients with autoimmune thyroid diseases seem
to have an elevated risk of tinnitus; in fact, tinnitus is more likely
to occur in females with a history of thyroid disease. Nevertheless,
there have been few studies on the pathophysiology of tinnitus in
acquired hypothyroidism.20

Studies examining the effect of hypothyroidism on inner ear
morphology have reported that the first inner ear structure shows
morphologic changes in the tectorial membrane. A constant
alteration in the normal structure was found in addition to thickening
of the basilar membrane, as well as inner and outer hair cell
degeneration, tectorial membrane irregularities, and debris in the
cochlear duct. Studies examining the effect of hypothyroidism on
cochlear function have suggested that abnormal thyroid hormone
levels lead to defects in the neurological and morphological
development of the organ of Corti, suggesting that thyroid hormones
exert direct effect on the cochlea.?!

The precise relationship between depression and tinnitus is not
clear: tinnitus can predispose individuals to depression or can be an
independent comorbidity in patients with depression.?!

In many cross-sectional studies on chronic tinnitus, the presence
of a psychiatric comorbidity has been demonstrated. Both
depression and anxiety may be present as an independent disease
or as a concomitant pathological condition, which suggests a review
of the literature to shed light on the link between these diseases.?223

Some authors propose a common neurobiological basis that
identifies the limbic system, a structure responsible for some
functions, including emotions and behavior, as a possible
explanation.??

An alternative theory suggests that tinnitus is related to
psychological disorders through a mediator: cortisol. The existence

Table 3. Univariate logistic regression.

Associated diseases

CPress

of glucocorticoid receptors in the ear has been demonstrated, along
with evidence that patients with tinnitus exhibit high levels of
cortisol.?3

In addition, drug interactions have unknown effects and may
increase tinnitus, a drug-use counseling and a list of ototoxic drugs
should be performed.

The ability of these drugs to influence the ion transport system
and the ion channels and so influencing the ear and kidney ionic
homeostasis could be a predicting factor for possible
pharmaceutical-related ototoxicity.2*

One of the objectives of our study was to verify the possible
correlation between tinnitus and the chronic intake of some drugs.
From our results only, proton pump inhibitors and levothyroxine
showed a statistically significant correlation with the presence of
chronic tinnitus.

The scientific literature concerning these associations is quite
poor and contrasting and surely needs further investigations.

In a recent study, contrary to our results, it was supposed a
possible favorable effect of PPI on inner ear disorders and tinnitus.
The mechanisms supposed to act as protective factors are: i) the
regulatory effect on inner ear homeostasis through the action of PPI
on the gastric type of proton pump of the inner ear; ii) the influence
on the vasomotor activity enabling better peripheral perfusion and
oxygenation of the inner ear; iii) a possible anti-inflammatory
peripheral effect. Anyway, this study did not show any significant
result on this correlation.?

Contrariwise, a study on Gastroesophageal reflux disease
(GERD), PPI treatment and hearing loss, underlined that GERD
might be the cause of hearing loss. In fact, PPIs inhibit the
hydrogen/potassium adenosine triphosphate enzyme system of
gastric parietal cells, thereby inhibiting secretion of hydrogen ions
into the gastric lumen. This enzyme is also expressed in the lateral
wall of the cochlea and plays a critical role in the formation of the
endocochlear potential. Thus, inhibition of this enzyme by PPI
treatment could increase the risk of hearing loss. Anyway, from this
study the use of PPI was not associated with hearing loss after
accounting for GERD symptoms.26

Only an old study underlines the incidence of hearing
impairment: tinnitus and vertigo correlated with the severity of
hypothyroidism,?’ while scientific evidence on the possible role of
the levothyroxine on the genesis of tinnitus is missing.

Neurological disorders 6.12 0.02 1.33-28.08
Depression 7.39 0.001 2.95-18.49
Anxiety 3.29 0.001 1.9-5.77
TMJ disorders 2.64 0.001 1.5-4.63
Headache 2.61 0.001 1.48-4.59
Cardiovascular diseases 0.72 n.s 0.33-1.56
Hypertension 1.84 n.s 0.99-3.4
Diabetes 1.97 ns 0.76-5.12
Dysthyroidism 3.36 0.001 1.63-6.95
Drugs
Levothyroxine 2.98 0.008 1.32-6.33
Proton-pump inhibitors 2.91 0.021 1.17-7.23
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Conclusions

In this study, we tried to evaluate the audiological characteristics
in the subjects affected by chronic tinnitus in order to find a possible
correlation with the comorbidities and any drugs intake, that can
predict its progress. In our sample, men were more affected by
chronic tinnitus than women, DPOAEs were more affected on the
left side, and 60% of subjects had associated hearing loss. The side
most affected by tinnitus was the left side (36%), and the frequency
most affected was 6000 Hz (45%) showing a significance for the
left side p=0.021 correlating with the intensity, with an average of
41.3 dB. The duration of tinnitus was >6 months in 107 patients
(82.3%). The most represented type of tinnitus was the whistle type
in 39 patients (30%). In our group of patients with tinnitus, based
on the total THI score, we found light, mild, moderate and severe
preponderances with only 6 patients with a catastrophic degree.

We found that statistically significant comorbidities were: the
presence of anxiety and depression, TMJ disorders, dysthyroidism,
headache, levothyroxine and PPI intake.

Furthermore, our study had some limitations. First of all, in
considering the comorbidities, the time of occurrence and the
severity of the pathologies were not evaluated, nor was the dosage
of the drugs taken by patients or the duration of the administrations
assessed. Therefore, we believe that our observations have only an
epidemiological relevance to be explored with further studies. For
instance, the high prevalence of tinnitus, anxiety and depression
suggests a review of the literature to shed light on the link between
these diseases.

The mechanism of action of PPI could also intervene in the
absorption mechanisms of other potentially ototoxic drugs, for
example cardioaspirin, and therefore requires further investigation.
Moreover, in considering the association between tinnitus and
levothyroxine intake, the pathogenic mechanism could be related
both to the underlying pathology and to the effect on the basal
metabolism of the molecule and therefore also on the ionic pumps.
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