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Abstract

Background: Hearing loss is often associated with the phantom sound of tinnitus. However, the degree
of the association between severity of hearing loss and tinnitus loudness taking into account the impact of
other variables (e.g., emotional disturbances) is not fully understood. This is an important question for
audiologists who are specialized in tinnitus rehabilitation as patients often ask whether the loudness of
their tinnitus will increase if their hearing gets worse.

Purpose: To explore the relationship between tinnitus loudness and pure tone hearing thresholds.
Research Design: This was a retrospective cross-sectional study.

Study Sample: 445 consecutive patients who attended a Tinnitus and Hyperacusis Therapy Specialist
Clinic in UK were included.

Data Collection and Analysis: The results of audiological tests and self-report questionnaires were
gathered retrospectively from the records of the patients. Multiple-regression analysis was used to as-
sess the relationship between tinnitus loudness, hearing loss and other variables.

Results: The regression model showed a significant relationship between the pure tone average (PTA)
atthe frequencies 0.25, 0.5, 1, 2, and 4 kHz of the better ear and the tinnitus loudness as measured via
visual analogue scale (VAS), r (regression coefficient) = 0.022 (p < 0.001). Other variables signif-
icantly associated with tinnitus loudness were tinnitus annoyance (r = 0.49, p < 0.001) and the effect
of tinnitus on life (r = 0.09, p = 0.006). The regression model explained 52% of the variance of tinnitus
loudness.

Conclusions: Although increased tinnitus loudness was associated with worse PTA, the relationship
was very weak. Tinnitus annoyance and impact of tinnitus on life were more strongly correlated with
tinnitus loudness than PTA.

Key Words: hyperacusis, psychological assessment, pure-tone hearing thresholds, tinnitus loudness,
uncomfortable loudness levels
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INTRODUCTION

earing loss is often associated with the phan-
H tom sound of tinnitus and hyperacusis. Hyper-

acusis is defined as intolerance of certain
everyday sounds that causes significant distress and
impairment in social, occupational, recreational, and
other day-to-day activities (Aazh et al, 2016). For pa-
tients with hyperacusis, sounds are often perceived
as uncomfortably loud, unpleasant, frightening, or
painful (Tyler et al, 2014). Most patients who experi-
ence tinnitus also have some form of hearing loss but
not all patients with hearing loss have tinnitus (Tyler
and Baker, 1983; Nicolas-Puel et al, 2002; Mazurek
et al, 2010). The strong relationship between tinnitus
and hearing impairment probably explains why, in
the United Kingdom, 82% of tinnitus patients are re-
ferred to audiology departments (Gander et al, 2011).
To complicate matters, some people with clinically nor-
mal hearing have tinnitus (Aazh et al, 2011), suggesting
that hearing loss per se may not be a requirement for
induction of tinnitus.

Based on the clinical experience of the first author, a
common concern expressed by patients is that although
they can cope with the current level of their tinnitus,
one of their fears is that if their hearing worsens it
may lead to an increase in tinnitus loudness that they
would not be able to cope with. Audiologists typically
reassure patients by explaining that there is no direct
relationship between severity of hearing loss and tinni-
tus loudness. There are many people with clinically nor-
mal hearing who experience very loud tinnitus and
others with very severe hearing loss, but no tinnitus.
A compelling counter argument is people with acute
hearing impairments such as an impacted wax, ear in-
fections, acute noise exposure, or those wearing hearing
protection experience an increase in tinnitus loudness.
Consistent with this view is the observation that ear
plugging leads to decreased loudness tolerance (Formby
et al, 2003). Therefore, it is reasonable to assume that
hearing loss severity is related to tinnitus loudness, an
interpretation that is consistent with some central
gain models of tinnitus and hyperacusis (Eggermont
and Roberts, 2004; Auerbach et al, 2014; Chen et al,
2015a).

Interestingly, the subjective estimate of hearing loss
is associated with tinnitus loudness (Hiller and Goebel,
2006). Hiller and Goebel (2006) reported that the odds
ratio of people rating their tinnitus as louder than all
external noises instead of rating their tinnitus as just
audible in silence increases by a factor of 4.55 (95% con-
fidence interval [CI]: 3.51-5.91) for people with hearing
loss. However, they did not assess whether the sever-
ity of hearing loss predicts the loudness of tinnitus.
Savastano (2008) reported that mean values of tinnitus
loudness measured via loudness matching was 15 dB HLL
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(standard deviation [SD] = 14.3 dB) for people with clin-
ically normal hearing (i.e., pure-tone average [PTA]
threshold at 0.5, 1, 2, 4, and 8 kHz of <20 dB HL) and
28 dB (SD = 16) for people with hearing impairment
(p = 0.032). They did not report the mean hearing
thresholds among patients that were categorized into
hearing loss and normal-hearing groups. Mazurek
et al (2010) also reported a significant correlation
between mean PTA threshold at 0.5, 1, 2, 4, and 8 kHz
and tinnitus loudness as measured with loudness
matching (regression coefficient [r] = 0.67, p < 0.0001).
Gudwani et al (2013) likewise reported a significant
correlation between tinnitus loudness as measured via
loudness matching and average hearing thresholds at
0.5, 1, and 2 kHz. However, none of these studies exam-
ined whether the relationship between hearing loss
and tinnitus loudness was associated with other vari-
ables known to influence tinnitus perception such as
emotional states (Probst et al, 2016). Regression mod-
els can examine the degree of association between
hearing loss and tinnitus loudness taking into account
the impact of other variables (e.g., annoyance, anxiety)
included in the regression analysis (Kutner et al,
2004). More inclusive regression models can identify
the strength of the relationship between hearing loss
and tinnitus loudness while taking into account other
variables.

Given the ambiguities in the literature and the clin-
ical significance of tinnitus, the aim of this study was to
explore the relationship between tinnitus loudness and
pure-tone hearing thresholds while taking into account
the effect of other factors among patients with tinnitus
and hyperacusis seen in a National Health Service au-
diology clinic.

METHODS
Study Design and Patients

This was a retrospective cross-sectional study con-
ducted at the Tinnitus and Hyperacusis Therapy Spe-
cialist Clinic (THTSC), Royal Surrey County Hospital,
Guildford, United Kingdom. The data included in this
study were obtained from 445 consecutive patients
who attended the THTSC from 2013 to 2016, for whom
audiological and self-report questionnaires had been
measured. In this study, 85% of the patients had been
seen by an Ear, Nose, and Throat specialist and 100%
had been seen by their general practitioner before
being referred to the THTSC. The average age of the
patients was 54.4 years (SD = 15 years, ages = 14—
95 years). Forty-nine percent (216/445) of the patients
were male.

Demographic data for the patients and the outcomes
of their assessment were imported from records held
at the audiology department. At THTSC, before any
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intervention, all patients undergo an assessment,
which comprises the following:

e Taking a case history

¢ Ear examination using an otoscope

¢ Pure-tone audiometry

e Measurement of uncomfortable loudness levels (ULLs)

e A wide range of self-report questionnaires. These
are described in more detail in the following para-
graphs.

Audiological Investigations

¢ Pure-tone audiograms were measured using the pro-
cedure recommended by the British Society of Audiol-
ogy (BSA, 2011a). The severity of hearing loss was
categorized based on the PTA threshold at 0.25, 0.5,
1, 2, and 4 kHz as recommended by BSA (2011a): mild
(20-40 dB HL), moderate (41-70 dB HL), severe (71—
95 dB HL), and profound (>95 dB HL).

¢ ULLs were measured following the BSA-recommended
procedure (BSA, 2011b). Hyperacusis was considered
as present when the average ULL at 0.25, 0.5, 1, 2, 4,
and 8 kHz for the ear with the lower average ULL
(across-frequency average ULL for the ear with the
lower ULL [ULLmin]) was =77 dB HL (Aazh and
Moore, 2017). The criterion for severe hyperacusis
was a ULL of =30 dB HL for at least one of the mea-
sured frequencies: 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz
for at least one ear (Aazh and Moore, 2018).

Questionnaires

Visual analog scale (VAS; Maxwell, 1978) scores
ranged from 0 to 10. The VAS score for loudness of tinni-
tus (hereafter tinnitus loudness) was assessed by asking
the patient to rate the loudness of tinnitus during their
waking hours over the last month. The patient was
instructed that zero corresponds to no tinnitus being
heard and ten is the loudest sound that they could imag-
ine. The VAS score for annoyance induced by the tinnitus
(hereafter tinnitus annoyance) was assessed by asking
the patient to rate their subjective perception of annoy-
ance on average during the last month (zero corresponds
to no annoyance and ten is the most annoying thing imag-
ined). The VAS score for the impact of tinnitus on their
life (hereafter tinnitus life impact) was assessed by ask-
ing the patient to rate the effect of tinnitus on their life
during the last month (zero corresponds to no effect and
ten was the most extreme effect). VAS has shown to be a
reliable and valid method of assessing tinnitus severity in
patients with chronic tinnitus (Adamchic et al, 2012).

The tinnitus handicap inventory (THI; Newman et al,
1996), has 25 items, and handicap response choices are
“no” (0 points), “sometimes” (2 points), and “yes” (4 points).
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The overall score ranges from 0 to 100. Scores from 0 to 16
indicate no handicap, scores from 18 to 36 indicate mild
handicap, scores from 38 to 56 indicate moderate handi-
cap, and scores from 58 to 100 indicate severe handicap
(Newman et al, 1996).

The hyperacusis questionnaire (HQ; Khalfa et al, 2002)
comprises 14 items and the response choices are “no” (0
points), “yes, a little” (1 points), “yes, quite a lot” (2 points),
and “yes, a lot” (3 points). The overall score ranges from 0 to
42. Scores of 22 or more were taken as indicating the pres-
ence of hyperacusis handicap (Aazh and Moore, 2017).

Hospital anxiety and depression scale (HADS; Zigmond
and Snaith, 1983) consists of 14 items each rated from zero
to three according to the severity of difficulty experienced.
The anxiety (HADS-A) and depression (HADS-D) sub-
scale totals were calculated; total scores for each subscale
range from 0 to 21. Scores from 0 to 7 are classified as nor-
mal, scores from 8 to 10 are classified as borderline abnor-
mal, and scores from 11 to 21 are classified as abnormal
(Zigmond and Snaith, 1983).

Insomnia severity index (ISI; Bastien et al, 2001)
comprises seven items that assess the severity of sleep
difficulties and their effect on the patient’s life. Each
item is rated on a scale from 0 to 4 and the total score
ranges from 0 to 28. Scores from 0 to 7 indicate no clin-
ically significant insomnia, scores from 8 to 14 indicate
minimal insomnia, scores from 15 to 21 indicate moder-
ate insomnia, and scores from 22 to 28 indicate severe
insomnia (Bastien et al, 2001).

Ethical Approval

This study was approved by the South West—Cornwall
and Plymouth Research Ethics Committee and the
Research and Development Department at the Royal
Surrey County Hospital.

Data Analysis

The data were anonymized before statistical analy-
sis. Descriptive statistics (means and SDs) for the char-
acteristics of the patients and scores for the self-report
questionnaires were calculated.

Two regression analyses were conducted. First, a lin-
ear regression model was created to examine whether
PTA of the better ear predicts the severity of tinnitus
loudness. Second, a stepwise linear multiple regression
model was created to predict the severity of tinnitus
loudness, beginning with a full model that included
all of the following variables: PTA of the better ear,
PTA of the worse ear, ULLmin, tinnitus annoyance, tin-
nitus life effect, THI, HQ, ISI, HADS-A, HADS-D, age,
and gender. Then, variables were removed to assess
whether their inclusion significantly affected the good-
ness of fit. Only variables that significantly predicted
tinnitus loudness remained in the final model.
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Table 1. Means and SDs of PTA Threshold at 0.25, 0.5, 1,
2, and 4 kHz of the Better and Worse Ears, Average
Uncomfortable Loudness levels (ULLs) at 0.25,0.5, 1, 2, 4,
and 8 kHz for the Ear with the Lower Average ULL
(ULLmin), Scores on the THI, HQ, Visual Analog Scale
(VAS) of Tinnitus Loudness, Annoyance and Effect on
Life, HADS, and ISI (n = 445)

Questionnaire Mean SD
PTA of the better ear (dB HL) 17.2 11.1
PTA of the worse ear (dB HL) 25 33.3
ULLmin (dB HL) 82 15
VAS (Tinnitus loudness) 6 2
VAS (Tinnitus annoyance) 6 2.5
VAS (Effect of tinnitus on life) 5.1 2.8
THI 449 24
HQ 17.6 9
HADS (anxiety) 8.8 4.7
HADS (depression) 6 4.6
ISI 12.3 7.2

The p value required for statistical significance was
set at p < 0.05. The STATA program (version 13)
was used for statistical analyses.

RESULTS
Characteristics of the Study Population

The mean PTA at frequencies 0.25, 0.5, 1, 2, and 4 kHz
for the better and worse ears and the scores on the VAS,
THI, HQ, HADS, and ISI for the study population are
shown in Table 1. Based on the PTA for the better ear,
66% of patients (293/445) had no hearing loss, 29% (129/
445) had mild hearing loss, and 5% (23/445) had moder-
ate hearing loss. Based on the PTA for the worse ear,
49% of patients (217/445) had no hearing loss, 36.5%
(163/445) had mild hearing loss, 13% (58/445) had mod-
erate hearing loss, 0.6% (3/445) had severe hearing loss,
and 0.9% (4/445) had profound hearing loss.

ULL and Hyperacusis

Based on the values of ULLmin, 30% of patients (134/
445) had ULLs of =77 dB HL, which indicates hyperacu-
sis. Four percent of patients (18/445) were diagnosed with
severe hyperacusis as indicated by remarkably low ULLs
of =30 dB HL for at least one of the measured frequencies
in at least one ear. Based on scores for the HQ, 32% (141/
445) of patients experienced hyperacusis handicap.

Tinnitus

Based on scores for the THI, 12% of patients (52/445) had
no tinnitus handicap, 32% (141/445) had a mild tinnitus
handicap, 24% (105/445) had a moderate tinnitus handi-
cap, and 33% (147/445) had a severe tinnitus handicap.
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Insomnia

Based on scores for the ISI, 31% (138/445) of patients
did not have insomnia, 29.5% (131/445) had mild insom-
nia, 27.5% (122/445) had moderate insomnia, and 12%
(54/445) had severe insomnia.

Depression and Anxiety

For the depression subscale of the HADS, 67.5% (301/
445) of patients had normal scores, 14.5% (64/445) had
borderline abnormal scores, and 18% (80/445) had ab-
normal scores. For the anxiety subscale of the HADS,
41% (181/445) of patients had normal scores, 23%
(102/445) had borderline abnormal scores, and 36%
(162/445) had abnormal scores.

Relationship between Hearing Loss and
Tinnitus Loudness

The regression model showed a significant relation-
ship (¢ = 4.26; 1, 443 df; p < 0.001) between PTA of
the better ear and 0-10 tinnitus loudness score (The
slope of the linear fit was 0.036 r = 0.036, 95% CI =
0.019-0.052), which indicates a 1-dB increase in PTA
threshold is associated with a 0.036 increase in tinnitus
loudness. This relationship is very weak and the linear
model explains only 4% of the variance in tinnitus loud-
ness suggesting that factors other than severity of hear-
ing loss may contribute to self-report tinnitus loudness.

Hearing Loss and Other Predicting Factors for
Tinnitus Loudness

To determine the contribution of other factors in tin-
nitus loudness, we performed a stepwise linear regres-
sion analysis that, in addition to PTA threshold of the
better ear, included the PTA threshold of the worse ear,
ULLmin, tinnitus annoyance, tinnitus life effect, ISI,
THI, HQ, HADS-A, HADS-D, age, and gender in the lin-
ear regression model. Nine variables did not signifi-
cantly increase the proportion of variance predicted
by the regression model. These were the HADS depres-
sion score (p = 0.35), PTA thresholds for the worse ear
(p = 0.47), THI score (p = 0.31), HADS anxiety score
(p = 0.65), ULLmin (p = 0.79), HQ score (p = 0.58),

Table 2. Variables Included in the Final Version of the
Stepwise Linear Regression Model for Predicting VAS
Tinnitus Loudness Together with Regression Coefficients
(9, p Values, and 95% CI Values (n = 445)

r  p\Value 95% Cl

0.022 <0.001 0.01 0.034
<0.001 0.41 057
0.006 0.028 0.17

PTA of the better ear
VAS of tinnitus annoyance 0.48
VAS of effect of tinnitus on life 0.09
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ISI score (p = 0.8), age (p = 0.08), and gender (p =
0.05). The remaining three variables in the stepwise
linear regression model that increased the proportion of
variance accounted for by the model are shown in Table 2.
Tinnitus loudness was again significantly associated with
PTA threshold of the better ear (¢ = 3.16, p < 0.001, r =
0.022). However, tinnitus loudness was more strongly
correlated with tinnitus annoyance (¢ = 2.77, p <
0.0001, r = 0.49) and tinnitus life effect (¢ = 2.77, p <
0.006, r = 0.10) than PTA threshold of the better ear.
In this three-factor linear regression model, a 1-dB in-
crease in PTA threshold of the better ear increased
the tinnitus loudness score 0.022 units. The scores on tin-
nitus annoyance and tinnitus life effect had larger effects
on tinnitus loudness than PTA. An increase in 1 VAS
unit of tinnitus annoyance was correlated with an increase
of 0.49 VAS units of tinnitus loudness while an increase
of 1 VAS unit of tinnitus life effect was associated with
an increase of 0.1 VAS unit of tinnitus loudness. To-
gether, the inclusion of these three factors in the linear
regression model explained 52% of the variance in tin-
nitus loudness.

DISCUSSION
Hearing Loss and Tinnitus Loudness

Our regression analysis indicates that tinnitus loud-
ness was weakly associated with increased PTA thresh-
old in the better ear, which was statistically significant.
One hypothesis for this positive relationship is that co-
chlear hearing loss leads to an increase in spontaneous
activity in the central auditory system, one of the pro-
posed mechanisms for tinnitus (Mulders and Robertson,
2009; Kaltenbach, 2011; Henry et al, 2014). The increase
in spontaneous activity is assumed to be due to decrease
in inhibition in the central auditory system caused by co-
chlear damage (Eggermont and Roberts, 2004; Chen
et al, 2015a). Elevated spontaneous rates have been ob-
served in the central auditory pathway after noise- and
drug-induced hearing loss (Kaltenbach, 2006). The spon-
taneous rates start to increase one week posttrauma and
continue to increase reaching a plateau after a few
months (Kaltenbach, 2006; Mulders and Robertson,
2011). After noise exposure, spontaneous rates were el-
evated in the region of hearing loss; however, the in-
crease in spontaneous rates was not tightly correlated
with the amount of cochlear threshold shift or hair cell
loss (Mulders et al, 2011). These physiological studies
suggest that the magnitude of hearing loss may not ac-
curately predict tinnitus severity, consistent with our re-
sults showing that PTA thresholds in the better ear only
explained 4% of the variance in self-perceived tinnitus
loudness. It is unclear to us why the PTA in the better
ear is correlated with tinnitus loudness. One idea,
largely speculative, is that hearing loss asymmetry en-
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hances tinnitus loudness, but we are unaware of any em-
pirical studies that address this issue. Further work is
needed to test this hypothesis.

The weak correlation between PTA and tinnitus sever-
ity and imperfect correspondence between cochlear
threshold shifts and hair cell loss may be due to the fact
that threshold measures do not accurately capture some
forms of cochlear pathology that may trigger tinnitus. It
has been proposed that tinnitus might arise from damage
to inner hair cells and/or their afferent synapses; how-
ever, these forms of damage are not accurately re-
flected in the audiogram (Lobarinas et al, 2013; Kujawa
and Liberman, 2015; Liberman and Kujawa, 2017). This
may explain why some patients with little or no hearing
loss have tinnitus (Savastano, 2008; Savastano et al, 2009).

In its most general form, increased central gain is
hypothesized to reduce ULL and increase tinnitus loud-
ness (Eggermont and Roberts, 2004; Auerbach et al,
2014; Chen et al, 2015a). However, one of the more
well-developed central gain models by Zeng suggests
that the relationships of central gain to tinnitus, hyper-
acusis, and hearing loss are complex (Zeng, 2013). In
the Zeng model, tinnitus reduces the output dynamic
range for loudness by increasing the noise floor (i.e., in-
creased spontaneous activity). By contrast, hyperacusis
reduces the input dynamic range by steepening the
loudness growth function (nonlinear gain) and hearing
loss reduces the input dynamic range. In the Zeng
model, increased gain by itself (i.e., lower ULLs) does
not induce tinnitus (hyperacusis in the absence of tin-
nitus). Moreover, increased gain alone does not lead to
tinnitus (tinnitus in the absence of hyperacusis). One of
the main limitations to testing this model is that most
reports, including the present study, rely on loudness
data only gathered at the endpoints of the loudness
growth function, namely, tinnitus loudness at the low
end and ULL at the high end.

Neural Networks Mediating Tinnitus Annoyance
and Tinnitus Loudness

Tinnitus annoyance and loudness are complex emo-
tional and perceptual phenomena that likely involve
multiple regions of the central nervous system. Part
of this complexity may have been captured in our final
regression model, which included tinnitus annoyance
and tinnitus life effect, in addition to hearing threshold,
explained 52% of the variance in tinnitus loudness.
Others have suggested that tinnitus loudness is greatly
influenced by how much the patient is annoyed by their
tinnitus and its emotional impact on their lives (Tyler
and Baker, 1983; Tyler et al, 2015; Aazh et al, 2017).
Modern brain imaging techniques have allowed re-
searchers to monitor neural activity in regions of the
brain implicated in emotional processes. Phantom
sounds, such as real auditory and visual stimuli, can
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have emotional significance, which activate neural
networks in the brain that impart biological signifi-
cance to sensory experience (Anderson and Phelps,
2001; Vuilleumier and Schwartz, 2001; Schupp et al,
2003; Zeelenberg et al, 2006). The amygdala assigns
emotional significance to sensory experience; some of
these associations are learned (Goddard, 1964; Davis,
1992; LaBar et al, 1998). Some neural models assume
that tinnitus arises from abnormal neural synchrony
within the central nervous system. In tinnitus patients
with significant distress, synchronized alpha band elec-
troencephalogram activity was increased in emotional
areas of the brain such as anterior cingulate cortex,
insula, parahippocampus, and amygdala (Vanneste
et al, 2010). Other imaging studies of acute, drug-in-
duced tinnitus in animals have reported increased rest-
ing state activity in the amygdala and increased
functional connectivity between the auditory cortex
and amygdala (Chen et al, 2015a). Interestingly, trans-
cranial magnetic stimulation of the auditory cortex re-
duced tinnitus loudness but did not reduce tinnitus
distress (Claes et al, 2014), suggesting that the brain
region regulating tinnitus distress are distinct from
those involved in tinnitus loudness. Real and phantom
sounds that induce negative emotions, such as anxi-
ety, fear, and annoyance, are more likely to increase
an individual’s attention, consistent with functional
imaging studies linking tinnitus distress with atten-
tional networks (Schmidt et al, 2013; Husain and
Schmidt, 2014; Chen et al, 2015b)

Clinical Implications

Tinnitus patients often ask whether the loudness of
their tinnitus will increase if their hearing gets worse.
Our results suggest that tinnitus will likely get louder,
but not by very much. However, further longitudinal
studies in the same subjects are needed to test the hy-
pothesis that tinnitus will get louder as hearing loss in-
creases. Because hearing loss increases with age and
ototraumatic insults, patients should be advised to
avoid loud sounds to preserve their hearing. However,
prolonged daily use of hearing protection is not recom-
mended because it could increase the risk that the tin-
nitus patient might develop hyperacusis (Formby et al,
2003; Aazh and Allott, 2016). On the other hand, hear-
ing protection should be used when noise levels equal
or exceed noise safety regulations. Often patients with
tinnitus feel that they should protect their hearing to
avoid worsening their tinnitus. Hence, some use hearing
protection on a daily basis to prevent further hearing
loss. These safety-seeking behaviors are likely to contrib-
ute to tinnitus-related anxiety (Bennett-Levy et al, 2004;
McManus et al, 2012). Safety-seeking behaviors that re-
strict a patient’s life experience likely contribute to tinni-
tus annoyance making the tinnitus “sound” even louder.

Hearing Loss and Tinnitus Loudness/Aazh and Salvi

Although there is no cure for tinnitus, there are a wide
range of rehabilitative approaches that can minimize tin-
nitus annoyance and its impact on the patient’s life (Tyler
et al, 2015; Aazh et al, 2016). Patients who are less
annoyed by their tinnitus or who feel tinnitus does not
negatively affect their life have lower tinnitus loudness
ratings (Aazh et al, 2008; Aazh and Moore, 2016).

Study Limitation

As this was a cross-sectional study, the regression anal-
yses conducted here do not directly indicate a causal link
between tinnitus loudness and measured variables. In
addition, this study was limited to the information that
was gathered in day-to-day clinics. We did not include
psychoacoustic measures of tinnitus loudness (Hoare
et al, 2014). Future research should include psychoacous-
tic measures in addition to psychometric instruments.
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