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A B S T R A C T

Background: Tinnitus is the perception of sound when no external sound source is present. In some cases, this
perception coincides with, or results in, stress. Tinnitus-related distress has been associated with increased levels
of cortisol and elevated levels of sympathetic tone. Our primary hypothesis was that short-term sound exposure
would reduce tinnitus perception and various physiological measures of stress. A secondary hypothesis was that
a self-selected nature sound would reduce physiological markers of stress more than broadband noise.
Methods: Twenty-one participants with constant bothersome tinnitus underwent an audiological assessment.
Measurements of blood pressure, heart rate, salivary cortisol and cortisone concentrations, and tinnitus ratings
were carried out three times: prior to and, in a counterbalance order, after 30 min of broadband noise and after
30 min of a self-selected nature sound (from: ocean waves, stream, rain or shower sounds).
Results: Findings revealed significant reductions in blood pressure measurements following broadband noise.
None of the other stress measures demonstrated a statistically significant change. Both broadband noise and
nature sounds elicited significant improvements in ratings of tinnitus.
Conclusions: While both sound types had a positive impact on many dimensions of tinnitus, only the broadband
noise was associated with a reduction in blood pressure. These results are consistent with a complex interaction
between sound and tinnitus and suggest a multifactorial basis to sound therapy that includes a reduction in
arousal.

1. Introduction

Stress can be defined as the sum of physiological or biochemical
‘responses’ elicited by any stimulus that poses a risk to an organism’s
homeostasis.1 Distress occurs when stress is severe and prolonged, re-
sulting in disequilibrium.2 Tinnitus is the perception of sound in the
absence of a sound source. Tinnitus and stress have been linked.3,4 The
emphasis of research in this area has been on the effects of stress on the
onset, maintenance and progression from tinnitus to distressing tin-
nitus.5 Significant and strong correlations have been found between
stress-related mood disorders, e.g. anxiety and depression and tinnitus.6

Constant and unrelenting exposure to tinnitus may also result in stress.4

But the direction of the relationship between stress and tinnitus has not
been explored extensively.

Although the mechanisms generating tinnitus are uncertain, tinnitus
usually begins following auditory pathology and establishment of
neural networks creating the dysfunctional perception.50 For the

majority of the population tinnitus is just the experience of a sound
sensation, it does not significantly disrupt quality of life. For a minority
it is associated with handicap and reduced function.7,8 Notably, the
psychoacoustic characteristics of tinnitus (loudness and pitch) are often
very similar in these two sub-populations9 and little correlation has
been found between tinnitus loudness and tinnitus-related distress.10

Tinnitus lies in a continuum between barely noticeable to preventing
daily activities.11 Previous experience and emotional state have pro-
found impacts on arousal, recognition and attentiveness.7,12,13 Stress is
also a possible candidate affecting the perception of tinnitus.3 Ac-
cording to Lazarus’s transactional appraisal approach, psychological
stress occurs when an individual makes a subjective judgement (ap-
praisal) that internal or external demands exceed their available re-
sources and ability to cope with the stressor.14 From this perspective,
tinnitus may act as a psychological stressor that exceeds one’s coping
skills. One important determinant of a stressor is its uncontrollability.15

Uncontrollability may lead to further stress, learned helplessness and
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adopting maladaptive coping strategies that are unlikely to facilitate
adaptation to tinnitus.13 Tinnitus sufferers report exacerbation and
heightened loudness during stressful periods51 and there is an increased
prevalence of depression and anxiety disorders with tinnitus.52 It has
been reported that when present concurrently, psychological disorders
and tinnitus tend to exacerbate one another.5 Tinnitus onset may be
associated with a stressful situation.16 The context of a traumatic event
is likely to heighten the tinnitus experience feeding into a vicious cycle
of perception and stress.17

Sound is used by audiologists to complement counselling or cogni-
tion behavioural therapy in a number of ways; these various approaches
are known as “sound therapy”.18 However the benefits of sound and
mechanisms of sound therapy are not universally accepted.19 Tinnitus
may be affected by sound secondary to its effect on stress. Physiological
mechanisms underlying stress and tinnitus interaction are likely to be
multifaceted and complex.4 Non-auditory systems, especially the limbic
system, make important contributions to tinnitus in many tinnitus
models12 and a key role has been attributed to the amygdala for med-
iating tinnitus and stress.20 The amygdala is responsible for the emo-
tional interpretation of sensory stimulation and for controlling the
physiologic output systems such as the autonomic nervous system.53

Temporary suppression of tinnitus following transient inactivation of
the amygdala further supports this hypothesis.21 Involvement of emo-
tion-related areas has also been identified with synchronised alpha
activity, using continuous scalp recordings, from areas such as the
subcallosal anterior cingulate cortex, the insula and the amygdala of
patients with serious tinnitus-related distress.22

Standardised questionnaires have often been used in clinical prac-
tice to probe the relationship between subjective stress and tinnitus
severity. For example, in a study by Gomaa et al.23 using the Depression
Anxiety and Stress Scale,54 most individuals with tinnitus (75%) re-
ported stress levels changing from mild-to-moderate to severe-to-ex-
treme, compared to no stress reported by individuals without tinnitus.
In another study, Zirke et al.6 used the Perceived Stress Questionnaire55

to analyse the subjective impairment and prevalence of psychological
comorbidity in the chronic tinnitus population. Their results revealed
that those patients with the most annoying tinnitus were more fre-
quently accompanied by neurotic, stress related and somatoform dis-
orders significantly higher than those who were only annoyed in quiet
situations and when under stress.6 Further, a retrospective study
showed significantly higher scores using self-reported questionnaires in
the lives of patients with sudden hearing loss and tinnitus compared to
a control group.24 This study also found that depression and poor well-
being at the onset of tinnitus were strong predictors of tinnitus se-
verity.24

Under physiological conditions, a reduced sympathetic tonus is
consistent with typical cardiovascular symptoms at the periphery,
such as lower heart rate and reduced blood pressure.25 It is for this
reason that both parameters were hypothesized to change following
sound exposure in this study. Few studies have used blood pressure
as a marker of autonomic nervous system reactivity in tinnitus pa-
tients, Değirmenci et al.26 reported significantly lower mean heart
rate in tinnitus compared to controls, using 24 -h ambulatory blood
pressure monitoring.56 reported a lower increase in heart rate in a
tinnitus group compared to controls to a mental arithmetic stress task
and suggested that their result indicated an attenuated stress re-
sponse and maladaptive autonomic nervous system reactivity in
tinnitus patients.56 Manufacturing noise has been linked to increased
systolic blood pressure27 and strong associations have been found
between long term aircraft noise exposure and risk of hypertension
(sustained blood pressure elevation).28 Long term exposure to per-
sistent stressors can cause hypertension.29 Although listed among the
risk factors for hypertension,30 how stress causes sustained blood
pressure elevation over time is not well understood. Suggested me-
chanisms are: 1) repeated activation of the sympathetic nervous
system, 2) impaired cardiovascular recovery following stressful

events and 3) failure to habituate to repeated stressful stimulus, or
some combination of these factors.31

Measurements of stress hormone levels in the tinnitus population
have also been performed in order to discover a physical correlate to
tinnitus. Upon appraisal of a stressor, sensory information is modulated
by the limbic system and conveyed to the hypothalamus.57 The neu-
rosecretory cells in the hypothalamus release corticotropin-releasing
factor (CRF) into the hypothalamic-hypophyseal portal circulation
system.32 The CRF promotes the secretion of adrenocorticotropic hor-
mone (ACTH) from the pituitary gland which in turn stimulates the
adrenal cortex to release the mineralocorticoid hormone aldosterone,
and glucocorticoid hormones, cortisol and cortisone, to the circula-
tion.57,58 Since the preliminary work by Shannon and Prigmore,33

salivary cortisol has become increasingly popular for the determination
of the condition of the adrenocortical system because it has been shown
that salivary cortisol reliably reflects free plasma cortisol levels.34,59

Hébert et al.3 studied the levels of stress hormones in a tinnitus popu-
lation and found that individuals with high tinnitus-related distress had
higher cortisol levels than both a low tinnitus-related distress group and
controls, indicating arousal of the hypothalamic-pituitary-adrenal axis
in distressing tinnitus.3 The hypothalamic-pituitary-adrenal axis was
found to be activated to a lesser degree and at a later stage, in tinnitus
patients than those of the controls in a more recent study.35 This dif-
ference is most likely reflects the existence of two separate feedback
loops: 1) controlling the basal cortisol secretion for maintenance of
physiologic activities and 2) regulating acute stress stimulated cortisol
response.36 Another possible explanation may be the difference in
duration of tinnitus in two studies, as it was longer in the acute stress
exposure study (14.7 years on average)35 than in the basal cortisol
study (7.2 years on average).3 The hypothalamic-pituitary-adrenal axis
could be exhausted after prolonged elevation of basal cortisol levels in
the acute stress group.37 In support of this hypothesis, when a low-dose
dexamethasone suppression test was used to examine if there was hy-
pothalamic-pituitary-adrenal axis dysregulation, an almost complete
cortisol suppression was observed.38 Such suppression is indicative of
chronic exhaustion of the hypothalamic-pituitary-adrenal axis in the
tinnitus population.38 Another study that aimed to probe the diagnostic
and clinical values of several stress hormones found significantly higher
levels of norepinephrine and 5-hydroxyindoleacetic acid (a serotonin
metabolite) in a tinnitus group compared to non-tinnitus controls, but
the levels of cortisol did not differ between the groups.39 Kim and co-
workers only took one cortisol sample per individual, which may have
been insufficient considering the diurnal secretion pattern of cortisol36

and no exclusion criteria for disorders or medications that can interfere
with hypothalamic-pituitary-adrenal axis were mentioned. However,60

also failed to show any significant correlations between several bio-
chemical measures of stress (various immunological markers, adreno-
corticotropic hormone, cortisol and urinary catecholamines) and psy-
chological distress.

It is generally accepted that there is both the tinnitus sound and
reaction to this sound.40 The reaction to tinnitus may create stress or be
modified by stress. In this study we evaluated the effects of common
sounds used to complement counselling in tinnitus therapy in an at-
tempt to ascertain whether one of one mode of action of action might be
via stress reduction pathway. We hypothesized that: 1. Sound will re-
duce tinnitus perception and various physiological measures of stress
(heart rate, blood pressure, salivary cortisol and cortisone concentra-
tions). 2. A preferred nature sound would reduce physiological markers
of stress more than broadband noise.

2. Methods

This study was approved by The University of Auckland Human
Participants Ethics Committee.
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2.1. Participants

A total of 21 participants (12 males and 9 females) with bothersome
tinnitus were recruited through the University of Auckland Hearing and
Tinnitus Clinic. A power analysis calculation was undertaken to de-
termine the sample size for an ANOVA with 3 repeated measures. For
an effect size of 0.7 (moderate-large) an alpha of 0.05 and power 0.8 a
sample size of 21.2 was calculated (http://psychstat.org/rmanova).

The age of the participants ranged from 22 to 69 years with a mean
age of 47.2 years (SD = 13.7). Participants were required to meet the
following criteria: Not having physical sickness on the day of testing.
Not taking steroid-based medications (e.g. corticosteroids or had steroid
injections). Not taking medications to reduce high blood pressure (e.g.
beta-blockers). Not having any endocrine disease (e.g., diabetes, un-
controlled hypo-or hypertension, lupus). Not having jet lag or having
undergone surgery in the past six months. Non-smoking. Body Mass
Index (BMI) of 29 or less. Additional to these criteria, participants were
asked to have a light lunch around 12 pm and all assessments were
conducted at 2 pm, in order to avoid the fluctuations that occur in
cortisol levels after food intake. Participants were also instructed to
avoid food, coffee and caffeinated beverages or fruit juices after 1 pm
and during the appointment. They were notified about the potential
effects of caffeinated drinks on heart rate and blood pressure and the
importance of following this schedule for obtaining meaningful results.

2.2. Procedure

2.2.1. Audiometry
Pure-tone audiometry was performed in a sound-treated room (ISO

8253–1:2010) using a Grason-Stadler 61 (GSI-61) audiometer. The
modified Hughson-Westlake method41 was used for obtaining hearing
thresholds of participants. Pure-tone audiometry was performed from
250 Hz to 8 kHz. Pure-tones were presented via either ER-3A insert
earphones or TDH50 supra-aural headphones for air conduction testing
and Radioear B-71 for bone conduction testing. Tympanometry was
performed using a Grason Stadler GSI Tympstar using a 226 Hz probe
tone.

2.2.2. Questionnaires
Participants completed the Tinnitus Functional Index (TFI)61 and

the Hospital Anxiety and Depression Scale (HADS)62 as baseline mea-
sures of tinnitus and psychological wellbeing. Rating scales of the how
great a problem the tinnitus was (1–5) and loudness, comfort, annoy-
ance, ability to ignore and comfort (1–10) were completed at three
separate times. The first ratings were obtained before the first half of
the sound therapy session, as a baseline measurement, the second and
third ratings were completed following presentations of a broadband
noise and a nature sound (counterbalanced) (Fig. 1).

2.2.3. Sounds
The nature sounds (self-selected from rain, ocean, stream, shower or

ocean waves [www.tinnitustunes.com]) and broadband noise were

used for two 30-minute listening sessions.
The participants were randomly separated into two groups. Half of

the participants were asked to listen to one of the nature sounds first
and the other half listened to the broadband noise first. The loudness of
sounds was adjusted according to participants preference and their
comfort. Sounds were presented using a pair of Bragi Dash earbuds. The
Dash earbuds were controlled by manufacturer’s app downloaded to the
researcher’s Android mobile phone. The sound tracks were uploaded to
the Android device and streamed to the Dash via Bluetooth. All parti-
cipants were instructed on how to make volume adjustments to set the
volume of the sounds at a comfortable level.

2.2.4. Blood pressure and heart rate measurements
Participants were seated on a comfortable chair and rested for at

least 10 min prior to initial measurements. Blood pressure was mea-
sured on the left arm using a commercially available digital sphygmo-
manometer (Omron Heartsure Blood Pressure Monitor BP100) and
expressed in terms of systolic blood pressure over diastolic blood
pressure. Participants were instructed to remain seated during the
whole session to prevent fluctuations in blood pressure due to postural
changes.42 Heart rate was measured using the palpitation method by
counting the pulse on the left radial artery for 1 min using a stopwatch.
Both measurements were obtained three times: prior to, after broad-
band noise and after the nature sound.

2.2.5. Saliva collection: salivary cortisol and cortisone assays
Saliva sampling was also performed: prior to, after broadband

noise and after the nature sound. The samples were obtained via
passive drooling technique as described by Granger et al..43 In order
to stimulate saliva flow, participants were asked to imagine they
were chewing their favourite food and then to slowly force the saliva
into a transparent plastic test tube. The procedure continued until
the level of saliva was well above the 1 mL mark on the test tube to
ensure sufficient amount of sample was collected for cortisol assay.
Saliva samples were collected and stored in 5.0 mL polypropylene
micro-centrifuge tubes with locking caps (Interlab Ltd., Wellington,
New Zealand). The samples were frozen immediately at −20 °C. All
samples were transferred frozen to the research laboratory. Saliva
analysis was performed at the Liggins Institute of the University of
Auckland. Salivary cortisol assays were performed by liquid chro-
matography and tandem mass spectrometry (LCeMS/MS) as de-
scribed in detail by McKinlay et al..63

2.3. Data and statistical analysis

All data was recorded in Microsoft Excel 2016 and analysed using
repeated measures analysis of variance (ANOVA) with IBM Statistical
Package for the Social Sciences (SPSS) Version 23 software. The data
was normally distributed.

3. Results

3.1. Audiometry

The mean pure tone audiometric thresholds from 250 Hz to 8000 Hz
showed a slight high frequency hearing loss slightly worst in the left ear
(Fig. 2).

3.2. Questionnaire outcomes

The TFI was measured at the beginning of the session. The average
TFI score was 33.1 ± 15.1, consistent with mild to moderate se-
verity.61 The mean HADS total score for the participant sample was
9.76 out of a possible 42 points. On average, this score suggested a low
level of emotional distress. The average score for the anxiety subscale
was 6.19 and for the depression subscale was 3.57. Both subscales

Fig. 1. Participant allocation. Participants were allocated to two groups, either
BBN or nature sounds first. Tinnitus ratings and physiological measures were
undertaken at each time.
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indicated a ‘normal’ level of anxiety and depression among the parti-
cipant sample.62

3.3. Effects of sound on tinnitus ratings

The sound stimuli were counterbalanced. A repeated measure of
ANOVA was applied. Mauchly's test of sphericity indicated that the
assumption of sphericity was met therefore, no adjustments were made
to the degrees of freedom for either the time or error effect. No effect of
presentation order was found for any of the measures obtained.
Improvements were found between the mean TSNS scores of baseline,
broadband noise and nature sounds, F (2, 40) = 14.47, p < 0. 0005
(Fig. 3). Both sounds had a similar effect on each of the rating scales.

3.4. Blood pressure and heart rate

Mauchly's test of sphericity indicated that the assumption of
sphericity was met therefore, no adjustments have been made to the
degrees of freedom for either the time or error effect. Sound therapy
elicited statistically significant effects on mean systolic blood pressure
measurements, F(2,40) = 7.490, p = .002 (Fig. 4A). Multiple paired-
samples t-tests with a Bonferroni adjustment for multiple comparisons
were run. There was a decrease in systolic blood pressure from baseline
(M= 124.8 ± 2.6 mm/Hg) to broadband noise (M= 117.61 ±
3.04 mm/Hg), a statistically significant mean reduction of 7.19 mm/Hg,

95% CI [2.77, 11.6], p = 0.001. A significant effect of intervention was
observed on diastolic blood pressure, F(2,40) = 6.72, p = 0.003. Mul-
tiple paired-samples t-tests with a Bonferroni adjustment revealed that
the mean decrease of 6.28 mm/Hg in diastolic blood pressure from
baseline (M 73.85 ± 1.98 mm/Hg) to broadband noise (M
67.57 ± 2.61 mm/Hg) was statistically significant, 95% CI [1.53,
11.03], p = 0.008 (Fig. 4B). A one-way repeated measures of variance
(ANOVA) was conducted to determine whether there was a statistically
significant difference in mean (M) heart rate for the different experi-
mental conditions. Non-statistically significant changes in heart rate
from baseline (M = 67.19 ± 2.5 bpm) to BBN (M = 64.38 ± 2.5
bpm) and to nature sounds (M = 64.9 ± 2.8 bpm) were obtained.

3.5. Cortisol and cortisone concentrations

Changes in cortisol and cortisone concentrations were not statisti-
cally significant (Fig. 5). Variation between participants was high.
Salivary cortisol concentrations decreased from baseline
(M= 1.04 ± 0.1321 nmol/L) to BBN (M = 0.9981 ± 0.2236 nmol/L)
and increased to nature sound condition (M= 1.0976 ± 0.2416 nmol/
L). Cortisone concentrations decreased from Baseline
(M= 6.75 ± 0.58 nmol/L) with BBN (M = 6.30 ± 0.69 nmol/L) and
the nature sound (M= 6.47 ± 0.8 nmol/L).

Fig. 2. Mean hearing thresholds ± SEM of the study participants (o right, x left; n = 21).

Fig. 3. Summary of participants’ mean tinnitus ratings baseline and following both sound stimuli error bars are ± SEM. Overall problem scale 1–5 al l others.1–10.
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4. Discussion

In this study we were able to demonstrate that sound reduced one
objective measure of stress, blood pressure, in a group of tinnitus suf-
ferers. The effect was achieved without counselling. The result lends
support to the belief that appropriate sound use is complementary to
counselling.18

A baseline measurement of the stress markers of interest was un-
dertaken and this was repeated for two sound conditions (broadband
noise and nature sounds). The stress markers used were heart rate,
blood pressure and the concentrations of cortisol and cortisone in
saliva. Rating scales were also administered to examine the changes in
subjective tinnitus ratings and to compare physiological findings with
self-perceived dimensions of tinnitus. It was hypothesized that in
comparison to baseline ratings, sound would elicit reductions in the
participants’ subjective ratings of tinnitus perception. This hypothesis
was supported as both sounds reduced ratings of tinnitus. It was hy-
pothesized that the sound would decrease elevated levels of arousal,
that in turn would reduce activation of sympathetic nervous system
measured by reductions in blood pressure, heart rate and salivary
cortisol and cortisone concentrations. The only statistically significant
change in stress measures was in blood pressure and in response to
broadband noise. The other measures showed similar patterns of
change but appeared less sensitive to the effect of sound. Compared to
baseline measurements, significant reductions were observed in both
systolic and diastolic blood pressure immediately after broadband
noise. It has been suggested that broadband noise may achieve its effect
through a presence of sound pathway, its fairly constant temporal
structure and wide frequency content resulting in it being an effective
masker.64 Nature sounds also would elicit some reduction in the audi-
bility of tinnitus, however these sounds are also thought to have an

emotional benefit, and may also act on a context pathway in which
attention is captured by the temporal fluctuations in the sound.64 In a
meta-analysis, stress management treatments,44 meditation45 and re-
laxing music65 have been found to be effective in lowering blood
pressure. An explanation for the absence of stress related effects of the
nature sounds in our study is that nature sounds may have engaged
attention away from tinnitus but in doing so may also have raised
limbic system activity. Masking of tinnitus with broadband noise may
have eliminated its perception, removing it as a stressor.66

We found no differences in heart rate, cortisone or cortisol across
conditions. A reduction in the sympathetic tone has been shown after
suppression of tinnitus.67 Since the heart is innervated by both divisions
of the autonomic nervous system,68 it was hypothesized that sound
therapy would reduce activation of the sympathetic nervous system,
increase parasympathetic tone and subsequently decrease heart rate.
No significant change between repeated measurements of heart rate
was observed. It is theoretically possible that following the presentation
of both sound stimuli, the decreases in blood pressure might have
caused a compensatory baroreflex gain for heart rate that would
otherwise decreased.46 Another possible explanation could be simply
that exposure to sound did not evoke a strong enough parasympathetic
response to reduce heart rate. Our participants had low scores on the
HADS questionnaire. The average TFI was 33.1, consistent with mild to
moderate tinnitus distress.61 No behavioural measure of stress was used
to quantify how stressed participants were. If participants with higher
levels of anxiety and tinnitus-related severity were included, more in-
formative data may have been obtained on the mode of effect of sound,
because stress is believed to be one of the major determinants of arousal
and attentiveness to tinnitus. We chose to use the HADS and TFI as
intake questionnaires as they are regularly used in audiology-based
tinnitus clinics and in the case of the TFI have been validated in our
clinic population.47 Alternative measures to have used at baseline
would have been a questionnaire of stress or the Tinnitus Primary

Fig. 4. A. Systolic blood pressure measurements. B. Diastolic blood pressure
(n = 21) at baseline, broadband noise and nature sound conditions error bars
are ± SEM.

Fig. 5. The mean salivary A. cortisol and B. cortisone concentrations ± SEM
(n = 21) at baseline, broadband noise and nature sound conditions.
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Function Questionnaire (TPFQ,48). In the case of the TPFQ the thoughts
and emotions subscales might have provided insight into aspects of
tinnitus related stress.48

No significant change in salivary cortisol and cortisone concentra-
tions was observed between the measurements at baseline and im-
mediately after broadband noise and nature sound. It was assumed that
salivary cortisol and cortisone concentrations would be good indicators
of the short-term sound exposure because cortisol has been used as an
objective measure of tinnitus-related distress previously3 showed that
high tinnitus-related distress was characterized by chronically elevated
levels of salivary cortisol compared to non-tinnitus controls. However
in a low tinnitus-related distress group basal cortisol levels were not
elevated.3 Therefore, in our study, the non-significant salivary bio-
marker results could be due to relatively lower tinnitus severity of the
sample population. Our result partially supports past observations made
by Monzani et al.9 in which a decrease in tinnitus perception was not
always related to a reduction in the perceived severity of the tinnitus.
The levels of salivary cortisol and cortisone were not affected by the
temporary reduction in tinnitus. Chronic tinnitus distress has been as-
sociated with delayed and blunted cortisol response, which was thought
to occur because of a dysregulation of the hypothalamic-pituitary-
adrenal, axis due to chronic stress.35 The underlying physiological
mechanism of this dysregulation is still being investigated. Current
evidence suggests that prolonged high levels of cortisol down-regulate
the glucocorticoid receptors in the hypothalamus and pituitary gland,
to which cortisol levels fail to decrease despite alleviation of stress.69

It is possible that the effects seen would differ in another sample.
The sample was recruited from our clinic population. A general popu-
lation sample might have different levels of stress or responds to sound
in a different way. Our sample had better hearing than many clients of
our clinic.49 This is probably due to the average age of the sample being
relatively young (47 years); this in turn being a consequence of our
exclusion criteria regarding blood pressure, medication etc. The
younger sample would reflect the reduced likelihood of presbycusis.

5. Conclusion

This study investigated the effects of sound on tinnitus ratings,
blood pressure, heart rate, salivary cortisol and cortisone concentra-
tions in individuals with bothersome tinnitus. No counselling was
provided. Subjective changes in tinnitus perception were found with
both broadband noise and nature sounds. Significant reductions in
blood pressure measurements were observed following broadband
noise. None of the other stress measures demonstrated a statistically
significant change. These results are consistent with a complex inter-
action between sound and tinnitus and suggest a multifactorial basis to
the effects of sound on tinnitus.
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