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bstract

Clinical observations suggest that tinnitus is modulated by stress. However, there is little empirical data to support the link between stress and
innitus. In this study, we measured the stress hormone cortisol to examine the reactivity of the hypothalamic-pituitary-adrenal (HPA) axis in tinnitus
articipants as well as in healthy controls without tinnitus. Eighteen participants with tinnitus and 18 controls without tinnitus were exposed to the
rier Social Stress Task and cortisol sampling and subjective ratings were obtained at regular intervals. Tinnitus participants displayed a blunted
ortisol response to psychosocial stress, in comparison with healthy controls who had a typical cortisol release about 30 min after the beginning of

he experiment. The blunted cortisol response displayed by the tinnitus participants suggests that they have an anomaly along the HPA axis. Their
ortisol response is similar to that found in other bodily stress-related diseases and thus suggests that tinnitus is related to stress. However, tinnitus
ntensity might not be modulated by stress in a concurrent manner.

2006 Elsevier Ireland Ltd. All rights reserved.
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innitus is an illusory sound heard in the ears or head that is
xperienced by about 10.2% of the adult population, and the
roportion of affected individual rises after 50 years of age [7].

small proportion of these individuals experiences important
sychological distress. There is now compelling evidence that
innitus would be sustained by central structures. Recently, sev-
ral mechanisms involving brain plasticity have been proposed
9], but, as of yet, there is no effective cure for this disorder.

Tinnitus has been compared to chronic pain because these
wo subjective sensations share many characteristics [10,31].

oth are permanent sensations that fluctuate over time. More

pecifically, the severity of tinnitus is reported by sufferers to be
xacerbated by stress (e.g., [22,34,38]). In Ménière’s disease and

Abbreviations: BDI-II, Beck depression Inventory; HPA, hypothalamic-
ituitary-adrenal; PTA, Standard pure tone average for frequencies 500, 1000,
000 Hz; S.D., standard deviation; TRQ, Tinnitus Reaction Questionnaire;
SST, Trier Social Stress Test; �g/dl, micrograms per decilitre
∗ Corresponding author at: École d’orthophonie et d’audiologie, Faculté de
édecine, Université de Montréal, C.P. 6128, succ. Centre-ville, Montréal H3C

J7, Canada. Tel.: +1 514 340 3540x3235; fax: +1 514 340 3548.
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ultiple sclerosis, for instance, there is support that exacerbation
f symptoms is preceded by episodes of stress [1] or is linked
ith higher levels of stress hormones [26,39], although there

re controversies regarding which symptoms are associated with
tress [3] and the timeline between stress and exacerbation of
ymptoms [30].

Despite theoretical suggestions of a link between tinnitus and
tress [2,25], this notion has received little empirical support.
ne study [37] reported that inpatients with sudden hearing loss

nd tinnitus had a higher number and greater stressfulness of
vents relative to a clinical Control group. Indirect support also
ndicates that subjective anxiety, perceived stress and tinnitus
isturbance, as well as TNF-�, a stress-related immunological
arameter, decreased in patients with tinnitus after a relaxation
rogram [40]. These studies suggest, along with clinical obser-
ations, that stress levels may modulate tinnitus strength.

Recent psychoendocrine research has disclosed the important
ole of cortisol as a stress marker [5]. Cortisol secretion may be

easured on a diurnal basis (e.g., basal) or in acute stressful sit-

ations (e.g., reactional). In a previous study [18], we measured
asal cortisol in patients with tinnitus and in controls without
innitus. Saliva samples were collected several times during a

mailto:sylvie.hebert@umontreal.ca
dx.doi.org/10.1016/j.neulet.2006.10.028
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iven week. Circadian levels did not differ across groups when
ortisol was averaged across days of the week, so all groups dis-
layed “normal” levels. However, a greater number of patients
ith tinnitus had chronically elevated cortisol levels over a 1-
eek period relative to controls, that is, had a greater number
f samples above the median, suggesting chronically elevated
asal cortisol levels over a 1-week period. They also had greater
ntolerance to external sounds.

These results suggest a dysregulated hypothalamo-pituitary-
drenal axis (or HPA axis, ultimately responsible for cortisol
ecretion) in tinnitus participants, plausibly related to a state of
hronic stress. Although this finding does not tell if stress is
cause or a predisposing factor for tinnitus, it provides some

upport on the relationship between stress and tinnitus. How-
ver, a stronger test of the integrity of the HPA axis in tinnitus
atients involves exposing them to an acute stressful situa-
ion where a punctual release of cortisol is required. Moreover,
asal cortisol levels are not predictive of reactional levels. For
nstance, depressed patients with high basal levels have demon-
trated abnormal activity of the HPA following pharmacological
hallenges [13,24,41] and patients with atopic dermatitis have
ormal basal cortisol levels and hyporesponse to acute stress
6]. Therefore, it is difficult to make specific predictions. Given
ur previous study, higher basal levels could reflect an anomaly
n stress recovery, that is, there could be a normal response to
tress followed by levels that do not return to normal levels. On
he other hand, if tinnitus is like a chronic stressor, a possible
utcome is a shutdown of the HPA axis when faced with an exter-
al, acute stress. If this is the case, then this shutdown should be
videnced by a hyporesponse to stress in tinnitus participants.

In this study, tinnitus participants and controls without tinni-
us were exposed to a classic psychosocial laboratory stress task
the Trier Social Stress Test). We measured cortisol response as
ell as subjective feelings of stress and tinnitus strength (tinni-

us participants) at several time intervals up to 1 h post-stress to
easure both responsiveness to stress and recovery. TSST is one

f the most robust tasks to elicit cortisol secretion in the labora-
ory [8]. We predict that if tinnitus is a stress-related pathology,
berrant cortisol patterns should be found in tinnitus participants
s a group, irrespective of their tinnitus-related distress.

Eighteen adults with tinnitus (8 women, 10 men) and 18

dults without tinnitus (10 women, 8 men) participated in the
tudy (see Table 1). They were recruited by posted ads in news-
apers, via self-help groups, or had participated in our previous
tudies. All women were post-menopausal. The two groups were

able 1
ocio-demographic and tinnitus characteristics of the groups

Tinnitus (n = 18) Controls (n = 18)

ge in years (S.D.) 68.8 (5.7) 68.9 (5.5)
ducation in years (S.D.) 13.49 (4.40) 14.9 (3.1)

innitus duration in years
Mean (S.D.) 14.67 –
Range (1.5–35)
Score on the Tinnitus Reaction
Questionnaire (S.D.)

20.2 (17.7) –

0
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atched in age and education, and therefore groups did not dif-
er on these factors (p = .22 for education and p = .93 for age).

earing a hearing aid or a masker, or having been operated in
he ears, were exclusion criteria.

Tinnitus was subjective and continuous in all cases, and
ad been present for at least six months (mean duration = 14.7
ears ± 10.6). It was perceived bilaterally or mostly bilaterally
more intense in one ear than the other) in 14 cases, and was
nilateral in 3 cases. One participant had unilateral tinnitus plus
n intermittent tinnitus on the other side. Participants described
heir tinnitus percept as ringing (i.e., high-pitch, n = 13), buzzing
i.e., low-pitch, n = 2), or both (n = 3).

Inclusion criteria for all participants were stringent: All were
n good health, and none had a medical condition or took medi-
ation that could interfere with the functioning of the HPA axis.
one had neurological disease or a recent history of psychiatric
isease, nor any dependence to alcohol or to any other drugs.
ll participants were non-smokers. Participants who took anti-
epressant drugs were not included. None of the women were
aking hormone replacement therapy.

Hearing loss was assessed by an audiogram using insert
hones (Interacoustics AC40, ANSI S3.6 norms, 1989). Pure
one averages (PTA) were calculated for standard frequencies
00–1000–2000 Hz and for high frequencies 4000 and 8000 Hz
HF). There were no overall differences between left and right
ars or between men and women (all ps < 1), so data were col-
apsed across ears and gender. As expected, Tinnitus participants
ad higher thresholds than Controls (32.64 versus 18.61, p < .05
or PTAs, and 56.94 versus 40.83, p < .05 for HF).

Behavioral data were obtained with questionnaires that had
ood psychometric properties. Sensitivity to external sounds was
ssessed with the Hyperacusis questionnaire [27]. Depressive
ymptomatology (BDI-II, [4]) and alexithymia, i.e., inability to
dentify one’s emotions [29] were also assessed (Table 2).

Salivary samples were taken with Salivettes (Starsteadt) and
tored at −80 ◦C. All 216 salivary samples were recoded for
lind cortisol analyzes before they were sent to the Douglas
ospital center in Montreal. Cortisol levels were determined
y specific radioimmunoassay using a commercial kit from
SL (DSL-2000; Sanofi Diagnostics, Montreal, Canada). The

nter-assay coefficient of variation was 7.5% (on a range of
.8–1.2 �g/dl dose).
Participants were tested individually either at noon or at 3:30
.m. in a counter-balanced order with the standard Trier Social
tress Test (or TSST, [28]). The protocol consists of a 10-min
nticipation and preparation phase followed by a 10-min free

able 2
uestionnaire data for the two groups

Tinnitus (n = 18) Controls (n = 18)

yperacusis Total score 19.89 (8.55) 11.56 (8.4)
Attentional subscale score 4.44 (3.0) 3.33 (2.79)
Social subscale score 8.83 (3.90) 3.78 (3.66)
Emotional subscale score 6.61 (2.83) 4.44 (2.90)

DI-II score 9.17 (6.6) 4.9 (4.6)
lexithymia score 66.2 (13.0) 62.89 (14.81)
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peech and mental arithmetic task in front of a (sham) audience.
he experimenter for this test, unknown to the participants, was
lind to which group the participant belonged to. Six salivary
ortisol samples were taken at regular intervals.

At each of the six intervals, participants rated their subjec-
ive stress levels on a Likert-type 10-point scale (0 = no stress,
0 = unbearable stress). In addition, tinnitus participants rated
heir tinnitus subjective strength on a similar scale (0 = no tinni-
us, 10 = unbearable tinnitus). The entire procedure took about
.5 h.

The study was approved by the Institutional ethics committee
f the Institut universitaire de gériatrie de Montréal and was
onducted with the consent of each participant.

Preliminary analyzes examined the influence of Time of
esting (noon or 3:30 p.m.) on the data (F < 1). Mean raw
ortisol levels (in �g/dl), subjective stress levels, and tinnitus
ntensity levels (Tinnitus group) were considered in indepen-
ent ANOVAs with GROUP (Tinnitus versus Controls) as the
etween-subjects factor and Time (T0, T + 10, T + 20, T + 30,
+ 40, T + 60) as the within-subjects factor. ANOVAs and cor-

elational analyses were also performed on questionnaire data.
he SPSS package (version 11.0) was used.

There was a significant Group × Time interaction, F (5,
70) = 5.92, p < .001. In line with previous published reports on
he TSST, the Control group displayed a significant increase in
ortisol 20 min after exposure to the TSST (T + 30) and cortisol
evels rapidly declined to baseline values at +40 and +60 min.
n contrast, the Tinnitus group did not display this increase of
ortisol 20 min after exposure to TSST. This was supported
y a significant group difference in cortisol levels at +30 min
nly, F (1, 34) = 11.2, p < .003, with the Control group showing
ncreased cortisol levels when compared to the Tinnitus group.
NCOVAs were conducted with hearing loss (mean PTAs and
igh frequency hearing loss) as covariates on T + 30. The differ-

nce between groups was still significant, F (1, 33) = 6.0, p < .03

PTAs) and F (1, 33) = 8.33, p < .01 (HF). When BDI-II scores
ere put as a covariate on T + 30, the difference between groups
as also still significant, F (1, 33) = 9.43, p < .001 (Fig. 1).

Fig. 1. Mean raw cortisol levels for the two groups in the TSST.
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An additional ANOVA was performed on Tinnitus group
ata to verify whether the rise at Time +40 reflected a genuine
although delayed) increase in cortisol levels. The effect of Time
as significant, F (5, 115) = 2.95, p < .02. Post hoc comparisons

evealed that the difference between T0 and +40 was indeed sig-
ificant at p < .05, but the other time points were not different
rom +40. Taken together, these results show that the Tinnitus
roup presented a delayed and blunted cortisol response to the
sychosocial stressor.

On subjective Stress ratings, the Group and Time interaction
as not significant (F < 1), nor was the main effect of group, F

1, 34) = 1.24, p = .27. There was, however, a significant main
ffect of Time, F (5, 170) = 22.47, p < .001. Post hoc compar-
sons revealed that ratings at +20 (mean rating = 4.56) were
igher than at T0, +10, +30, +40, and +60 (means were 2.22,
.12, 2.68, 2.11, and 1.83, respectively). Mean ratings at +10
ere also significantly different from ratings at both T0 and +20

p < .05). For the Tinnitus group, there was no effect of Time on
innitus intensity ratings (F < 1).

On the Hyperacusis questionnaire, the Tinnitus group had
cores close to the strong auditory sensitivity criterion of 28
stablished by Khalfa. The two groups differed on their total
core, F (1, 36) = 8.69, p < .007, with means of 19.89 ± 8.54
nd 11.6, ±8.4, respectively. The groups differed on the Social
ubscale, F (1, 36) = 16.11, p < .001 (means = 8.83 ± 3.90 and
.78, ±3.66), but not on the Emotional subscale (with adjusted
), F (1, 36) = 5.15, p < .04 (means = 6.61 ± 2.83 and 4.44,
2.90), or on the Attentional subscale, F (1, 36) = 1.33, p = .26

means = 4.44 ± 3.0 and 3.33, ±2.79). When the covariate PTAs
as added, the only significant difference remaining between
roups was the Social subscale, F (1, 33) = 7.10, p < .012.
roups also differed on BDI-II scores, F (1, 36) = 5.16, p < .03

means = 9.17 ± 6.56 and 4.89 ± 4.56), but not on alexithymia,
< 1.
Significant correlations were found between BDI-II and

yperacusis Total scores, r (35) = .52, p < .001, Emotional sub-
cale, r (35) = .49, p < .002 and Social subscale, r (35) = .52,
< .001. In the Tinnitus group, an additional significant corre-

ation was found between TRQ and BDI-II scores, r (17) = .67,
< .003.

Our study provides the first direct physiological evidence that
ndividuals with tinnitus present a blunted cortisol response to
n acute stress. Despite subjective feelings of stress that were
ynchronized with, and were as important as those reported by
ontrols, tinnitus participants showed a delayed and blunted
esponsiveness of their endocrine system to psychosocial
tress.

This blunted response to stress was not related to depres-
ion, at least not to its major form, since tinnitus participants
ere within the “nondepressed” range, and that the group dif-

erence remained significant after factoring out BDI-II scores.
dditionally, major depression is related to a hyperactivity of

he HPA axis [35]. However, tinnitus is usually correlated with

igher depression and anxiety scores (e.g., [16,23]) and subclini-
al depressive symptoms may also explain their sleep complaints
17]. Since TRQ scores were here correlated with BDI-II scores,
he possibility that subclinical depression is a co-morbidity that
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ould be either a predisposing factor, a consequence of tinni-
us, or share the same underlying cause, cannot be excluded.
evertheless, the blunted response to stress found here charac-

erizes a diminished glucocorticoid efficacy in tinnitus patients
imilar to the one that has been reported for a proportion of
atients with stress-related disorders such as chronic fatigue
yndrome, chronic pelvic pain, and fibromyalgia to name a few
see [12,14,15,19,20,36]). A triad of enhanced stress sensitiv-
ty, pain, and fatigue characterizes these disorders. Typically,
ne of these three symptoms is emphasized, and these disor-
ers could share common mechanisms and development [11].
iven the findings of the present study, tinnitus appears to be
stress-related disorder. Also, tinnitus was previously found to
e associated with greater sensitivity to sounds [18], a finding
e replicated here with an independent group of participants.
earing loss was responsible for this difference except for the
ocial subscale, which seems to be specifically attributable to

innitus. Individuals with tinnitus tend to avoid noisy social situa-
ions, and this could contribute to their higher depression scores.
ogether, these symptoms can be related to increased stress sen-
itivity in individuals with tinnitus.

Our previous study on basal cortisol levels revealed an
nomaly by showing chronically elevated basal cortisol levels.
t is not uncommon to find that the basal and reactivity cortisol
re seemingly conflicting, i.e., that basal levels seem to reflect
n overactivity of the HPA axis and the reactional level seem to
eflect an underactivity of the axis. The present findings, how-
ver, are much more robust than the subtle basal effects. Given
he fact that tinnitus duration differed significantly between our
wo studies (5.5 versus 14.7 years), it is possible that the hypore-
ctive HPA axis might have developed after prolonged period
f stress, together with a hyperactivity of the axis and excessive
lucocorticoid release, as has been proposed by Hellhammer
nd Wade [21]. A combination of basal and reactional cortisol
easurements within the same group of younger participants

hould be conducted to overcome the limitations of the present
tudy and to shed light on this question.

Another important aspect is that our study did not provide
upport for the idea that tinnitus intensity was concurrent with
ubjective stress level. It is possible that a Likert-type scale was
ot sensitive enough a measure to capture subtle variations in
innitus intensity, or that tinnitus intensity did not vary in the time
indow of the study. Another possibility is that psychosocial

tress is not the appropriate condition to induce such intensity
hanges.

There are several mechanisms that might be responsible for
his alteration in the stress response of the Tinnitus group. For
xample, it could be due to a reduced release of the appropri-
te hormone or releasing factor at any level of the HPA axis,
hypersecretion of one hormone/factor with subsequent down-

egulation of the receptors, or inhibition of the HPA axis through
nhanced negative feedback sensitivity. It is also possible that
his is due to a more central mechanism involving the non-

lassical auditory pathways [32] or other brain structures such
s the amygdala. A recent study [33], using voxel-based mor-
hometry documented structural changes in the brains of tinnitus
articipants. Increases in the gray matter were found at the thala-

[
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ic level, an important auditory relay. Additionally, gray matter
ecreases were found in the subcallosal region, including the
ucleus accumbens. Interestingly, this region plays a central role
n the reward circuit and in the stress response, and receives its
nput from the amygdala. The amygdala could therefore be a
ey structure in the perception or maintenance of tinnitus and of
ts bodily consequences such as the one shown here.

Future studies focusing on pharmacological challenge of the
PA axis in tinnitus participants and controls will be able to

ncrease knowledge on the specific mechanisms involved in the
ase of tinnitus, and enable the development of new pharmaco-
ogical treatments.
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