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Abstract Tinnitus has been found to be modulated by

stress and is also closely related to the emotional state and

the limbic system. In the present study, we evaluated the

diagnostic and clinical values of several stress hormones in

a large number of tinnitus patients. This study included 344

patients with sensorineural tinnitus and 87 normal controls.

A questionnaire about tinnitus was administered to the

participants, and blood levels of norepinephrine (NE),

epinephrine (Epi), a metabolite of serotonin (5-hydrox-

yindoleacetic acid, 5-HIAA) and cortisol were compared

between groups. In results, the mean values of Beck’s

depression inventory (BDI), Brief Encounter Psychosocial

Instrument (BEPSI), NE, and 5-HIAA levels were higher in

the tinnitus group, although there was no statistical sig-

nificance. But, the proportion of participants with elevated

5-HIAA was significantly higher in the tinnitus group (21.8

vs. 8.0 %, P \ 0.05), and the 5-HIAA level significantly

correlated with the duration of tinnitus, NE and cortisol.

Elevated stress-related hormones, as well as hearing loss,

BDI, and BEPSI were the most related factors with tinnitus

in multiple regression test with age adjustment. However,

levels of stress-related hormones did not correlate with

subjective measures including BDI, BEPSI and severity of

tinnitus. In conclusion, blood stress hormones seemed to

have some diagnostic and clinical value in patients with

tinnitus, and serotonin is supposed to be the most important

hormone in tinnitus. Further studies about the values of

stress and stress hormones in tinnitus patients may lead to

new approaches regarding diagnosis and clinical manage-

ment of the disease.
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Introduction

Tinnitus is a ringing or buzzing sound in the ears or head,

which cannot be attributed to an external source. For an

estimated 5–15 % of the population, tinnitus can become

chronic and detrimental to the quality of life. The propor-

tion of affected individuals is increasing with the expand-

ing proportion of aged individuals [1]. Despite the high

prevalence of tinnitus, there is little consensus regarding its

neurophysiological etiology. Recently, several mechanisms

involving brain plasticity have been proposed and most

researchers agree that tinnitus can be linked to changes at

one or more points along the peripheral and central audi-

tory pathways [2–4].

The severity of tinnitus is reported by sufferers to be

exacerbated by stress [5]. Two major systems mediate most

components of the stress response [6]. The first is the

hypothalamic-pituitary-adrenal (HPA) pathway, which

stimulates the adrenal cortex to release glucocorticoids

such as cortisol and corticosterone into the blood [7]. The

second is the sympathetic-adrenomedullary system, which

influences the stress response by two different pathways

working in parallel. One pathway contains nerve endings

that trigger the release of epinephrine (Epi) from adrenal

medulla chromaffin cells into the bloodstream. The other

pathway comprises sympathetic nerve endings that supply

essentially every organ in the body with norepinephrine
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(NE) [8]. Under stress, the synthesis and release of sero-

tonin (5-hydroxytryptamine, 5-HT) also increases in vari-

ous brain areas, and activation of the HPA axis plays a role

in this process [9, 10]. 5-HT transmission is related to a

large variety of brain functions, forms a major modulatory

network within the sensory system, and controls filtering of

auditory information [11]; therefore, 5-HT dysfunction is

presumably involved in tinnitus development. In the pres-

ent study, we measured plasma levels of stress-related

hormones such as cortisol, Epi, NE, and metabolites of

serotonin (5-Hydroxyindoleacetic acid, 5-HIAA) in tinnitus

patients and evaluated their clinical significance.

Until now, there have been few reports exploring the

link between tinnitus and stress-related hormones despite

well-established theoretical suggestions [12, 13]. In Men-

iere’s disease and sudden deafness with tinnitus, there are

supports that exacerbation of symptoms is preceded by

episodes of stress, or is linked with higher levels of stress

hormones or are associated with higher number and greater

stressfulness of events [14, 15]. Recently, a study displayed

a reduced cortisol response to psychosocial stress of tin-

nitus sufferers, in comparison with healthy controls, and

the authors suggests an anomaly of the HPA axis in tinnitus

suffers [16]. These studies suggest that stress levels may

modulate tinnitus.

Other hormones related to sympathetic fibers have been

found to affect afferent activity in the cochlea. [17] Fol-

lowing the provocation of emotional stress in guinea pigs,

plasma catecholamines increased and there was a slight

elevation of the compound action potential (CAP) thresh-

old and a decrease in the input/output function [18]. Noise

exposure is known to be a stressor associated with

increased plasma NE in awake animals [19].

In relation to 5-HT, which is a major modulator of

sensory systems, it has been shown, in rats, that 5-HT

activation in sensory neurons increases with age, and sev-

eral authors have suggested that the perception of tinnitus

could be linked to 5-HT dysfunction at one or more levels

in the central nervous system [20].

Despite theoretical and experimental suggestions of a

link between tinnitus and stress hormones, there are very

few studies that measure stress hormones in tinnitus suf-

ferers. Clinically, we have previously observed signifi-

cantly elevated stress scores in tinnitus sufferers, as

compared to normal controls [21]. In this study, we eval-

uated the diagnostic and clinical values of several stress

hormones in a large number of tinnitus patients.

Materials and methods

A total of 344 participants with tinnitus were evaluated by

means of history, physical examination, audiological study,

and questionnaires between January 2010 and December

2010 (tinnitus group). All the patients in this group had

sensorineural tinnitus. Patients who had middle ear disease

or retrocochlear lesions were excluded. Healthy people

(n = 89) who did not have tinnitus were also included as a

control group.

In the tinnitus group, tinnitus questionnaires, including a

visual analog scale (VAS) of tinnitus annoyance, aware-

ness, loudness and effect on life and Tinnitus Handicap

Inventory (THI) suggested by Newman [22], were com-

pleted; an audiological evaluation with pure tone averages

(PTA) was conducted, and the results were averaged for

standard speech frequencies at 500–1,000–2,000 Hz. The

stress levels of the patients with tinnitus and control par-

ticipants were evaluated using the Korean version of the

Brief Encounter Psychosocial Instrument (K-BEPSI) [23],

which includes five items that are scored 1–5. Symptoms of

depression using Beck’s depression inventory (BDI) [24],

which was applied to Korean language, were also assessed

in both tinnitus and control participants. The stress hor-

mones that we measured in the blood were NE, Epi,

5-HIAA, and cortisol. Catecholamine 2F (NE and Epi)

levels were measured by a commercially available Bio Rad

PCAT Kit (CA, USA). 5-HIAA, a metabolite of 5-HT, was

determined by specific ELISA using a commercial kit from

Wakosil (Wakosil-II; Osaka, Japan). Cortisol was mea-

sured by specific radioimmunoassay using a kit from

Beckman Coulter (Cortisol RIA kit; Shizuoka, Japan).

Blood sampling was conducted between 9 and 11 a.m. and

our reference levels of these hormones are as follows: Epi

\120 pg/ml, NE between 100 and 410 pg/mL, 5-HIAA

beween 1.8 and 6.1 ng/mL, and cortisol (in the morning)

between 9.41 and 26.06 lg/dl. We compared clinical and

psychological features as well as stress hormone levels

between the tinnitus group and the normal controls. For

statistical and descriptive analysis, Student t tests, Chi-

square test, partial correlation test, and multiple logistic

regression tests were performed using an SAS program

(version9.3, Cary, NC, USA). This study was approved by

the institutional review board of Seoul St. Mary’s Hospital

(KC11RISI0252).

Results

The mean age of tinnitus sufferers was rather higher than

that of the control group (53.8 ± 14.2 vs. 49.5 ±

11.8 years; P \ 0.05). The male to female ratio ranged

from 167 to 177 in the tinnitus group and 33–54 in the

control group (P [ 0.05). Mean depression scores and

stress scores were slightly higher in the tinnitus group, but

there was no statistical significance. Levels of blood stress

hormones (NE, Epi, 5-HIAA, and cortisol) ranged widely
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with huge standard deviation. Although the mean blood

levels of NE and 5-HIAA were slightly elevated in the

tinnitus group, as compared to the control group, the dif-

ference was not statistically significant (P [ 0.05)

(Table 1).

For further evaluation of the association between tinni-

tus, NE, and 5-HIAA, we investigated the proportions of

participants with abnormally elevated NE or 5-HIAA in

both tinnitus and control groups. Abnormally elevated NE

or 5-HIAA was observed in 150/344 (43.6 %) of tinnitus

sufferers and was found to be significantly more common

among those with tinnitus than the controls (24/87, 27.6 %)

(P \ 0.05), and abnormally elevated 5-HIAA was also

more frequently observed in tinnitus sufferers (21.9 %)

than in control participants (8.1 %) (P \ 0.01) (Fig. 1).

However, the proportion of participants with abnormally

elevated NE was not significantly different between the

tinnitus (29.5 %) and control (22.9 %) groups, which

suggests that the higher proportion of abnormally elevated

NE or 5-HIAA for participants in the tinnitus group was

mostly due to their elevated 5-HIAA.

According to the above results, we postulated a grading

system according to elevated stress hormones: no elevation

as grade 0, elevation of NE as grade 1, elevation of

5-HIAA as grade 2 and, lastly, elevation of both NE and

5-HIAA as grade 3. We then compared these values with

clinical data of tinnitus sufferers and evaluated whether NE

and 5-HIAA are good clinical markers in them. As seen in

Fig. 2, participants with elevated NE and 5-HIAA seemed

to have a longer duration of tinnitus than participants with

normal stress hormone levels, although there was no sta-

tistical difference. Moreover, tinnitus sufferers with

abnormally elevated NE and 5-HIAA tended to have higher

tinnitus scores with regard to loudness, awareness,

annoyance and effect on daily life although there were no

significant differences between groups (Fig. 3). Multiple

regression tests with age adjustment (Table 2) showed that

hearing loss, BDI, BEPSI and elevated stress hormones

were the most related factors for tinnitus and, in this test,

we also used our postulated grades of abnormally elevated

stress hormones. Lastly, we conducted a partial correlation

test with age adjustment, because 5-HT levels could

increase with aging [25]. In Table 3, VAS scores, THI,

hearing level, BDI, and BEPSI were well correlated with

each other, but stress hormone levels did not correlate with

that, and 5-HIAA and cortisol were only correlated with the

duration of tinnitus. There were some correlations between

levels of stress-related hormones.

Table 1 Comparison of clinical, psychological characteristics and stress hormone levels between tinnitus suffers and control participants

Tinnitus (n = 344) Control (n = 87) P value

Age (years) 53.7 ± 14.2 49.5 ± 11.8 0.0109*, �

Sex (Male:Female) 167:177 33:54 0.0724�

Depression score (BDI) 14.0 ± 14.2 11.7 ± 11.4 0.0811�

Stress score (K-BEPSI) 10.3 ± 4.0 9.6 ± 3.6 0.147�

Norepinephrine (pg/ml) 350.3 ± 153.4 334.8 ± 160.1 0.419�

Epinephrine (pg/ml) 40.8 ± 34.6 44.2 ± 22.2 0.383�

5-HIAA (ng/ml) 5.9 ± 10.5 5.1 ± 3.6 0.460�

Cortisol (lg/dl) 8.5 ± 3.7 8.5 ± 4.0 0.976�

BDI Beck’s depression inventory, BEPSI Brief Encounter Psychosocial Instrument, HIAA Hydroxyindoleacetic acid

Mean standard ± deviation

* P value \0.05
� Student’s t test
� Chi-square test

Fig. 1 Proportion of individuals with elevated blood stress hormones

in the tinnitus group and control group. Abnormally elevated NE and

5-HIAA were observed in 150/344 (43.6 %) of tinnitus patients and

were found to be significantly more common in those with tinnitus

than in the control participants 24/87 (27.6 %) (P \ 0.05). Abnor-

mally elevated 5-HIAA was more frequently observed in the tinnitus

group (P \ 0.01)
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Discussion

The phantom sound of tinnitus is strongly associated with

emotional stress, anxiety and depression [26, 27]. In rela-

tion to stress, tinnitus is a chronic stressor that is similar to

other chronic diseases [28]. When tinnitus becomes

chronic, individuals catastrophize their coping resources

and begin to experience chronic negative emotions

accompanying the tinnitus. Recent research using scalp

electroencephalography and low-resolution electromag-

netic tomography in 27 adults with tinnitus revealed that

tinnitus related distress is associated with emotion-related

areas, such as the amygdala, nucleus accumbens-ventral

tegmental area, parahippocampal gyrus, and posterior

subcallosal anterior cingulate cortex [29]. In other studies

about stress and tinnitus, findings that some individuals

with tinnitus have evidence of activation of the dorsal

Fig. 2 Comparison of groups with regard to elevated stress hormones

and duration of tinnitus. Tinnitus patients with elevated norepineph-

rine and 5-HIAA seemed to have a longer duration of tinnitus than

participants with normal stress hormones, although the difference was

not statistically significant

Fig. 3 Comparison of groups with regard to elevated stress hormones and tinnitus severity scores. Participants who had abnormally elevated NE

and 5-HIAA showed slightly higher mean scores for loudness and awareness, though the difference was not statistically significant
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medial thalamus the neurons of which project directly to

the lateral nucleus of the amygdala was shown, and that

such abnormal activation of the extralemniscal auditory

pathways can explain stress-related signs in some indi-

viduals with tinnitus [30, 31].

In turn, stress may contribute to the development or

aggravation of tinnitus. A Swedish study including 9,756

participants showed that the participants with various

stressors, e.g., occupational, poorer self-rated health, long-

term illness, and poorer sleep quality had a higher preva-

lence of hearing problems including tinnitus [32].

Depression is also closely related to tinnitus as a stres-

sor. Prevalence rates of depressive disorders in tinnitus

patients range from 14 % up to 80 %, according to the type

of clinical interview (self-reporting or standardized clinical

interview) and operationalization criteria (DSM-IV vs.

ICD-10) [26]. Stress describes a transient aversive state,

interfering with a person’s ability to adequately adapt to

stressors; in contrast, depression is a rather constant emo-

tional state [27]. Joos et al. [27] recently revealed, using

standardized low-resolution brain electromagnetic tomog-

raphy, that stress and depression have distinct neural cir-

cuits in the brain. However, stress is an important factor in

depression, and stress-induced structural changes in brain

regions such as the hippocampus have clinical ramifica-

tions for disorders such as depression, post-traumatic stress

disorder and individual differences in the aging process

[33, 34]. In our study, there were notable associations

between BDI, BEPSI and the severity of tinnitus (Table 3),

and a multiple regression study also showed similar results

(Table 2).

Table 3 shows that hearing loss was well correlated with

the severity of tinnitus as well as BDI and BEPSI. And

poor hearing, of course, was also a most related factor for

tinnitus, as seen in Table 2. According to our study results,

hearing loss and tinnitus are closely related, as previously

known, and stress and depression are also closely associ-

ated with hearing loss and tinnitus. Interestingly, of the

four stress hormones measured in this study, 5-HIAA was

the most frequently elevated in the tinnitus group, as

compared to the control group.

Two consecutive studies [16, 35] have revealed

increased basal cortisol release and blunted cortisol in

response to social stress in tinnitus patients. However, they

later found that the blunted cortisol responses to stress are

much more robust than the subtle basal cortisol change.

Our results did not show any difference in basal cortisol

between tinnitus and control groups. Also, the basal cor-

tisol level did not correlate with the severity of tinnitus,

BDI, and BEPSI scores. According to our results, the basal

activity of the HPA axis in tinnitus patients does not seem

to be elevated above that of normal participants. For this

study, we removed bias due to circadian rhythm by

Table 2 Multiple regression test with age adjustment between clin-

ical factors and presence of tinnitus

Risk factors Point odds

ratio estimate

95 % wald

confidence

limits

P value

Age 1.012 0.991-1.034 0.255

Hearing loss 2.915 1.416-6.000 0.0037*

Depression score (BDI) 0.950 0.924-0.978 0.0004*

Stress score (K-BEPSI) 1.149 1.049-1.259 0.0029*

Elevated stress hormones 1.743 1.189-2.557 0.0045*

* P \ 0.05

Table 3 Partial correlation test between stress-related hormones and clinical factors in tinnitus suffers with age adjustment

Value Plasma levels BEPSI BDI Tinnitus questionnaires HL Duration
of
tinnitusE NE 5-HIAA Cortisol LD AW AN EFF THI

5-HIAA r 0.04 0.13 0.14 -0.06 -0.08 -0.04 0.04 -0.05 -0.04 -0.04 0.01 0.60

P 0.53 0.03* 0.02* 0.28 0.20 0.51 0.51 0.37 0.46 0.53 0.93 \0.01*

BEPSI r -0.09 -0.07 -0.06 -0.07 0.54 0.36 0.22 0.45 0.44 0.48 0.14 0.02

P 0.14 0.27 0.28 0.27 \0.01* \0.01* \0.01* \0.01* \0.01* \0.01* 0.02* 0.19

BDI r -0.08 0.03 -0.08 -0.03 0.54 0.25 0.04 0.27 0.26 0.41 0.15 -0.08

P 0.16 0.66 0.20 0.61 \0.01* \0.01* 0.46 \0.01* \0.01* \0.01* 0.01* 0.20

THI r -0.02 -0.06 -0.04 0.02 0.48 0.41 0.41 0.31 0.49 0.52 0.14 0.05

P 0.80 0.28 0.53 0.79 \0.01* \0.01* \0.01* \0.01* \0.01* \0.01* 0.02* 0.43

HL r -0.02 -0.02 0.01 -0.05 0.14 0.15 0.20 0.28 0.26 0.26 0.14 0.04

P 0.74 0.81 0.93 0.45 0.02* 0.01* \0.01* \0.01* \0.01* \0.01* 0.02* 0.47

E indicates epinephrine, NE norepinephrine, 5-HIAA 5-Hydroxyindoleacetic acid, BEPSI Brief Encounter Psychosocial Instrument, BDI indicates
Beck’s depression inventory, LD loudness, AW Awareness, AN annoyance, EFF effect on life, THI tinnitus handicap inventory

* P value \0.05
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randomly measuring the cortisol level of both groups in the

morning, and we thought comparing of mean plasma cor-

tisol level between both groups would be available.

Our study differed from other studies on this topic by the

relatively short duration of tinnitus of our participants,

33.8 ± 47.7 months, whereas that of a former study was

5.5 years [35]. Considering our results of good correlation

between plasma cortisol and 5-HIAA level and duration of

tinnitus, difference of duration of tinnitus in both studies

might be the cause of different result. Besides that, we also

think investigations of cortisol response to acute stress

could be more important to prove dysfunction of HPA axis

in tinnitus patients, than just measuring basal cortisol lev-

els. Further investigations are needed to confirm that.

In investigations of catecholamine release, the mean

level of plasma NE was slightly higher in the tinnitus

group, as compared to the control group, with no statistical

significance. We initially assumed that plasma NE or Epi

were good indicators for stress levels in tinnitus patients.

However, we found no statistically significant difference in

plasma NE or Epi levels between the tinnitus and control

groups. Variable stressful conditions in the control group

could partially explain this negative result. Even though

there was no difference between the two groups, we can

use abnormally elevated NE or Epi levels in the plasma of

the patients with tinnitus as an indicator of their stress, a

factor that should be taken into account during patient

counseling.

Serotonin (5-hydroxytryptamine, 5-HT) is a neuro-

transmitter that controls many brain functions. Since 5-HT

transmission forms a major modulatory network within

sensory systems and filters auditory information [11], 5-HT

dysfunction has been thought to contribute to tinnitus

development. Under stress, the synthesis and release of

5-HT also increases in various brain areas, and activation

of the HPA axis plays a role in this process [9, 10]. Our

study results showed higher proportions of participants

with abnormally elevated plasma 5-HIAA in the tinnitus

group than in the control group, and this could be explained

by increased turnover of 5-HT in the brain of tinnitus

sufferers. A recent study of Mitani et al. [34]. showed an

increased plasma 5-HIAA level in depressed patients. They

explained their results by increased 5-HT turnover in brain,

which resulted from a compensatory action to act as an

antidepressant and protect the patient against stress. We

can also assume that the increased 5-HT turnover in

patients with tinnitus shown in this study was a response to

the stress of tinnitus. Considering that tinnitus is a chronic

disabling condition, it is possible that the increased plasma

5-HIAA level is a representative blood indicator for

chronic stress due to tinnitus. Therefore, tinnitus patients

with an abnormally elevated 5-HIAA should focus on

treating their stress levels.

Lastly, as a weakness of our study, the results show a

large inter-individual variability in biological measure-

ments among tinnitus patients. Because our study involves

more than 300 participants, their heterogeneity in tinnitus

severity might effect on this variability. Further study

considering this may bring out more precise relation

between stress hormones and tinnitus.

Conclusion

We conducted this relatively large case-control study

including over three hundred participants with tinnitus, and

found that plasma 5-HIAA is more frequently elevated in

tinnitus sufferers, and that its levels are correlated to some

degree with the duration of tinnitus and elevation of other

stress hormones. Elevation of stress-related hormones, as

well as hearing loss, BDI, and BEPSI were the most related

factors with tinnitus in multiple regression tests. Subjective

measures about tinnitus, stress, and depression were well

correlated with each other, and also well correlated with

hearing level.

This study identified clinical and diagnostic value in

measuring stress-related hormones in tinnitus sufferers. We

believe that various plasma stress hormones could be used

to monitor the stress levels of tinnitus sufferers, and

5-HIAA seems to be the most valuable stress hormone for

this purpose.
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