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During the process of tinnitus diagnostics, various psychometric instruments are used to measure
tinnitus-related distress. The aim of present work was to explore whether candidates for biological
correlates of the tinnitus-related distress could be found in peripheral blood of patients and if so,
whether there was association between them and psychometric scores that reﬂect tinnitus-related
distress. The concentrations of interleukin-1b (IL1b), interleukin-6 (IL6), tumor necrosis factor-a
(TNFa) and a brain-derived neutrotrophic factor (BDNF) were measured in serum of 30 patients diagnosed with chronic tinnitus and tested for correlation with psychometric scores collected on the same
day. Spearman's correlation analyses detected signiﬁcant positive association between the concentrations of tumor necrosis factor a and tinnitus loudness, total perceived stress, tension and depression and
a negative association between tumor necrosis factor a and a psychometric score “joy”. Concentrations of
interleukin-1b correlated with the awareness grade of tinnitus. The correlation between visual analogue
scale (VAS) “loudness” and tumor necrosis factor a as well as between “joy” and tumor necrosis factor a
retained their signiﬁcance (p < 0.00167) after the application of Bonferroni correction for multiple
testing. Partial correlations removing the effects of age, hearing loss and the duration of tinnitus veriﬁed
the results obtained using Spearman correlation. We conclude that measuring the concentrations of
selected circulating cytokines could possibly become an additional objective element of tinnitus diagnostics in the future.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Tinnitus e a phantom sound heard only by the affected person e
is frequently a consequence of hearing loss (Mazurek et al., 2010),
activation of the somatosensory system (Shore, 2011) or both.
Tinnitus often accompanies various conditions that lead to hearing
loss such as noise-induced hearing loss, presbyacusis, ototoxicity, a
number of infectious diseases and autoimmune reactions, cardiovascular conditions, whiplash-associated disorders and many
others. In some persons, tinnitus-related activation of auditory

Abbreviations: ADS, general depression scale; BDNF, brain-derived neutrotrophic factor; CI, conﬁdence interval; HPA, hypothalamic-pituitary-adrenal; IL1 b,
interleukin 1 beta; IL6, interleukin 6; PSQ, perceived stress questionnaire; TNFa,
tumor necrosis factor alpha; TQ, tinnitus questionnaire; VAS, visual analogue scales
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cortex may trigger a signal to the limbic and vegetative networks
and cause so called “tinnitus-related distress” (Henry and Wilson,
1995; Seydel et al., 2013). Tinnitus-related distress is complex and
manifests itself by the auditory attention focused on tinnitus sound,
an increased irritability, insomnia, anxiety, depressive mood, difﬁculties with concentration (Tyler et al., 2014, 2007) and sometimes
somatic complains (Hiller and Goebel, 1992). All of them can be
measured with the use of psychometric instruments. Apart from
the psychometric instruments, which provide subjective measures,
no objective biological assessment of tinnitus-related distress is
routinely used at present.
Cytokines are soluble peptides, proteins or glycoproteins produced and secreted by a variety of cells. Cytokines play an essential
role in communication between cells, tissues and systems. They
were ﬁrst discovered as a part of the immune defense (Hanson
et al., 1982) but soon it became clear that other systems can produce and react to them (Benton, 1991). During the process of
inﬂammation, an array of so-called pro-inﬂammatory cytokines is
produced. The pro-inﬂammatory cytokines comprise interleukin 1
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beta (IL1b), interleukin 6 (IL6) and tumor necrosis factor alpha
(TNFa). In the recent years, changes in concentration of circulating
interleukin-1b, interleukin-6 and tumor necrosis factor a started to
be associated not only with inﬂammatory or infectious diseases but
also with the process of aging, exposure to stress and with some
neurological disorders (Zhang et al., 2013). In fact, particular proﬁles of circulating proinﬂammatory cytokines were proposed as
biomarkers for conditions such as post-traumatic stress disorder
(Andrews and Neises, 2012), chronic stress (Hansel et al., 2010;
Steptoe et al., 2007) or major depression (Bob et al., 2010). Under
physiological and pathological conditions, proinﬂammatory cytokines can not only act on the immune system, but also on the
nervous system, regulating synaptic strength and mediating synaptic plasticity (Eyre and Baune, 2012).
Brain-derived neurotrophic factor (BDNF) is also a secreted
protein and belongs to the neurotrophin family of growth factors.
Brain-derived neutrotrophic factor acts via speciﬁc receptors: TrkB
and p75 and supports the neurogenesis and survival of already
existing neurons plus it enhances the formation of synapses (Huang
and Reichardt, 2001). Interestingly, brain-derived neutrotrophic
factor is produced and present not only in the central nervous
system but also in the periphery (e.g. platelets), where it stimulates
growth of megakaryocytes via autocrine loop (Tamura et al., 2012).
Fluctuation of circulating brain-derived neutrotrophic factor has
been linked to neurodegenerative disorders and to mood disorders
like depression, eating disorders, modulation of memory and
cognitive functions (Pluchino et al., 2013). Furthermore, expression
of brain-derived neutrotrophic factor was demonstrated to be
modulated by cortisol released during stress exposure via
hypothalamus-pituitary-adrenal axis HPA-axis (Pluchino et al.,
2013), similarly to the expression of proinﬂammatory cytokines
(Feuerecker et al., 2013). Interestingly, recent work of Goto and
colleagues (Goto et al., 2012) pointed at possible diagnostic signiﬁcance of brain-derived neutrotrophic factor in tinnitus. Severity
of tinnitus has been demonstrated to correlate with the degree of
stress and depressive mood perceived by the patients (Hebert et al.,
2012; Savastano et al., 2007; Zirke et al., 2013). Thus, measuring
stress-related biomarkers could be of relevance for the diagnosis
and monitoring of tinnitus. In addition, our earlier work has
demonstrated that following tinnitus treatment, not only a reduction in tinnitus-related distress but also a decrease of the tumor
necrosis factor a concentration in blood (Weber et al., 2002).
The main aim of present work was to determine whether the
proﬁle and concentrations of circulating cytokines and neurokines
could reﬂect tinnitus-related distress in hope of providing objective
biological marker of tinnitus-related distress. We have evaluated
the concentrations of tumor necrosis factor a, interleukin-1b,
interleukin-6 and brain-derived neutrotrophic factor in the sera of
patients with chronic tinnitus. In addition, using four relevant
psychometric instruments, we have assessed tinnitus-induced
distress. Lastly, we have analyzed the association between the
concentration of circulating cytokines/brain-derived neutrotrophic
factor and the psychometric scores.
2. Materials and methods

unilateral tinnitus. The tinnitus was described as a pure tone (8
women and 9 men) or a narrow-band noise (6 women and 7 men).
The patients were between 18 and 67 years old (mean age 47
nie
re's disease, tumors of
years). The exclusion criteria included Me
the middle/inner ear, severe forms of diabetes or circulatory diseases. No pharmacological or non-pharmacological intervention
was used within four weeks prior to data collection.
2.2. Tinnitus parameters and hearing impairment
Tinnitus assessment included the determination of tinnitus
pitch and loudness (Table 1). Hearing was measured by pure tone
audiometry within the frequency range spanning between 0.25 and
8 kHz. The mean hearing loss was calculated separately for each ear
as a mean value of hearing loss in 0.5 kHz, 1 kHz, 2 kHz and 4 kHz.
Current WHO classiﬁcation was used to describe the severity of
hearing impairment. The individual superimposed and averaged
audiogram data are presented in Fig. 1A and B, respectively.
2.3. Blood collection and serum processing
To minimize possible inﬂuence of the circadian rhythm, venous
blood was collected between 7:30 and 8:30 AM. S-MONOVETTE
2.6 ml Z-GEL serum septum tubes (cat.# 04.1905.001, SARSTEDT,
Nümbrecht, Germany) were used for this purpose. The blood was
allowed to coagulate for 30 min at room temperature and was then
centrifuged in the collection tubes, strictly according to the manufacturer's directions. After this, 200 ml aliquots of sera were labeled
and frozen in aliquots at 80  C. Each aliquot was used only once.
All samples as well as the psychometric scores were coded and
patient's identity blinded.
2.4. Cytokines and brain-derived neutrotrophic factor
To measure the concentration of interleukin-1b, interleukin-6,
tumor necrosis factor a and brain-derived neutrotrophic factor in
serum, human Quantikine kits speciﬁc for interleukin-1b (cat.#
DLB50), interleukin-6 (cat.# D6050), tumor necrosis factor a (cat.#
DTA00C) and brain-derived neutrotrophic factor (cat.# DBD00)
were purchased from R and D Systems GmbH (Wiesbaden, Germany). All of the ELISA's were designed for the quantitative
determination of human cytokines in the culture supernatant,
serum and plasma, and were commercially optimized by detailed
quality control procedures. The commercially tested minimum
detectable doses reﬂecting assay's sensitivities are listed in Table 2.
Kits speciﬁcations provided by the quality control department of
manufacturer:
Interleukin-1b (cat.# DLB50): the minimum detectable dose of
interleukin-1b ELISA was less than 1 pg/ml; all samples from control individuals measured less than the lowest IL-1b standard,
3.9 pg/ml.
Interleukin-6 (cat.# D6050): the minimum detectable dose of
interleukin-6 was less than 0.70 pg/ml; 40 samples from apparently
healthy volunteers were evaluated for the presence of human IL-6;

2.1. Patients
Thirty patients (14 women and 16 men) who were admitted to
 University Hospital between
the Tinnitus Center at the Charite
October 2007 and June 2008 were included in this study after
signing written consent. The study was approved by a local Ethics
Committee. The mean duration of tinnitus was 5 years, ranging
from 9 months to 28 years. Twenty four patients (12 women and 12
men) had bilateral tinnitus and six patients (2 women, 4 men) had

Table 1
Mean tinnitus pitch and loudness measured on the left and right ear.
Parameter

Side

Mean ± standard deviation

Frequency kHz
Frequency kHz
Loudness dB SL
Loudness dB SL

Left
Right
Left
Right

5.0
5.4
3.3
4.8

±
±
±
±

2.2
2.14
4.5
5.3
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Fig. 1. Panel A. Composite superimposed audiogram data representing each patient included in the study separate for right and left side. Panel B. Average audiogram data. The error
bars represent standard deviation.

33 in this assay measured less than the lowest standard, (3.13 pg/
ml). Seven samples measured between 3.13 and 12.50 pg/ml.
Tumor necrosis factor a (cat.# DTA00C): mean minimum
detectable dose was 1.6 pg/ml; all samples from 40 control individuals measured less than the lowest standard, 15.60 pg/ml.
Brain-derived neutrotrophic factor (cat.# DBD00): The minimum detectable dose of brain-derived neutrotrophic factor was
less than 20.00 pg/ml; all samples from control individuals
measured on average 270.79 pg/ml.
All kits are lot-to-lot validated and quality controlled by the
manufacturer. The manufacturer's protocol was strictly followed.
The entire study was blinded and the samples were assayed in
duplicates.

Table 2
The degree of hearing lossa in sample studied as measured by pure-tone audiogram
between 0.5 and 8 kHz.
Severity of impairment

Mean hearing loss in
pure-tone audiogram

Number of
patients

No impairment
Slight impairment
Moderate impairment
Severe impairment
Profound impairment

25 dB or better
26e40 dB
41e60 dB
61e80 dB
81 dB or more

21
7
2
0
0

a
The mean hearing loss was calculated for each ear separately as a mean value of
hearing loss in 500, 1000, 2000 and 4000 Hz.

2.5. Psychometric instruments
2.5.1. German version of tinnitus questionnaire (TQ) with subscales
The ﬁnal score of TQ represents four severity levels of tinnitus:
low (1e30), moderate (31e46), severe (47e59) and a very severe
(60e84). Fifty-two items assess speciﬁc areas of tinnitus-related
distress: emotional distress, cognitive distress, intrusiveness,
hearing problems, sleep disturbances, and somatic complaints. This
instrument was validated; the split-half reliability is 0.94 and
Cronbach's a ¼ 0.94 (Goebel and Hiller, 1994).
2.5.2. Visual analogue scale (VAS) measuring tinnitus loudness and
annoyance
Tinnitus-related distress was also assessed by VAS, which are
sometimes used in monitoring of the clinical course of tinnitus
(Adamchic et al., 2012). VAS scales “loudness of tinnitus”, “annoyance by tinnitus” and “awareness of tinnitus” range between 0 and
10. Patients indicated their present condition using “0” being the
best and “10” being the worse.
2.5.3. Perceived stress questionnaire (PSQ) with subscales
Short, 20 items version of the perceived stress questionnaire
was used. PSQ contains four subscales: worries, tension, joy and
demands. This instrument was validated; the split-half reliability is
in the range of 0.80e0.88 and Cronbach's a ¼ 0.90 (Fliege et al.,
2005).
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2.5.4. General depressions scale (ADS)
Full version of this validated general depression scale (ADS) was
used, as previously described (Seydel et al., 2012). The total score
ranges between 0 and 60 points. Total score above 23 points indicates depressive disorder.

Table 4
Tinnitus-related distress assessed using tinnitus questionnaire
TQ, the three VAS scales, the perceived stress questionnaire
PSQ and its subscales and the depression questionnaire ADS.

2.6. Statistics
All parameters were analyzed using descriptive statistics. The
correlations between the concentrations of various cytokines and
psychometric scores were determined with Spearman correlation
analysis. Differences of p < 0.05 were considered to be signiﬁcant.
To correct for type I error rate (falseepositive correlations), Bonferroni correction for multiple testing was applied and the alpha
signiﬁcance level was set on p < 0.00167. To remove the inﬂuence of
factors such as age, duration of tinnitus or the degree of hearing
loss, partial correlation was used.
3. Results
3.1. Tinnitus parameters and hearing loss
Mean tinnitus frequencies and loudness are listed in Table 1. No
correlation was found between the tinnitus frequencies and loudness and psychometric scores (VAS loudness, VAS intrusiveness).
Pure-tone audiometry has demonstrated that all patients
included in the study had hearing loss of various degrees, predominantly affecting higher frequencies (Fig. 1A and B). Of 30 patients included in the study, nine had hearing impairment, as per
current WHO classiﬁcation (Table 2). Of the nine patients with
hearing impairment, seven were affected by slight impairment and
two by moderate impairment. Six persons (20%) had unilateral
hearing impairment and three persons (10%) had bilateral hearing
impairment.
3.2. Concentrations of tumor necrosis factor a, interleukin-1b,
interleukin-6, and brain-derived neutrotrophic factor
Mean measured serum concentrations of tumor necrosis factor

a, interleukin-1b, interleukin-6, and brain-derived neutrotrophic
factor are presented in Table 3. The levels of circulating interleukin6 in sera were below the detection limit and therefore not taken
into further analyses.
Psychometric scores and their correlation with the concentration of circulating cytokines and brain-derived neutrotrophic factor.
The psychometric scores are listed in Table 4.
Spearman correlation analysis (Table 5) indicated that the concentrations of tumor necrosis factor a correlated with perceived
loudness of tinnitus (r ¼ 0.630, p < 0.001), with the total score of
perceived stress (r ¼ 0.535, p < 0.01) and subscale “tension”
(r ¼ 0.580, p < 0.01) as well as with depressive symptoms (r ¼ 0.441,
p < 0.05). There was a negative correlation between the concentration of tumor necrosis factor a and subscale “joy” in the psychometric instrument PSQ measuring stress level (r ¼ 0.627,

Questionnaire

Score

TQ (total score)
VAS loudness
VAS annoyance
VAS awareness
PSQ (total score)
Worries
Tension
Joy
Demands
ADS (total score)

35.4
6.1
5.9
7.7
0.49
0.49
0.59
0.46
0.52
19.7

Means ± standard
deviations
TNFa pg/ml
IL1b pg/ml
IL6 pg/ml
BDNF ng/ml

1.58
4.00
0.38
22.66

±
±
±
±

1.12
0.43
0.06
5.5

Minimum

Maximum

Minimum
detectable dose

0
3.53
0.26
12.31

3.92
5.19
0.54
33.27

1.60
1.00
0.70
0.01

17.1
1.9
2.1
2.5
0.18
0.23
0.25
0.227
0.25
11.4

Given are the means ± standard deviations; n ¼ 30.

p < 0.001). There was a positive correlation between the concentration of tumor necrosis factor a and the score of depression ADS
(r ¼ 0.441, p < 0.05). In addition, serum concentrations of interleukin-1b correlated with the VAS score “awareness” (r ¼ 0.565,
p < 0.01). After setting the alpha signiﬁcance level on p < 0.00167
(Bonferroni correction for multiple testing reﬂecting 30 simultaneous comparisons), of all correlations tested, the correlation between tumor necrosis factor a and tinnitus loudness as well as the
negative correlation between the concentration of tumor necrosis
factor a and subscale “joy” remained signiﬁcant.
Partial correlation analysis was used to remove the effects of
age, hearing loss and the duration of tinnitus (Table 6). Associations
between the tumor necrosis factor a concentration and depressiveness were on a border of signiﬁcance (r ¼ 0.444, p ¼ 0.05) but
these between tumor necrosis factor a concentration and VAS
“tinnitus loudness” (r ¼ 0.513, p < 0.05) as well as total score of
perceived stress (r ¼ 0.525, p < 0.05), tension (r ¼ 0.505, p < 0.05)
and a negative correlation with joy (r ¼ 0.594, p < 0.05) were
conﬁrmed. Also the positive association between the interleukin1b concentration and VAS awareness scale (r ¼ 0.466, p < 0.05) was
conﬁrmed.
No correlations between the serum concentration of brainderived neutrotrophic factor and psychometric scores were
detected.
Table 5
Results of Spearman correlation analyses.

TQ total score
VAS annoyance
VAS loudness
VAS awareness
PSQ total score
PSQ worries
PSQ tension

Table 3
Detected concentrations of circulating tumor necrosis factor a, interleukin-1b,
interleukin-6 and brain-derived neutrotrophic factor.

±
±
±
±
±
±
±
±
±
±

PSQ joy
PSQ demands
ADS

rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p

TNFa

BDNF

IL1b

0.269
0.204
0.354
0.089
0.630a
0.001
0.298
0.157
0.535
0.007
0.402
0.052
0.580
0.003
¡0.627a
0.001
0.289
0.171
0.441
0.031

0.216
0.290
0.250
0.218
0.028
0.892
0.135
0.511
0.166
0.418
0.137
0.506
0.062
0.764
0.141
0.492
0.164
0.423
0.332
0.098

0.169
0.420
0.205
0.327
0.272
0.188
0.564
0.003
0.249
0.230
0.100
0.635
0.252
0.224
0.355
0.082
0.039
0.855
0.124
0.554

Correlations with signiﬁcance p < 0.05 are indicated in bold; p values are presented
in italic.
a
Statistically signiﬁcant p values after Bonferroni correction for 30 comparisons
(p < 0.00167).
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Table 6
Results of partial correlation analysis.

Table 7
Results of Spearman correlation analyses (hearing loss and audiogram vs cytokines).

Control variables: age & hearing loss
& duration of tinnitus

TNFa

TQ total score

0.215
0.362
0.436
0.055
0.513a
0.021
0.309
0.185
0.525a
0.018
0.414
0.069
0.505a
0.023
0.594a
0.006
0.197
0.404
0.444a
0.050

VAS annoyance
VAS loudness
VAS awareness
PSQ total score
PSQ worries
PSQ tension
PSQ joy
PSQ demands
ADS

r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
r
p
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BDNF

IL1b
Hearing impairment grade

0.270
0.249
0.182
0.442
0.048
0.840
0.188
0.429
0.125
0.600
0.304
0.193
0.051
0.832
0.122
0.608
0.318
0.172
0.333
0.151

0.162
0.496
0.218
0.355
0.132
0.579
0.466a
0.038
0.325
0.163
0.086
0.719
0.338
0.144
0.418
0.067
0.020
0.934
0.281
0.230

DOF (degrees of freedom) for all calculations ne2em (23e2e3) ¼ 18, where n ¼ 23
(sample size used for this correlation) and m ¼ 3 (number of control variables).
Correlations were performed accounting for age, duration of tinnitus and the degree
of hearing loss.
a
Statistically signiﬁcant p values (p < 0.05); p values are presented in italic.

Concentrations of circulating cytokines and brain-derived neutrotrophic factor do not correlate with the degree of hearing
impairment.
Statistical analyses demonstrated that there was no correlation
between both the degree of hearing impairment or hearing
threshold values (obtained from pure-tone audiograms) and the
concentration of circulating cytokines (Table 7).

0.25 kHz right
0.5 kHz right
1 kHz right
1.5 kHz right
2 kHz right
3 kHz right
4 kHz right
6 kHz right
8 kHz right
0.25 kHz left
0.5 kHz left
1 kHz left
1.5 kHz left
2 kHz left
3 kHz left
4 kHz left
6 kHz left
8 kHz left

4. Discussion
The aim of our present work was to explore the potential role of
circulating tumor necrosis factor a, interleukin-1b, interleukin-6
and brain-derived neutrotrophic factor as biological correlates of
tinnitus-related distress. We found that the serum concentrations
of tumor necrosis factor a and interleukin-1b correlated with
tinnitus-related distress, whereas interleukin-6 concentration was
below detection threshold and no signiﬁcance was found for brainderived neutrotrophic factor.
When circulating tumor necrosis factor a, interleukin-1b and
interleukin-6 are present in high concentrations (e.g. during infections), then they induce severe sickness symptoms such as fever,
pain, increased sleep and anorexia (McCusker and Kelley, 2013).
However, in recent years, the minute modulation in the basal levels of
circulating cytokines have caught the attention of psychoneuroimmunology and aging research (Schwarz, 2003). Such modulation
occurs during aging, after the exposure to psychological stress
(Zhang et al., 2013) in post-traumatic stress disorder (Andrews and
Neises, 2012) or after exposure to stress (Hansel et al., 2010; Steptoe
et al., 2007). Consensus model behind this phenomena proposes an
interplay between stress-activated hypothalamus pituitary adrenal
axis (HPA axis) and the immune system and involves complicated
positive feedback loop (Janssen et al., 2010).
Patients with chronic tinnitus are exposed to variety of chronic
stress, some of it caused by the perception of tinnitus and by
frequent comorbid sleep disorders, deﬁciency in concentration or
anxiety (Alpini and Cesarani, 2006; Pajor et al., 2013; Stouffer and
Tyler, 1990; Tyler and Baker, 1983; Zirke et al., 2013). Thus, one
could expect that perceived stress and/or tinnitus-related distress
could be reﬂected by modulated concentrations of some circulating

rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p
rs
p

TNFa

BDNF

IL1b

0.107
0.617
0.311
0.139
0.086
0.689
¡0.416a
0.043
0.246
0.247
0.046
0.832
0.020
0.928
0.074
0.731
0.095
0.657
0.195
0.361
0.019
0.929
0.171
0.423
0.113
0.599
0.147
0.494
0.034
0.873
0.097
0.652
0.123
0.568
0.030
0.891
0.099
0.646

0.277
0.170
0.187
0.359
0.176
0.390
0.082
0.690
0.136
0.508
0.195
0.320
0.003
0.987
0.038
0.853
0.025
0.902
0.041
0.844
0.260
0.199
0.038
0.853
0.069
0.738
0.369
0.064
0.224
0.271
0.055
0.789
0.047
0.819
0.008
0.968
0.076
0.710

0.258
0.213
0.396a
0.050
0.297
0.149
0.350
0.870
0.238
0.252
0.310
0.131
0.144
0.494
0.213
0.307
0.172
0.411
0.236
0.257
0.057
0.788
0.130
0.536
0.219
0.292
0.098
0.642
0.149
0.477
0.030
0.885
0.069
0.745
0.177
0.397
0.210
0.315

*Statistically signiﬁcant p values after Bonferroni correction for 57 comparisons
(p < 0.0009) were not found; p values are presented in italic.
a
Correlations with signiﬁcance p < 0.05 are indicated in bold.

cytokines. In our present work, using Spearman correlation we
found that increased distress (VAS loudness, PSQ total score, PSQ
subscale “tension”, PSQ subscale “joy” as well as depression score)
correlates with an increased concentration of circulating tumor
necrosis factor a. However, Bonferroni correction excluded the
signiﬁcance of correlation between tumor necrosis factor a and PSQ
total score, PSQ subscale “tension” or the depressiveness scale ADS.
Using Bonferroni correction is a common procedure when performing multiple testing analyses to decrease the occurrence of
Type I error (false-positives). However, it may increase occurrence
of Type II error (false-negative), especially in the exploratory
studies. Nevertheless, the correlations of scores for “joy” (PSQ) and
VAS loudness with elevated circulating tumor necrosis factor a
remained signiﬁcant after applying Bonferroni correction. A partial
correlation, designed to measure the strength of a relationship
between two variables, while controlling the effect of other variables (age of patients, duration of tinnitus and hearing loss)
conﬁrmed the signiﬁcance of all the results obtained with
Spearman correlation. This implies that the concentrations of
circulating tumor necrosis factor a could be indicative of increased
distress in tinnitus patients (Tables 5 and 6 and Fig. 2). Our present
data support previously observed and reported association between tinnitus improvement and a decrease in the concentration of
circulating tumor necrosis factor a (Weber et al., 2002). The precise
mechanisms of changes in the cytokine concentration reﬂecting the
modiﬁcations of psychometric scores remain to be determined.
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Fig. 2. Correlations between the concentration of circulating tumor necrosis factor a and psychometric scores. Shown are the regression lines indicating signiﬁcant correlations
between the concentration of circulating tumor necrosis factor a and the scores of VAS “loudness”, total PSQ, and PSQ subscales “tension” and “joy”. Dotted lines represent 95%
conﬁdence interval (CI).

We have also determined positive correlation between the
concentration of interleukin-1b and VAS measuring awareness of
tinnitus. Although the results of Spearman correlation were not
validated by Bonferroni correction, partial correlation controlling
the effect of age, duration and hearing loss of tinnitus patients
conﬁrmed their possible signiﬁcance (Fig. 3). Little is known about
the association of interleukin-1b with auditory perception. Recent
work of Liu and colleagues has demonstrated that in animal model,
IL-1b enhances nociceptive responses mediated by AMPA and
NMDA (Liu et al., 2013). Since glutamate receptors are also
responsible for the conduction of auditory signals, it would be
tempting to speculate that interleukin-1b by analogy could
enhance the auditory perception in glutamate signaling-mediated
fashion. More work in this interesting ﬁeld should answer this
question in the future.
The interleukin-6 concentration was below the threshold, suggesting that this particular cytokine is out of the tinnitus-regulated
or inﬂuenced loop. This also agrees with our previous report, in
which we found that in contrast to tumor necrosis factor a, no
correlation with successful therapy could be found for interleukin-6
(Weber et al., 2002). In a large meta-analysis, interleukin-6
together with C-reactive protein (CRP) and interleukin-1b was
designated a marker of major depressive disorder (Howren et al.,
2009). However, patients in our sample have not suffered from
major depression, indicated by the cut-off value of depressive score
ADS. Increased interleukin-6 concentration has also been associated with acute stress (Steptoe et al., 2007). Our patients; however,
were exposed to chronic stress, which could explain the absence of
interleukin-6 elevation in blood.

We have not found correlation between brain-derived neutrotrophic factor and psychometric parameters measured in this
study. The negative correlation between the concentration of
circulating brain-derived neutrotrophic factor and the progression

Fig. 3. Correlation between the concentration of circulating interleukin-1b and psychometric scores. Shown are the regression lines indicating signiﬁcant correlations
between the concentration of circulating interleukin-1b and the scores representing
three VAS scale “awareness” of the patients with chronic tinnitus. Dotted lines
represent 95% conﬁdence interval (CI).
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of mood disorders is well known. For example, patients with major
depressive disorder have signiﬁcantly lower concentration of
circulating serum brain-derived neutrotrophic factor, which rises in
response to successful pharmacological treatment (Katsuki et al.,
2012). What's more, healthy subjects having psychopathological
character features were demonstrated to have negative correlation
between their symptoms and the concentration of brain-derived
neutrotrophic factor in plasma (Bhang et al., 2012). Recent work
of Goto and colleagues has demonstrated signiﬁcant differences in
the brain-derived neutrotrophic factor plasma concentration between patients with mild but not severe form of tinnitus and the
control subjects (Goto et al., 2012). However, there are several
differences between the work of Goto and ours. First, the goal of our
work was not to seek differences between tinnitus and control
subjects but to verify the existence of correlations between brainderived neutrotrophic factor and psychometric scores of tinnitus
patients. Moreover, in the study of Goto 20 patients with acute and
22 with chronic tinnitus were included, whereas we included only
chronic cases. And lastly, in our study, we used serum whereas Goto
used plasma. There are known differences between these two
bodily ﬂuids in terms of brain-derived neutrotrophic factor detection. Plasma is supposed to reﬂect the amount of free, not plateletbound brain-derived neutrotrophic factor, reﬂected by relatively
low concentrations of this neurokine upon detection. Serum contains the whole brain-derived neutrotrophic factor represented by
respectively high concentrations. Nevertheless, recent study of Cho
et al. indicated that the modulation of concentration in circulating
brain-derived neutrotrophic factor can be detected in serum and in
plasma (Cho et al., 2012). In addition, serum was used in a current
large study of patients with major depressive disorder to successfully measure signiﬁcant changes in the brain-derived neutrotrophic factor concentration in response to treatment (Katsuki
et al., 2012).
All patients included in our study had various degrees of
hearing loss, predominantly in higher frequencies, as demonstrated by pure-tone audiometry (Fig. 1). This may be indicative of
presbyacusis, which is consistent with the average age of participants which was 47 (range 18e67). In addition, possible effect of
noise exposure and/or use of ototoxic substances in the past
cannot be ruled out. Despite prevalent high-frequency hearing
loss, only nine patients were hearing impaired as per WHO classiﬁcation. There was a lack of correlation between the hearing
impairment grade or pure-tone audiogram features and the concentration of circulating cytokines or neurotrophin (Table 7).
However, this ﬁnding must be interpreted cautiously, as the
sample analyzed was relatively small and only 9 tinnitus patients
were affected by hearing impairment, mostly of minor grade.
Various types of hearing loss, various medical backgrounds behind
them as well as other intricate aspects of hearing loss add to the
complexity of this problem and should be addressed in a future,
large study. In fact, the small sample used was major drawback of
our study and has prevented more detailed study, such as splitting
the sample into subgroups (age, gender, duration of tinnitus, degree of hearing impairment, etc.). The process of aging is accompanied by increasing basal concentrations of cytokines (Zhang
et al., 2013). Also gender differences may inﬂuence the cytokine
proﬁle, as in women, aging-dependent increase in circulating cytokines intensiﬁes following the menopause (Gameiro et al.,
2010). In addition, we have not taken under account parameters
such as body mass index or physical activity of patients, which are
known to inﬂuence the production of neurokines or cytokines and
could have an effect on depressive or stress parameters (Coelho
et al., 2013). Extending the number of patients and including
control subjects would be the next consequent step in our work
and is in fact, already planned.
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The second drawback of our study is the choice of material used
to determine cytokine concentration, which in our case was serum.
In the recent years, the advantages and disadvantages of using
serum or plasma for the determination of cytokine concentrations
were discussed in the literature. In the future, we plan to use
plasma and serum, to be able to determine the concentration of
cytokines in both ﬂuids and in this way make the results comparable with our previous results and with the work of others.
Nevertheless, there is a volume of current studies, where serum
was effectively used for the measurement of brain-derived neutrotrophic factor (Cho et al., 2012; Coelho et al., 2013; Katsuki et al.,
2012).
Despite above pitfalls, our study demonstrates feasibility of
including the estimation of circulating cytokines in tinnitus diagnostic and monitoring panel. The candidates for biological correlates of tinnitus distress include tumor necrosis factor a and
interleukin-1b. The degree of involvement of circulating cytokines
the biology or pathology of tinnitus remains to be established.
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