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Abstract In this study, we aimed to investigate the role of
three trace elements, namely, zinc, copper, and lead, in tinnitus
by analyzing the serum level of copper and lead and both the
serum and tissue level of zinc. Eighty patients, who applied to
outpatient otolaryngology clinic with the complaints of having
tinnitus, and 28 healthy volunteers were included. High-
frequency audiometry was performed, and participants who
had hearing loss according to the pure tone average were
excluded; tinnitus frequency and loudness were determined
and tinnitus reaction questionnaire scores were obtained from
the patients. Of all the participants, serum zinc, copper, and
lead values were measured; moreover, zinc levels were exam-
ined in hair samples. The levels of trace elements were com-
pared between tinnitus and control groups. The level of copper
was found to be significantly lower in the tinnitus group
(p = 0.02), but there was no significant difference between
the groups in terms of the levels of zinc, neither in serum
nor in hair, and lead in serum (p > 0.05). The lack of trace
elements, especially that of “zinc,” have been doubted for the
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etiopathogenesis of tinnitus in the literature; however, we only
found copper levels to be low in patients having tinnitus.
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Introduction

Tinnitus, which is one of the most frequent complaints among
all auditory problems, is a sound that is heard by the individ-
uals in the absence of any auditory stimulation. Whereas its
prevalence increases after the age of 50, tinnitus can occur in
any age [1], and its incidence is 10-30 % in the general pop-
ulation [2]. Tinnitus is classified into two classes, namely,
objective and subjective tinnitus. Objective tinnitus is the form
that the examiner can also hear the sound externally.
Subjective tinnitus, which is the much more frequently seen
form, is the one that no sound can be heard externally [3].
Etiology of the subjective tinnitus has not been clarified
yet. The association between the etiology of tinnitus and the
serum level of zinc (Zn) has been evaluated in some studies in
the literature, and low level has been suggested as a factor in
the etiology of tinnitus [4, 5]. However, the tissue level of zinc
has never been studied yet, whereas it reflects Zn concentra-
tion of the last 3 months with high accuracy [6]. Zinc is an
essential trace element and widely available in the central
nervous system. In cochlea, it biochemically exists in synap-
ses of the hearing pathway. In metabolic activities, zinc and
copper (Cu) join in the structure of many enzymes such as
copper-zinc superoxide dismutase (Cu-Zn-SOD), catalase,
and glutathione peroxidase (GPx) [7]. That is why copper
level should be considered as an involving factor in the path-
ophysiology of tinnitus. However, there is still no study in the
literature examining the copper level particularly in patients
with tinnitus. Lead (Pb) normally does not exist in the body,
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but its level can increase as a result of environmental pollution
and occupational exposure. Lead exposure may lead to tinni-
tus, as well as peripheral nerve paralyzes and stroke [8].

In this study, we aimed to investigate the role of three trace
elements, namely, Zn, Cu, and Pb, in tinnitus by analyzing the
serum level of Cu and Pb and both the serum and tissue level
of Zn.

Materials and Methods

After ethical approval was obtained from the Ethics
Committee of Erciyes University, the study was carried out
on 80 subjects having tinnitus and 28 healthy volunteers, with
a total of 108 participants within the age range of 18—65 years,
between June 2015 and January 2016. All the participants
signed the consent form. The patients who applied to outpa-
tient otolaryngology clinic with the complaint of having tin-
nitus lasting for at least 6 months underwent high-frequency
audiometry, and those with normal hearing level in terms of
pure tone average (PTA; average of hearing levels at 500,
1000, 2000 Hz) were included into the study. The medical
and surgical histories of the participants were recorded.
Considering ear pathologies and systemic diseases, which
can cause tinnitus, physical examination, psychiatric assess-
ment, complete blood count (CBC), biochemistry of the serum
(including lipid profile), thyroid hormone levels, vit-B12 and
folic acid levels, cervical radiography, and carotid and verte-
bral artery doppler ultrasonography were performed as routine
examinations. As a result of those examinations, 36 of the
patients with tinnitus were excluded because of having psy-
chiatric disorders, such as anxiety and major depression (12
patients); any chronic disease (9 patients); any defined ear
pathology (8 patients); and temporomandibular joint syn-
drome (7 patients). Besides the tinnitus patients, the 28
healthy volunteers, who had no complaints regarding hearing,
underwent high-frequency audiometry as well, and those hav-
ing normal hearing level according to PTA were also included
into the study. The participants were then divided into two
groups: the tinnitus group (n = 44) and the control group
(n=28) (Fig. 1).

Tinnitus frequency was determined by high-frequency au-
diometry (AC40 Diagnostic Audiometer; Interacoustics,
Middelfart, Denmark) using narrow-band stimuli in the fre-
quencies 0f 0.5, 1,2, 4, 6, 8, and 10 kHz and asking the patient
to match the most similar stimulus to his/her tinnitus. Tinnitus
loudness was measured via masking method using ascending
stimuli from 5 to 80 dB. The side (bilateral, right, left), char-
acteristic (intermittent, continuous), and duration (years) of
the tinnitus were questioned. The tinnitus reaction levels of
the patients were measured via the Turkish version of the
tinnitus reaction questionnaire (TRQ) [9]. Besides audiologi-
cal evaluations of the patients in the study group, the serum

@ Springer

copper, lead, and zinc levels of all of the participants were
examined via atomic absorption spectrophotometry (Thermo
Scientific™ iCE™ 3000 Series). Normal values were accept-
ed to be 70-150 pg/dl for Zn, 50-155 pg/dl for Cu, and 0—
25 pg/dl for Pb. In addition to that, the hair samples were
taken from the occipital region, and then examined for zinc
level (the normal range of Zn in hair is 100-280 pg/dl).

Localization, duration, loudness, and frequency of tinnitus
as well as the TRQ scores were analyzed within the tinnitus
group. Hearing thresholds and copper, zinc, and lead levels
were compared between the tinnitus and the control group.
Also, the correlations between the tinnitus loudness, TRQ
scores, and the trace element levels were analyzed in the tin-
nitus group.

Statistical Analysis. Stata 14.0 software was used for sta-
tistical analyses. The normality of data distribution was ana-
lyzed with Shapiro-Wilk test. For the comparison of data hav-
ing normal distribution, the Student’s ¢ test was used, while the
Mann-Whitney U test was used for non-normally distributed
data. Chi-square test was used for intergroup comparison of
ratios. For the data having normal distribution in correlation
analyses, the Pearson’s test was used, and for the data having
non-normal distribution, Spearman’s test was used. p < 0.05
was the significance level.

Results

The mean ages of the participants were 43.75 + 9.98 and
44.6 £ 10.79 years in the control group and the tinnitus group,
respectively. The male to female ratio of was 14/14 in the
control group while it was 16/28 in the tinnitus group. In terms
of age and gender, the differences between the groups were
not statistically significant (p = 0.56 and p = 0.25, respective-
ly) (Table 1). Hearing levels in low and mid-frequencies were
similar and within the normal limits in both groups; however,
there was an obvious slope in the high-frequency region in the
tinnitus group (Fig. 2). Speech discrimination scores were
97.12 + 4.48 and 96.74 + 4.96 in the tinnitus group and
97.57 £4.12 and 97.71 + 4.41 in the control group, and the
differences between the groups were insignificant in both ears
(p =0.6811 and p = 0.3238).

Twenty-eight of the patients in the tinnitus group had suf-
fered from tinnitus for 2 years or less, 9 patients for 3—5 years,
4 patients for 6-10 years, and 3 patients for more than 10 years.
The mean duration of tinnitus was 4.04 + 7.08 years (Table 1).

The mean tinnitus loudness of the patients was
47.73 £ 18.38 dB (Table 1). Tinnitus loudness was 10 dB in
1 patient (2.27 %), 15-20 dB in 5 patients (11.36 %), 25-30 dB
in 2 patients (4.55 %), 35-40 dB in 10 patients (22.73 %), 45—
50 dB in 6 patients (13.64 %), 55—60 dB in 11 patients (25 %),
65-70 dB in 6 patients (13.64 %), and 75-80 dB in 3 patients
(6.82 %).
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Fig. 1 Flowchart of the
recruitment steps
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Tinnitus group
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In terms of tinnitus frequency, the mean of the tinnitus group
was 6465.91 +3343.51 Hz, and it was lower than 4000 Hz in 7

Table 1 Baseline characteristics
of the participants

patients (15.91 %) and 4000—-8000 Hz in 27 patients (61.36 %)
and higher than 8000 Hz in 10 patients (22.73 %) (Table 1).

Tinnitus (n = 44) Control (n = 28)

Age (years), mean + SD (range)
Male gender, n (%)
Tinnitus localization, right, n (%)

Tinnitus duration (years), mean £+ SD (range)
Tinnitus loudness (dB), mean + SD (range)

Tinnitus frequency, n (%)
<4000 Hz
40008000 Hz
>8000 Hz

Tinnitus character, n (%)
Continuous
Intermittent

44.66 + 10.79 (21-65)
16 (36)
18 (41)
4.045 + 7.08 (0.5-40)
47.73 + 18.38 (5-80)

43.75 £9.98 (21-59)
14 (50)

7(15.9)
27 (61.4)
10 (22.7)

24 (55)
20 (45)

Tinnitus reaction questionnaire, 7 (%)

Slight (0-16)

Mild (18-36)
Moderate (38-56)
Severe (58-76)
Catastrophic (78-100)

17 (38.6)
15 (34.1)
7(15.9)
4(9.1)
123)

SD standard deviation
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Fig. 2 Distribution of the hearing
levels in the two groups
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The mean TRQ score of the tinnitus group was
26.52 + 19.73. According to the TRQ scores, 32 of the
patients had slight or mild tinnitus, and 12 of them had
moderate, severe, or catastrophic tinnitus (Table 1).

While there were 20 participants having intermittent tinni-
tus, the number of those having continuous tinnitus was 24
(Table 1). When the data of the patients in the tinnitus group
were analyzed using subgroups according to having intermit-
tent and continuous tinnitus, the mean age of the patients
having continuous tinnitus (49.42 + 1.86) was significantly
higher than that of patients having intermittent tinnitus
(40.25 + 2.67) (p = 0.0062). However, no other variable in-
cluding the level of the trace elements was significantly dif-
ferent from each other between the subgroups (p > 0.05).

Analyzing the levels of the trace elements, the only statis-
tically significant difference between the two groups was
found to be in the serum level of copper (Fig. 3). Whereas
the serum level of copper was 105.80 + 25.74 ug/dl in the
control group, it was 92.18 £ 28.78 ug/dl in the tinnitus group
(p < 0.05). There was no statistically significant difference
between the tinnitus group and the control group in terms of
zinc levels, neither in serum nor in tissue. The serum level of
zinc in the control group was 83.47 + 21.6 ug/dl and
79.01 £+ 26.15 pg/dl in the tinnitus group (p > 0.05); the level
of zinc in hair in the control group was 197.80 + 72.23 pg/dl
and 195.27 + 78.45 pg/dl in the tinnitus group (p > 0.05).
Serum lead level was determined to be 3.79 + 4.98 pg/dl in
the control group, while it was 5.02 + 6.16 pg/dl in the tinnitus
group, and the difference between the groups was statistically
insignificant (p > 0.05). Considering the potential differences
of the levels of trace elements between the two genders, we
also compared the two groups according to gender and found
no significant difference (» > 0.05); moreover, the analysis
within the groups showed no significant difference between
the two genders (p > 0.05) (Table 2).

When the numbers of participants whose level of trace
elements were out of the normal ranges were compared be-
tween the two groups, no statistically significant difference
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was found (Table 3). Examination of the relationship between
tinnitus loudness and the trace element levels showed that the
only variable that has significant correlation with the tinnitus
loudness was the serum level of lead (p = 0.0291; » = —0.329)
(Fig. 4). The correlation analysis of the TRQ scores with the
trace element levels also showed that only the serum level of
lead has as significant relationship with the TRQ scores
(p =0.0139; r = 0.3685) (Fig. 5).

Discussion

Tinnitus, which affects millions of people all over the world, is
a tremendous field of research in auditory science, since its
pathophysiology has not been clarified yet. The level of trace
elements, especially the deficiency of zinc, has been consid-
ered as a contributor to this phenomenon. However, contro-
versial results have been reported in the literature so far
[10-14]. Some studies reported that zinc deficiency exists
more often in the tinnitus group than in healthy controls [4,
10, 13, 14], but some others reported no difference [11, 12].
Moreover, most of the studies, in which the effect of zinc
replacement therapy on tinnitus was investigated, suggested
no benefit [4, 11, 15].

Berkiten et al. [10] reported that 12 of 100 patients, who
had suffered from tinnitus, exhibited low zinc levels, and zinc
levels were significantly lower in elderly patients.
Furthermore, the authors emphasized that the severity and
loudness of tinnitus were greater in zinc-deficient patients
[10]. Similarly, the findings of Yetiser et al. [4] showed that
13 out of 40 patients had decreased zinc levels and the tinnitus
patients did not benefit from the 8 weeks of zinc therapy
significantly, except the elderly patients, whose diet were
found to be lacking zinc. Also, Arda et al. [16] have reported
the frequency of zinc deficiency to be 31 % among the patients
with tinnitus. The results of these studies do not confirm the
previous report of Gersdorff et al. [17], who reported a very
high prevalence (68.7 %) of zinc deficiency among the
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Fig. 3 Distribution of the serum
levels of copper, lead, and zinc
and the tissue concentration of
zinc in the two groups
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Table 2 Distribution of the levels

of trace elements according to Tinnitus (n = 44) Control (n = 28) p value
gender
Copper (ug/dl), mean + SD (range)
Female 102.31 + 28.89 (62.8-146) 111.89 £ 24.49 (84-155) 0.2
Male 86.4 +27.5744 (51-161) 99.7 +£26.38 (51-162) 0.1
P 0.09 0.22
Lead (pg/dl), mean + SD (range)
Female 523 +5.71 (1.1-19.1) 4.75+£6.78 (1-26.9) 0.77
Male 4.89 £6.50 (1-24) 2.84+1.92 (1-8.6) 0.9
p 0.65 0.87
Zinc serum (pg/dl), mean + SD (range)
Female 76.24 +17.56 (42.6-99.7) 79.65 + 15.25 (55-109) 0.58
Male 80.6 +30.18 (34.9-153) 87.3 £26.55 (62-140.2) 0.61
p 0.86 0.7
Zinc hair (png/dl), mean + SD (range)
Female 196.46 +92.36 (51-346.5) 199.83 + 69.76 (77-320) 091
Male 194.59 + 71.14 (104.8-399.8) 195.76 + 77.20 (125.1-376) 0.72
p 0.96 0.65
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Table3  Distribution of the number of participants whose level of trace
elements are outside the reference ranges

Tinnitus (n =44) Control (n =28) p value

Copper, 1 (%)

Low (<50 pg/dl) 0 0 1

High (>155 ug/dl) 0 0.207
Lead, n (%)

High (>25 pg/dl) 0 1 0.207
Zinc serum, n (%)

Low (<70 pg/dl) 14 (31.8) 10 (35.7) 0.732

High (>150 pg/dl) 0 0 1
Zinc hair, n (%)

Low (<100 pg/dl)

High (>280 pg/dl)

3(6.8)
7(15.9)

13.6)
2(7.1)

0.558
0.273

patients having tinnitus. Moreover, in a recent study [12], in
which a large population of tinnitus patients and controls were
included, investigators found that the serum zinc levels of the
patients who have mild or moderate tinnitus were not signif-
icantly different from the controls. However, they reported
that the zinc levels of the patients having severe tinnitus were
significantly lower than those of the controls [12]. In this
study, we found that the serum levels of zinc were similar
between the groups. Furthermore, we also analyzed the zinc
level in the hair, which also exhibited similarity between the
groups. Nonetheless, excluding the patients having obvious
hearing loss led to the formation of a relatively younger group
with an average age of 44.6, whereas Berkiten et al. [10]

reported that the mean age of zinc-deficient patients was
65.4. Moreover, patients having severe tinnitus had lower zinc
levels, and their mean age was 60.61 in Jun et al.’s [12] study.
The results of our study should be interpreted considering the
age factor. On the other hand, our findings are only compara-
ble with the studies in which the tinnitus patients having nor-
mal hearing are involved, since the other causes of cochlear
pathologies can complicate the interpretation of the results.
We only included the tinnitus patients whose hearing is nor-
mal at the low- and mid-frequency regions in order to com-
pose a homogenous group of patients and get rid of other
possible causes of tinnitus, such as noise trauma, which po-
tentially affects hearing as well. However, our findings are not
consistent with the study of Ochi et al. [13], in which the
authors reported that the serum zinc levels of tinnitus patients
whose hearing is normal are lower compared with those of the
healthy controls.

As far as we know, this is the first study reporting the rela-
tionship between tinnitus and the serum levels of copper.
However, investigating the effect of zinc treatment on tinnitus
on an elderly group of patients, Coelho et al. [15] examined the
copper levels initially in order to exclude the patients having
copper deficiency and reported that 7 of the 116 (6 %) partici-
pants’ serum levels of copper were low. Our results indicate that
copper levels are lower in patients having tinnitus than those in
the healthy volunteers overall. However, when we compared the
two groups according to gender, we found no significant differ-
ence between the groups; the reason for this seems to be the
small number of participants in the subgroups. Increasing the
number of participants would potentially lead to obtaining a
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statistically significant difference in the comparison according to
gender as well. Copper is necessary in the production of neuro-
transmitters. Copper deficiency leads to problems in the nervous
system [18]. Thus, in Wilson’s disease, which is a genetic dis-
order with disrupted copper metabolism, tinnitus and hearing
loss can be the components of the condition. In amyotrophic
lateral sclerosis, it has been reported that copper level is signif-
icantly decreased in both cerebrospinal fluid and serum as op-
posed to healthy condition [19]. In the serum, copper and zinc
are related with each other. There is a competitive correlation
between them. Zinc is mainly present in the intracellular loca-
tion. Hence, the serum zinc level is not a good indicator. That is
why determining the zinc level in tissue provides better results.
Zinc and copper are present in cochlea in the structure of the
copper-zinc superoxide dismutase (Cu-Zn-SOD) enzyme espe-
cially in stria vascularis. The levels of these two trace elements
are in relation with each other. These antioxidant enzymes re-
move the free oxygen radicals arising in the cochlea [20].
Especially in workers of pressing houses and battery facto-
ries, as a result of occupational exposure to lead, tinnitus,
peripheral nerve paralysis, and stroke can occur. It is widely
known that Goya, a well-known painter, had tinnitus, weak-
ness, and unilateral paralysis due to lead exposure [7]. The
reason for examining the lead levels in our study was to in-
vestigate if the lead levels increased in tinnitus. We have not
seen any significant difference between the patients with tin-
nitus and healthy controls in terms of serum lead levels; how-
ever, correlation analyses showed the relationship between
tinnitus loudness and lead level (p = 0.0291; » = —0.329).
Most of the studies in the literature were focused only on
the level of zinc but not the other trace elements. From this

aspect, our study aimed to better investigate the relationship of
tinnitus with trace elements, by including the measurements of
copper and lead besides zinc. As a result, the significant de-
crease was only found in the copper level of the tinnitus group
(p =0.02). The low level of copper may indicate a local dam-
age of cochlea, which could lead to an increase in the Cu-Zn-
SOD enzyme removing the free radicals. The limitation at this
point is that antioxidant enzyme levels were not examined in
blood.

In most of the studies on tinnitus, participants with any
levels and patterns of hearing loss are included in the study
groups; however, this makes the groups heterogeneous, be-
cause of the various etiologies of hearing loss. So, we inves-
tigated the role of trace elements in the etiology of tinnitus in a
homogenous group of patients, all of which have normal hear-
ing in the low- and middle-frequency region with no possible
etiological factors other than presbycusis. One of the other
advantages of our study is having examined also the tissue
concentration of zinc, which provides more accurate results
for the level of zinc.

Conclusion

We found that the serum copper levels of patients with tinnitus
were lower than those of the healthy controls, whereas zinc
and lead levels were alike. These results should be confirmed
with studies on a large series of patients, as well as molecular
studies, which can potentially clarify the reason of this
phenomenon.
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