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Article 
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* Correspondence: holger.schulze@uk-erlangen.de; Tel.: +49-9131-8543845 

Abstract: Tinnitus is a symptom often associated with hearing loss (HL) and is in many cases more 
burdening to the individual than the HL itself. Many approaches have been made to explain the 
development and chronification of the phantom percept as well as different treatment strategies to 
lower the tinnitus related burden. In many studies, the variance of the HL data is high and therefore 
the interpretation of specific data might be difficult. With this retrospective study, we attempt to 
explain a part of this variance by investigating specifically the effects of non-auditory comorbidity 
categories on pure-tone audiometric data in a tinnitus patient collective that was homogeneous with 
respect to auditory comorbidities. We found age dependent as well as number of non-auditory 
comorbidity (e.g. diabetes mellitus) dependent differences in the mean HL of the tinnitus patients 
as well as differences in the peak HL frequency relative to the tinnitus frequency. The analysis of 
the age dependent HL within the different non-auditory comorbidities revealed specific – partially 
opposed – effects of endocrine, circulatory, muscle-skeletal and digestive disease categories on the 
hearing thresholds of tinnitus patients. Taken together we argue that in future tinnitus (and non-
tinnitus) patient studies also non-auditory comorbidities should be taken into account as possible 
covariables that might explain the variance found in the auditory threshold development of these 
patients. 

Keywords: tinnitus; comorbidities; audiometry; retrospective patient study 
 

1. Introduction 

Tinnitus – the percept of sound without a physical source – is a symptom often associated with 
hearing loss (HL) but can also occur without it [1–4]. Tinnitus is often the more burdening problem 
than the HL itself [5,6] and is responsible for yearly costs of at least 21.9 billion Euro in Germany 
alone [7]. It is still unclear, how tinnitus develops and chronifies exactly, even though several models 
try to explain these mechanisms from different angles [e.g., 8,9-15]. Due to the individual and very 
complex pathologies of tinnitus and still too little knowledge there is no causal therapy for this 
condition. Nevertheless, recently several model-based treatment approaches have been developed 
and applied with more or less success [e.g., 16,17-22]. Restoration of hearing is one of such approaches 
that leads to a  reduction of the tinnitus percept loudness [23–25]. One of the major problems of all 
studies with tinnitus patients is the huge variability in the data [26–28]; this heterogeneity of tinnitus 
is also reflected in the patients’ audiograms. This is on the one hand a trivial problem, as tinnitus can 
be a symptom of HL, as mentioned above, and is therefore also dependent on cofactors like the 
patients’ age (e.g., occurrence of presbyacusis). On the other hand, other diseases of the auditory 
system or non-auditory comorbidities can have an influence on HL and / or the occurrence of tinnitus 
[29–32] and therefore add further variance to the patients’ data. All these different covariables make 
the measurement of “baseline” tinnitus data and successively the changes during treatments difficult 
and hard to interpret.  
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In this retrospective study, we investigate possible correlations of non-auditory comorbidities 
on the HL in patients that primarily came to the ENT hospital in Erlangen because of their suffering 
from tinnitus and without any severe auditory comorbidities except HL. 

2. Materials and Methods 

2.1. Patient Collective and Ethics Statement 

We performed a retrospective study on anonymized audiometric data (pure-tone air 
conductance hearing loss, tinnitus frequency and loudness) from 136 adult tinnitus patients (56 
female) with a mean age of 50.9 ± 15.5 a who came to the ENT hospital in Erlangen for medical 
examination between 2000 and 2018. By signing the treatment contract, all patients gave their consent 
that their data can be used for scientific purposes. Therefore, no further declaration of consent was 
necessary. Patients were specifically selected for their complain about tinnitus as the main reason for 
coming to the clinic. Data of auditory and non-auditory comorbidities were extracted from the patient 
files. None of these patients had any acute surgeries affecting the auditory system, even though 5/136 
patients had such surgeries earlier in their life (e.g. tympanoplasty surgeries). Hearing aids were used 
by 5/136 patients (1 monaural, 4 binaural). HL of 20 dB or more was diagnosed prior to their visit in 
the clinics in 36/136 patients; no other acute auditory disease was reported. Nevertheless in 7/136 
cases a common cold was mentioned, that could change hearing ability to a certain degree; 46/136 
patients mentioned earlier episodes of vertigo. None suffered from hyperacusis as assessed by the 
German version of the hyperacusis questionnaire [33].  

Only acute (e.g. Asthma bronchiale / Allergies, N=6) and chronic (e.g. Diabetes mellitus N=8 or 
Hypothyreosis N=23) non-auditory comorbidities of the patients were taken into account in this 
study and separated into seven categories according to the ICD-10-GM codes; the exact patient 
numbers for each category is given in Table 1. Category 1: Endocrine system / metabolic diseases. 
This included, e.g. diabetes mellitus or hypothyroidism. Category 2: psychiatric / behavioral 
disorders. This included, e.g. clinical depression or anxiety. Category 3: diseases of the central 
nervous system. This included, e.g., strokes or space-occupying tumors of the brain. Category 4: 
Diseases of the circulatory system. This included, e.g., patients that suffered from earlier cardiac 
arrests or arteriosclerosis. Category 5: Diseases of the respiratory system: This included, e.g., chronic 
obstructive pulmonary disease or chronic asthma. Category 6: Diseases of the digestive system. This 
included, e.g., inflammatory bowel disease or ulcerative colitis. Category 7: muscle-skeletal diseases. 
This included, e.g., disc-related spinal disorders, arthritis or osteoporosis. Patients could suffer from 
more than one non-auditory comorbidity (169 comorbidities in 136 tinnitus patients), for these 
numbers please refer to Table 2. 

Table 1. Overview of non-auditory comorbidity categories in patients separated by age group. 

Comorbidity Category 
Young 

Patients 
Middle Aged 

Patients 
Senior 

Patients 
Σ and % of all patients 

endocrine system / metabolic 
diseases 

1/18 24/85 15/33 40/136 (29.4%) 

psychiatric / behavioral 
disorders 

4/18 20/85 4/33 28/136 (20.6%) 

diseases of the central 
nervous system 

0/18 6/85 3/33 9/136    (6.6%) 

Diseases of the circulatory 
system 

0/18 22/85 19/33 41/136 (30.1%) 

Diseases of the respiratory 
system 

0/18 5/85 5/33 10/136  (7.4%) 

Diseases of the digestive 
system 

0/18 9/85 1/33 10/136  (7.4%) 

muscle-skeletal diseases 1/18 19/85 11/33 31/136 (22.8%) 
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Σ all comorbidity classes 6 105 58 
169 comorbidities in 136 

patients 

Table 2. Number of non-auditory comorbidities in patients separated by age group. 

Age Group 0 Comorbidities 1 Comorbidity 2 Comorbidities 3+ Comorbidities 
young 11 7 0 0 
middle 28 25 20 12 
senior 6 11 7 9 

2.2. Data Evaluation and Statistics 

For the statistical data analysis, Statistica 14 (TIBCO software, Palo Alto, CA, USA) was used. 
The patients were categorized according to their age at the performed measurements into young: 18 
to 39 a, middle aged: 40 to 59 a and senior: 60+ a. The tinnitus related data as well as the number of 
comorbidities were analyzed by non-parametric statistics. Only the audiogram data of the patients’ 
tinnitus-affected ears were used for further analyses. All HL related data was analyzed using two-
factorial ANOVAs with Tukey post-hoc tests. The distance of the tested audiometric frequency to the 
tinnitus frequency (TF) was calculated by log2(frequency (Hz)/TF (Hz)) rounded to the nearest 
integer. This was used to align the measured HL to the determined TF. Note that for the analyses 
only TF distances ranging from -4 to +2 octaves relative to the TF were used, as TF distances beyond 
this range were rare in the patient collective. 

3. Results 

3.1. Patient Collective 

The 136 adult tinnitus patients (56 ♀, 80 ♂) included in this study had a mean age of 50.9 ± 15.5 
a. Female (51.3 ± 15.5 a) and male patients (50.6 ± 15.5 a) did not differ significantly in their mean age 
(Student’s t-test, p=0.79). The adult patient collective was divided into three age categories of young 
(<39 a; n=18; mean age (± standard deviation): 23.9 ± 3.6 a), middle aged (40 – 59 a; n=85; 48.8 ± 7.6 a) 
and senior (60+ a; n=33; 70.6 ± 7,6 a) patients to account for age related hearing changes and 
comorbidity burden. The patients reported either monaural (young: n=13; middle aged: n=38; senior: 
n=19) or binaural (young: n=5; middle aged: n=46; senior: n=13) pure tone (young: n=12; middle aged: 
n=56; senior: n=21) or narrowband noise tinnitus (young: n=6; middle aged: n=28; senior: n=11). 
Usually, only one kind of tinnitus percept with a determinable center frequency was reported, even 
though in the case of a binaural percept the frequency could differ; only two patients (one middle 
aged and one senior) reported pure tone in one ear and narrowband noise in the other. Only the 
audiograms of the patients’ tinnitus-affected ears were used for the analyses described below, so 
different center frequencies of both ears did not affect the evaluation. The patients’ TF in the three 
age groups was not significantly different from each other (median frequency (interquartile range)): 
young: 4000 Hz (750 Hz, 8000 Hz); middle aged: 4000 Hz (2000 Hz, 6000 Hz); senior: 4000 Hz (1000 
Hz, 6000 Hz); Kruskal-Wallis ANOVA: H(2, 202)=2.30, p=0.32. The same was true for the tinnitus 
loudness, given in dB sensation level (dB SL) (young: 7 dB SL (0 dB SL, 10 dB SL); middle aged: 7.5 
dB SL (-3 dB SL, 15 dB SL); senior: 10 dB HL (2 dB SL, 19 dB SL); Kruskal-Wallis ANOVA: H (2, 
196)=2.97, p=0.23). Nevertheless, patients in the three age categories showed a significant different 
number (Χ² (20,136)=13.58, p=0.035) of non-auditory comorbidities (cf. Methods), these are 
summarized in Table 2. Trivially, with increasing age the number of non-auditory comorbidities rises 
significantly (Kruskal-Wallis ANOVA, H(3, 136)=14.93, p<0.001) and Multiple Comparison of means 
post-hoc tests show that young patients show significantly less non-auditory comorbidities than 
middle aged (p=0.015) or senior patients (p<0.001), while those two last groups did not show 
significant differences in comorbidity numbers (p=0.25). When analyzing the tinnitus frequency with 
these non-auditory comorbidity categories in the three age groups independently, we also did not 
see any significant differences between the median frequency of patients with different numbers of 
comorbidities (young: Mann-Whitney U-test, p=0.21; middle aged: Kruskal-Wallis ANOVA, H (3, 
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132)=6.12, p=0.11; senior: Kruskal-Wallis ANOVA, H (3, 47)=0.94, p=0.82). This is also true for the 
tinnitus loudness (young: Mann-Whitney U-test, p=0.48; middle aged: Kruskal-Wallis ANOVA, H (3, 
128) = 3.70, p=0.30; senior: Kruskal-Wallis ANOVA, H (3, 46)=3.54, p=0.32). In other words, neither 
tinnitus frequency nor tinnitus loudness did show any dependency on the patient’s age. 

Those 45 (33 %) tinnitus patients without any non-auditory comorbidities were seen as 
“standard tinnitus patients” to which the other comorbidity groups could be compared. In the young 
patients group, only data of patients with one non-auditory comorbidity could be compared to them. 
In the two other age groups, we could compare the data of patients with one to five non-auditory 
comorbidities to these “standard tinnitus patients”. 

3.2. Correlation of the Audiometric Data of Tinnitus Patients with and without the Presence of Non-
Auditory Comorbidities 

In first analyses, the pure tone air-conductance audiometric HL of the patients of the three age 
groups was assessed independently by two-factorial ANOVAs with the factors frequency and number 
of non-auditory comorbidities. As mentioned above, for the young patients group, only the comparison 
between zero and one comorbidity was possible. The results are summarized in Figure 1. In all patient 
groups we found a significant effect of the HL on frequency (not shown in Figure; young: F (10, 
374)=1.92, p=0.041; middle aged: F (10, 1826)=59.49, p<0.001; senior: F (10, 672)=35.90, p<0.001). We 
also found a dependency of the HL on the number of non-auditory comorbidities. In the young tinnitus 
patients, the mean HL was significant weaker with one of these comorbidities (Figure 1A, inset; F (1, 
374)=10.61, p=0.001), while the middle aged tinnitus patients did show a significantly increased HL 
with one non-auditory comorbidity (Figure 1B, inset; F (3, 1826)=5.05, p=0.002). Senior tinnitus 
patients showed a significant increased HL only with three or more non-auditory comorbidities 
(Figure 1C, inset; F (3, 672)=2.87, p=0.036). No interaction of the two factors could be found in the 
three age groups (Figure 1 A to C; young: F (10, 374)=0.22, p=0.99; middle aged: F (10, 1826)=0.69, 
p=0.90; senior: F (10, 672)=0.39, p=0.99). In other words, dependent on the tinnitus patients’ age and 
number of non-auditory comorbidities, the hearing thresholds can be significantly different, even if 
no further auditory comorbidities are present. Note, that only in the senior tinnitus patients we find 
a steadily increasing mean HL with increasing number of comorbidities while in the middle aged 
patients this dependency is non-linear and in young patients even inverted. 

It is well known that the maximum of the HL and the TF correlate with each other. Usually the 
TF is found to be at the frequency of the maximum HL but comorbidities and / or age might have an 
influence on this correlation. Therefore, we analyzed the HL dependent on the distance of the tested 
frequency to the determined tinnitus frequency (TF) given in octaves and the number of non-auditory 
comorbidities with independent ANOVAs for each age group. For better comparison, we used only 
the distance range of -4 to +2 oct relative to the TF, which includes 81.5% (1812/2222 data points) of 
the complete HL data provided above. The reasoning behind these analyses was to investigate if the 
HL – as mentioned above – is dependent on the distance to the TF and if this dependency is further 
dependent on the number of non-auditory comorbidities. We found, first, in young tinnitus patients the 
expected dependency of the HL on the distance to TF (Figure 1D, inset; F (6, 179)=3.46, p=0.003) with 
the maximum HL at +1 oct relative to the TF (Tukey post-hoc tests, p<0.05). No difference between 
HL without any non-auditory comorbidities and one comorbidity was found (not shown in Figure; 
F (1, 179)=0.002, p=0.97) and no significant interaction was found (Figure 1D; F (6, 179)=1.74, p=0.11). 
Second, in the middle aged tinnitus patients again the expected dependency of HL and distance to 
TF was found (Figure 1E, inset; F (6, 1174)=29.24, p<0.001) with the maximum HL at the TF (Tukey 
post-hoc tests, p<0.001). No difference in mean HL between the number of non-auditory 
comorbidities was found (not shown in Figure; F (3, 1174)=0.38, p=0.77) but we found a significant 
interaction of both factors (Figure 1E; F (18, 1174)=2.42, p<0.001). Tukey post-hoc tests indicated that 
especially the HL of the tinnitus patients without any non-auditory comorbidities showed a different 
peak-TF location compared to the other comorbidity groups (p<0.05). Finally, in the senior age group 
we found a sigmoidal shaped dependency of the HL on the distance to the TF (Figure 1F, inset; F (6, 
385)=15.10, p<0.001) with a maximum at the maximum of the investigated range of +2 oct relative to 
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TF (Tukey post-hoc tests, p<0.001). We also found a significant dependency on the number of non-
auditory comorbidities (not shown in Figure; F (3, 385)=7.63, p<0.001) with the “3+” category having 
significantly higher HL values compared to two of the other three categories (Tukey post-hoc tests, 
“0 vs. 3+” and “2 vs. 3+”, p<0.05; “1 vs. 3+”, p=0.075). The interaction of both factors did show a 
significant value as well (Figure 1F; F (18, 385)=3.48, p<0.001). Here the peak of the HL was at the TF 
for one and two non-auditory comorbidities, while for the two extreme cases (“0” and “3+”) the 
maximum HL was found at +2 oct relative to the TF (Tukey post-hoc tests, p<0.001). In other words, 
the statement that the maximum HL can be found at or around the TF is only partially true and 
dependent on the factor age and more importantly also on the number of non-auditory comorbidities. 
Again, no “simple” linear correlation of the data with the number of non-auditory comorbidities 
could be identified. 

 
Figure 1. Mean hearing loss dependent on number of non-auditory comorbidities. A Interaction plot 
of two-factorial ANOVA of the mean HL (dB) in young tinnitus patients (n=18) dependent on the 
factors frequency and number of non-auditory comorbidities (color-coded). The inset depicts the one-
factorial part of HL analysis with the factor number of non-auditory comorbidities; statistics are given on 
the side. B, C Same plots as described above for middle aged (n=85) and senior tinnitus patients (n=33), 
respectively. Asterisks in insets depict the level of significant Tukey post-hoc tests, * p<0.05. D, E, F 
Interaction plots of two-factorial ANOVAs on mean HL (dB) in tinnitus patients of different age 
groups dependent on the factors distance to tinnitus frequency (TF) given in octaves and number of non-
auditory comorbidities. The inset depicts the one-factorial part of HL analysis with the factor distance to 
TF; statistics are given on the side. For details of the analyses, see text. 

With this knowledge, we aimed to identify the possible non-auditory comorbidity (or 
comorbidities) that affected the HL in the different tinnitus patient age groups most. The non-
auditory comorbidities were separated into seven categories (cf. Methods). The patients’ mean HL of 
the different age groups was then analyzed by independent two-factorial ANOVAs with the factors 
frequency and non-auditory comorbidity presence (i.e., with or without the specific comorbidity). The 
results of all analyses are given in Table 3. Note that analyses were not possible in all age groups 
dependent on the specific non-auditory comorbidity; we refrained from using the data of the young 
patients completely (cf. Table 1). From the analyses it became obvious that frequency dependent HL 
was mostly independent from the non-auditory comorbidity in middle aged and senior tinnitus 
patients, as in all cases the “standard” HL-pattern of low HL in lower frequencies and higher HL in 
higher frequencies was either significant or showed a tendency (column frequency in Table 3). The 
analyses of the factor comorbidity presence resulted in a more differentiated picture. In the case of 
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diseases of the endocrine system / metabolism, patients of these two age groups with enough data 
for analysis showed significantly higher HL without that non-auditory comorbidity compared to 
patients with that specific comorbidity. In the remaining six categories of non-auditory comorbidities 
middle aged tinnitus patients showed higher HL with the specific comorbidity in two categories 
(digestive and muscle-skeletal system), senior patients showed this only with circulatory system 
comorbidities. Finally. We found interactions of both factors (i.e., frequency and presence of a 
comorbidity) only in one case, namely in middle aged tinnitus patients with or without muscle-
skeletal system comorbidities. In other words, in all other cases with significant differences in mean 
HL dependent on the non-auditory comorbidity the whole audiogram was shifted in a parallel 
manner, which was not the case in this specific group. 

Table 3. Results of two-factorial ANOVAs of HL dependent on frequency and non-auditory comorbidity 
presence. 

category  age group frequency comorbidity presence interaction 

en
do

cr
in

e 
sy

st
em

 
/ m

et
ab

ol
is

m
 

middle F(10, 1144)=7.64, p<0.001 
F(1, 1144)=7.69, p=0.006 

with (24): 12.97 dB 
without (61): 17.00 dB 

F(10, 1144)=0.73, p=0.70 

senior F(10, 694)=9.64, p<0.001 
F(1, 694)=4.55, p=0.034 

with (15): 20.73 dB 
without (18): 27.51 dB 

F(10, 694)=0.14, p=0.99 

ps
yc

hi
at

ri
c 

/ 
be

ha
vi

or
al

 

middle F(10, 1144)=16.06, p<0.001 
F(1, 1144)=1.11, p=0.29 

with (20): 15.44 dB 
without (65): 16.74 dB 

F(10, 1144)=0.40, p=0.95 

senior F(10, 694)=3.75, p<0.001 
F(1, 694)=0.02, p=0.88 
with (4):  27.05 dB 

without (29): 26.26 dB 
F(10, 694)=0.07, p=0.99 

ce
nt

ra
l n

er
vo

us
 

sy
st

em
 middle F(10, 1144)=9.19, p<0.001 

F(1, 1144)=0.87, p=0.35 
with (6): 18.17 dB 

without (79): 16.61 dB 
F(10, 1144)=0.06, p=0.99 

senior F(10, 694)=12.53, p<0.001 
F(1, 694)=1.96, p=0.16 

with (3): 26.65 dB 
without (30): 30.11 dB 

F(10, 694)=0.19, p=0.99 

ci
rc

ul
at

or
y 

sy
st

em
 middle F(10, 1144)=20.23, p<0.001 

F(1, 1144)=0.35, p=0.55 
with (22): 16.05 dB 

without (63): 16.78 dB 
F(10, 1144)=0,41, p=0.94 

senior F(10, 694)=12.65, p<0.001 
F(1, 694)=20.09, p<0.001 

with (19): 33.42 dB 
without (14): 22.39 dB 

F(10, 694)=1.32, p=0.22 

re
sp

ir
at

or
y 

sy
st

em
 middle F(10, 1144)=1.76, p=0.06 

F(1, 1144)=0.55, p=0.46 
with (5): 14.64 dB 

without (80): 16.74 dB 
F(10, 1144)=0.39, p=0.95 

senior F(10, 694)=17.19, p<0.001 
F(1, 694)=3.59, p=0.06 

with (5): 26.60 dB 
without (28): 30.37 dB 

F(10, 694)=0.33, p=0.97 

di
ge

st
iv

e 
sy

st
em

 

middle F(10, 1144)=3.81, p<0.001 
F(1, 1144)=3.95, p=0.047 

with (9): 22.23 dB 
without (76): 16.59 dB 

F(10, 1144)=0.14, p=0.99 

m
us

cl
e-

sk
el

et
al

 
sy

st
em

 middle F(10, 1144)=25.37, p<0.001 
F(1,1144)=66.60,p<0.001 

with (19): 26.12 dB 
without (66): 15.72 dB 

F(10, 1144)=2.29, p=0.01 

senior F(10, 694)=3.26, p<0.001 
F(1, 694)=1.06, p=0.30 

with (11): 31.32 dB 
without (22): 25.99 dB 

F(10, 694)=0.17, p=0.99 

Note: the numbers in brackets behind with/without give the patients numbers included. 

4. Discussion 

With this study we aimed to investigate if tinnitus patients with or without additional non-
auditory comorbidities show differences in hearing loss. In summary, we found significant 
differences in the hearing thresholds of tinnitus patients – dependent on their age – suffering from 
diseases of different kinds of comorbidity categories. Not all patients with non-auditory 
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comorbidities with significant effects on HL showed a decrease in their hearing ability, which may 
further increase the variance of studies on the hearing of patients with and without tinnitus. 

Generally speaking the investigation of comorbidities in tinnitus patients is not new as the 
heterogeneity of the symptom / disease is a well-known problem [26,27]. Several studies tried to 
explain the variance in tinnitus patients’ data with auditory or non-auditory diseases [34–36]. Some 
of them focused on psychiatric comorbidities only [e.g., 37,38,39] but other studies combined them 
with several other factors [e.g., 35,40]. In further approaches, the comorbidities were used, e.g., to 
assess the risk factors of developing bothersome tinnitus [41] or to compare it with other diseases like 
chronic pain [42–44]. 

We tried to select an as homogeneous tinnitus patient collective as possible with respect to the 
occurrence of auditory comorbidities (cf. Methods) to reduce any HL effects of these diseases. 
Nevertheless, we cannot rule out that some patients might have undetected or unreported auditory 
or non-auditory comorbidities, as we performed an analysis on the data the patient files provided. 
The analysis of the tinnitus related parameters like frequency and loudness did not show any 
difference between the patients of the three age groups. These parameters were also not affected by 
the number of non-auditory comorbidities, while the number of comorbidities did trivially depend 
on the patients’ age. Nevertheless, we did find a significant TF-distance dependency of the peak of 
the HL relative to age and number of non-auditory comorbidities. This could explain differences 
found in different tinnitus patient groups in other studies, where the TF did or did not match the 
maximum HL [45–48]. Furthermore, the also trivially age dependent mean HL across all frequencies 
did also show further dependencies on the number of non-auditory comorbidities. In a vicious circle, 
the increased number of such comorbidities might increase the individual stress which in turn might 
increase the vulnerability for further comorbidities and vice versa. This combinatory effect of age, 
possible stress and vulnerability and number of comorbidities might explain differences of reported 
effects on HL in tinnitus patients [e.g., 49,50] and therefore might add to the explanation of at least a 
part of the overall heterogeneity in the data reported in the literature.  

The attempt of the investigation of the single non-auditory comorbidity category effects on the 
HL (Table 3) has to be seen as a first analysis step. A more fine-grained investigation of single diseases 
in a larger patient collective and a comparison with non-tinnitus patients with the same non-auditory 
diseases might give much more insight in possible mechanisms on the effects of HL severity. 
Nevertheless, our approach on explaining a part of the variance of audiometric data in tinnitus 
patients revealed some candidate non-auditory comorbidity categories where such investigations 
might be fruitful. In our analyses especially the diseases of the endocrine or metabolic system had a 
strong – to our surprise positive – effect on the severity of the HL. This could indicate that there is a 
causal relationship here, rather than a simple aging effect. One possible explanation of this effect 
could be the patients receiving of medication (e.g. hormone substitutes) which in turn reduce stress 
[51] and therefore changes HL and / or the tinnitus percept. Negative effects on the hearing ability 
could be observed in the circulatory disease category in the elderly and muscle-skeletal system 
disease category as well as the digestive system disease category in the middle aged tinnitus patients. 
As the categories of the non-auditory comorbidities cover a wide range of individual diseases with 
different kind of expression strengths within each disease we refrain from providing any mechanistic 
or pathological explanation – but compare, e.g., [30,32] – although this rather is a phenomenological 
description. 

As mentioned above, to understand the effects of the different pathologies on the hearing 
thresholds of tinnitus and non-tinnitus patients much more focused prospective studies have to be 
performed. This study can only guide the focus on the problem of the data variance in tinnitus patient 
research and might lead to the effect that more attention is given to non-auditory comorbidities in 
further tinnitus patient studies. One candidate non-auditory comorbidity category includes diseases 
of the endocrine or metabolic system, which provides surprising results and should be investigated 
more thoroughly. 
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