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Abstract

Objective: This study investigates associations of subjective hearing ability, physical
comorbidities, and mental comorbidities with bothersome (vs. non-bothersome) tinnitus
and mediating effects between these influences.

Methods: The Swedish LifeGene cohort was used to sample cross-sectional survey data
(collected 2009-2016) of 7615 participants with tinnitus, 697 (9.2%) of whom rated their tin-
nitus as bothersome. Associations between bothersome tinnitus and subjective hearing ability,
physical and mental comorbidities were investigated by separate age- and gender-adjusted
multiple logistic regression models. Interrelationships between these associations were inves-
tigated by logistic mediation models.

Results: Compared to non-bothersome tinnitus, bothersome tinnitus was associated with higher
age, reduced subjective hearing ability, hearing-related difficulties in social situations, cardiovas-
cular disease, chronic shoulder pain, thyroid disease, Méniére’s disease, depression, anxiety
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syndrome, and social anxiety. Subjective hearing impairment or hearing-related difficulties me-
diated 13-36% of the effects of mental comorbidities on bothersome tinnitus. Depression or anx-
iety syndrome mediated 5-8% of most relationships between physical comorbidities and
bothersome tinnitus. Depression, anxiety syndrome, or social anxiety mediated 2—4% of the ef-
fects of subjective hearing impairment or hearing-related difficulties on bothersome tinnitus.

Conclusion: Psychological factors, subjective hearing impairment, and hearing-related dif-
ficulties in social situations play key roles in predicting bothersome (vs. non-bothersome) tin-
nitus in a large population sample. Psychological factors contribute to explaining the impact of
physical comorbidities and hearing-related effects on bothersome tinnitus. This highlights
their transdiagnostic importance for aggravating varied physical symptom clusters. Interven-
tions to improve or prevent high tinnitus burden should be interdisciplinary/multimodal and
target auditory, physical, and psychological factors.

Keywords

Bothersome tinnitus, Physical comorbidity, Mental comorbidity, Hearing ability, Mediation
analysis

Introduction

Tinnitus, commonly defined as the sensation of sound without a corresponding
external acoustic source, can lead to considerable distress (Tyler and Baker, 1983)
and an increased risk for suicide attempts (Lugo et al., 2019; Seo et al., 2016). Most
individuals who are affected by tinnitus, however, report not to be bothered by it;
e.g., in a study by Kim et al. (2015) in the South Korean population, 69.2% of subjects
with tinnitus reported no tinnitus-related annoyance, 27.9% slight annoyance, and 3.0%
severe annoyance. Regarding factors that distinguish between low levels of tinnitus-
related distress (non-bothersome tinnitus) and high levels of tinnitus-related distress
(bothersome tinnitus), influences of psychological factors such as maladaptive coping
styles (Beukes et al., 2018; Budd and Pugh, 1996), cognitive factors (Caldirola et al.,
2016; Lee et al., 2004; Weise et al., 2013), and stress (Baigi et al., 2011; Ciminelli
etal.,2018; Kim et al., 2015) have been identified. Moreover, rates of mental comorbid-
ities are high among individuals with tinnitus and they seem to correlate with tinnitus
severity (Pinto et al., 2014). Anxiety disorders (45% lifetime prevalence; Pattyn et al.,
2016) and depressive disorders (33% median prevalence; Salazar et al., 2019) are most
predominant. It is also known that certain physical conditions are associated with tinni-
tus; see Table 1 for an overview of physical and mental comorbidities with associations to
tinnitus (and potentially bothersome tinnitus) which are included in the present study.

The presence of physical symptoms can lead to psychosocial distress, and previ-
ous studies report associations between somatic complaints and tinnitus-related
distress (Brueggemann et al., 2016; Hoekstra et al., 2014; Sahin et al., 2016;
Stobik et al., 2005). Furthermore, there is strong evidence from research on chronic
pain disorders that psychological processes can play a major role in the perception
and chronification of physical symptoms (Borsook et al., 2018; Nees and Becker,
2018), and not surprisingly, tinnitus and chronic pain share many neurological
similarities (Rauschecker et al., 2015).



Table 1 Selected physical and mental comorbidities with associations to tinnitus.

Physical comorbidities

Hypertension
Hyperlipidemia

Cardiovasculardisease®

Asthma

Diabetes

Thyroiddisease

Chronicshoulder pain

Arthritis (osteoarthritis/
rheumatoid arthritis)®

Systemiclupuserythematosus
Migraine/Headache
Méniere’s disease®

Epilepsy

Multiple sclerosis

Fibromyalgia
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Bothersome tinnitus is likely to be influenced by auditory and other physical fac-
tors as well as psychological factors. Previous studies that have investigated factors
which can influence tinnitus-related distress have either looked at single factors
(Ciminelli et al., 2018; Sahin et al., 2016) or multiple factors, e.g., in multivariate
regression approaches (Brueggemann et al., 2016; Hoekstra et al., 2014; Kim
etal.,2015), but how influences of different factors might affect each other has rarely
been explored.

The current study aims not only to investigate the contributions of subjective
hearing ability, physical symptoms, and mental symptoms in the prediction of both-
ersome (vs. non-bothersome) tinnitus in a large Swedish population sample, but also
possible interrelationships between these factors by using mediation analysis. Medi-
ation analysis is a method to assess whether the relationship between an independent
variable (e.g., migraine) and a dependent variable (e.g., bothersome tinnitus) is
mediated, i.e., fully or partly explained by another variable (e.g., depression).
Any variable that is related to the dependent and affected by the independent variable
can be a potential mediator. In mediation analysis, it is assessed via three regression
equations whether the relationship between the independent and the dependent var-
iable changes when the mediator is controlled: if the relationship is reduced, the
mediator partially accounts for the relationship; if the relationship is no longer pre-
sent, the mediator fully accounts for it (Baron and Kenny, 1986). For example, Probst
et al. (2016) found that the relationship between tinnitus loudness and tinnitus
distress is partially mediated by stress level and emotional state.

The main objective of this study is to identify physical and mental comorbidities
that are related to bothersome tinnitus (compared with non-bothersome tinnitus) and
to investigate mediating effects by mental comorbidities. In addition, we also include
subjective hearing ability in our analyses, as hearing impairment is a well-known risk
factor for tinnitus (Henry et al., 2005; Shore et al., 2016) which might potentially
mediate the effects of certain comorbidities on bothersome tinnitus. On the other
hand, the influence of subjective hearing ability might also be mediated by the pres-
ence of mental comorbidities. Moreover, since the risk of tinnitus seems to increase
with age, and conflicting findings have been made regarding tinnitus severity and
gender (McCormack et al., 2016), we include these factors as covariates in our an-
alyses. We hypothesize that the presence of mental comorbidities is strongly linked
to bothersome tinnitus and partly explains the effects of physical comorbidities and
subjective hearing impairment on bothersome tinnitus.

Method
Study design and sample

This study used cross-sectional survey data from the LifeGene cohort, a random
sample from the Swedish general population (Almqvist et al., 2011; LifeGene,
2017). Recruitment of participants for LifeGene took place via invitation letters
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to randomly selected households (subjects aged 18-50years), spontaneous online
registration (for subjects aged >18 years), or invitation by other participants (with
the possibility for parents to invite their children; Almqvist et al., 2011; LifeGene,
2017). Other than age (invitation letters) and living in Sweden, no exclusion
criteria were applied.

For this study, retrospective data of the LifeGene baseline survey (collected
between 2009 and 2016) were used, which is a web-based epidemiological survey
spanning different health-related themes (LifeGene, 2017). Of the N=31,926 partic-
ipants who completed the survey, participants without tinnitus were excluded, lead-
ing to the final sample of N=7615 (23.9%) of participants who reported to have
tinnitus (“Is there a constant ringing in the ears or do you have any other bothersome
sound in the ears [tinnitus]?””). The dependent variable for all analyses was the rating
of the tinnitus as bothersome (N =697; 9.2%) or non-bothersome (N =6918; 90.8%).
The same sample was used in Basso et al. (2020). The onset of the tinnitus and the
percentage of study participants in clinical care due to their tinnitus are not known
from the data.

On average, participants were 35.80years old (SD =12.44, range: 11-84 years),
and 56.5% (N=4301) were female. Forty-three participants (0.6%) were younger
than 18 years. Sample characteristics regarding marital status, education level,
and employment status can be found in Table 2. Informed consent was obtained
from all participants (for participants <18 years, consent was provided by the par-
ents). In addition, the local ethics committee “Regionala etikprovningsnamnden” in
Stockholm approved the project (2015/2129-31/1).

Variables

The LifeGene survey consists of various modules (LifeGene, 2017). All data used
in this study were taken from the medical history module of the LifeGene survey
(self-reported data).

2.2.1 Outcome variable

All participants who gave affirmative responses to the survey question on tinnitus
(“Is there a constant ringing in the ears or do you have any other bothersome sound
in the ears [tinnitus]?”’) were included in the study. Response options distinguished
between “sometimes, but the sound doesn’t bother me” and “all the time, the sound is
very bothersome” which were classified as non-bothersome tinnitus and bothersome
tinnitus, respectively.

2.2.2 Predictors

Predictors included physical and mental comorbidities and subjective hearing
(subjective hearing ability and hearing-related difficulties in social situations). Phys-
ical and mental comorbidities were assessed by the question: “Which of the following
diseases do you currently have or have you had?”. All comorbidities included in this
study can be found in Table 1. Angina, myocardial infarction, and cardiac arrhythmia
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Table 2 Sample characteristics: marital status, education level,
and employment status.

Variable Percentage (%) N
Marital status 7381
Cohabiting 33.4 2544
Married 25.0 1904
Single 24.0 1824
Living apart 9.5 722
Separated/divorced 4.7 359
Widowed 0.3 25
Same-sex marriage 0.04 3
Education level 7438
University 61.7 4696
Secondary school 24.9 1896
Primary school (Qyears) 2.7 205
Other 8.4 641
Employment status 6726
Employed 53.7 4090
Student 15.0 1140
Running owned or part-owned company 7.8 592
Age pension 3.5 264
Unemployed 3.0 225
Parental leave (for 2 months or longer) 2.2 165
Sick leave (for 2 months or longer) 0.8 63
Early retirement due to illness/disability 0.7 57
On leave 0.1 10
Housewife/-man 0.1 10
Other 14 110

were combined into cardiovascular diseases. Méniere’s disease was included even
though it is not strictly a comorbidity of tinnitus, but a disease which tinnitus can
be part of. Regarding arthritis, the survey differentiated between osteoarthritis and
rheumatoid arthritis, which has not been done consistently in the literature. In total,
15 physical and 9 mental comorbidities were analyzed.

Subjective hearing ability (“How is your hearing?”’) could either be rated as
“good,” “somewhat reduced” or “very reduced,” but for our analyses, the latter
two categories were combined into “reduced hearing ability”. For the assessment
of hearing-related difficulties in social situations, we calculated a mean score
across the following items: “Do you have difficulties hearing when speaking to
one person in a silent room?”, “Do you have difficulties hearing when speaking
to multiple people at the same time?”, “Do you have difficulties hearing when
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speaking to someone in city traffic?”, “Do you have difficulties hearing where
different sounds come from, e.g., cars in traffic?”” and “Do you have problems with
your hearing and are therefore avoiding meeting people?” with the response
options “yes, very difficult” (3), “sometimes, a little difficult” (2), and “no, not at
all” (1). The mean score was then dichotomized into the presence or absence of
hearing-related difficulties.

Statistical analysis

Statistical analyses comprised descriptive analyses, logistic regression models, and
logistic mediation models and were computed using IBM SPSS Statistics (v. 25) for
Windows 7. The significance level was set to a=0.05.

2.3.1 Descriptive analyses

Pearson’s Chi-Square tests (with continuity correction where applicable) and ad-
justed residuals (ARs) were used to assess frequency differences between bothersome
and non-bothersome tinnitus. Significant differences in category frequencies are pre-
sent if ARs>1.96 or < —1.96. Age was not normally distributed, but moderately
right-skewed (skewness=0.949, SE=0.028) and heavy-tailed (kurtosis=0.494,
SE =0.056), Kolmogorov-Smirnov test: D(7615)=0.11, P <0.001. Therefore, the
non-parametric Mann-Whitney-U test was used for its comparison between non-
bothersome and bothersome tinnitus.

2.3.2 Logistic regression models

Associations with bothersome (vs. non-bothersome) tinnitus were identified using
separate age- and gender-adjusted multiple logistic regression models for (1) subjec-
tive hearing (subjective hearing ability and hearing-related difficulties in social
situations), (2) physical comorbidities (see Table 1), and (3) mental comorbidities
(see Table 1), respectively. Odds ratios (ORs) with 95%-CIs were calculated for
all predictors, and Nagelkerke R? and effect size f (Cohen, 1992, 1988) were used
for model comparison. Regarding the assumptions of logistic regression, all variance
inflation factor (VIF) values were <1.4 (no multicollinearity among predictors), and
the predictor age was linearly related to the log odds (Box-Tidwell approach). Con-
cerning outliers, no cases with studentized residuals greater than 3 were present; cases
with studentized residuals greater than 2 were not excluded (N=267 in model 1;
N =490 in model 2; N=490 in model 3).

2.3.3 Logistic mediation models

Interrelationships between factors that significantly predicted bothersome (vs. non-
bothersome) tinnitus in regression analyses were further analyzed in logistic mediation
models, as described by Herr (2006), based on equations from Mackinnon and Dwyer
(1993). Logistic mediation models analyzed: (A) if subjective hearing ability mediated
the relationship between mental comorbidities and bothersome tinnitus; (B) if mental
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A B
X: Mental Y: Bothersome X: Physical Y: Bothersome
Comorbidities c Tinnitus Comorbidities c Tinnitus
M: Mental
M: Heari
=2lng Comorbidities
a b a b
X: Mental Y: Bothersome X: Physical Y: Bothersome
Comorbidities o Tinnitus Comorbidities o Tinnitus
Cc
T Y: Bothersome
HGNE c Tinnitus
M: Mental
Comorbidities
a b
X: Hearing ¥ Bgthgrsome
c' Tinnitus

FIG. 1

Conceptual models of the performed mediation analyses. X=predictor, M =mediator,

Y =outcome. Coefficient ¢ designates the total effect of the respective X on

Y (ignoring M); coefficient a is the effect of X on M, coefficient b is the effect of M on

Y (controlling for X); coefficient ¢’ designates the direct effect of X on Y when M is controlled;
and a x b reflects the indirect or mediation effect.

comorbidities mediated the relationship between physical comorbidities and bother-
some tinnitus; and (C) if mental comorbidities mediated the relationship between sub-
jective hearing ability and bothersome tinnitus (see Fig. 1). The following standardized
coefficients were calculated: coefficient ¢ designates the rotal effect of the predictor var-
iable on the outcome (ignoring the mediator); coefficient a is the effect of the predictor
on the mediator; coefficient b is the effect of the mediator on the outcome (controlling
for the predictor); and coefficient ¢’ reflects the direct effect of the predictor on the out-
come when the mediator is controlled for; see Fig. 1. The product of the coeffi-
cients @ and b reflects the mediation effect (or indirect effect of the predictor on
the outcome), which was divided by the total effect ¢ to calculate the percentage
of the total effect being mediated (Baron and Kenny, 1986; Herr, 2006). The Aroian
version of the Sobel test (Aroian, 1947) was used to assess significance, as
suggested by Baron and Kenny (1986).

Response rates were high; 99.6% (6 variables) or 99.5% (18 variables) for physical
and mental comorbidities, 97.6% for subjective hearing ability, and 83.8% for hearing-
related difficulties in social situations (and complete data for age and gender). Overall,
1.0% of values were missing.
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Results
Descriptive analyses

The proportion of female participants did not differ between participants with
bothersome (56.4%) and non-bothersome tinnitus (56.5%). On average, participants
with non-bothersome tinnitus were 35.26years old (SD=12.07, median=32),
and participants with bothersome tinnitus were 41.16years old (SD=14.58,
median=40), U=1,847,821, P <0.001. Compared to participants with non-
bothersome tinnitus, participants with bothersome tinnitus more often reported re-
duced subjective hearing ability (ARs=16.9), more hearing-related difficulties
in social situations (ARs=11.3), higher frequencies of chronic shoulder pain
(ARs=6.6), hypertension (AR = 3.9), osteoarthritis (ARs = 5.3), cardiovascular disease
(ARs=4.6), thyroid disease (ARs=4.0), hyperlipidemia (ARs=4.6), fibromyalgia
(ARs=4.0), Méniere’s disease (ARs =4.0), as well as higher frequencies of depression
(ARs=3.9), burnout (ARs=4.1), panic (ARs=2.3), anxiety syndrome (ARs=3.6),
social anxiety (ARs=4.0), and posttraumatic stress disorder (ARs=2.3); see Table 3.

Logistic regression models

The control variable age had significant influences in all three regression models (in-
dividuals with higher age had increased odds of reporting bothersome tinnitus), while
gender showed no influence for the prediction of bothersome (vs. non-bothersome)
tinnitus.

3.2.1 Subjective hearing

Both subjective hearing ability and hearing-related difficulties in social situations
significantly predicted bothersome tinnitus (vs. non-bothersome tinnitus), X 2(4) =
309.11, P <0.001, Nagelkerke R2:0.101,f = 0.34, see Table 4, model 1.

3.2.2 Physical comorbidities

Of the investigated physical comorbidities, chronic shoulder pain, cardiovascular
disease, thyroid disease, and Méniere’s disease significantly predicted bothersome
tinnitus (vs. non-bothersome tinnitus), X2(17):182.12, P <0.001, Nagelkerke
R2:0.052,f: 0.23, see Table 4, model 2.

3.2.3 Mental comorbidities

Of the investigated mental comorbidities, depression, anxiety syndrome, and social
anxiety significantly predicted bothersome tinnitus (vs. non-bothersome tinnitus),
X3(11)=166.26, P <0.001, Nagelkerke R =0.047, f = 0.22, see Table 4, model 3.

Logistic mediation models

Standardized coefficients and standard errors of all significant mediation models can
be found in Table 5.
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Table 3 Frequencies of subjective hearing ability and hearing-related
difficulties in social situations, physical and mental comorbidities in
participants with non-bothersome and bothersome tinnitus.

Non-
bothersome Bothersome
Variable tinnitus tinnitus e P
Hearing
Subjective hearing ability*** | N=6754 N=676 285.11 | <0.001
Good 68.5% (4629) 36.1% (244)
Reduced 31.5% (2125) 63.9% (432)
Hearing-related difficulties N=5742 N=637 127.09 | <0.001
in social situations***
No 44.5% (2557) 21.2% (135)
Yes 55.5% (3185) 78.8% (502)
Physical comorbidities N=6882 N=695
Migraine 14.8% (1016) 16.7% (116) 1.70 0.193
Chronic shoulder pain*** 5.3% (367) 11.5% (80) 42.30 <0.001
Osteoarthritis*** 4.7% (323) 9.4% (65) 27.25 <0.001
Fibromyalgia*** 0.8% (54) 2.3% (16) 14.27 <0.001
Epilepsy 0.7% (47) 1.3% (9) 2.44 0.118
Rheumatoid arthritis 0.6% (39) 0.7% (5) 0.06 0.808
Méniére’s disease*** 0.2% (13) 1.0% (7) 13.10 <0.001
Systemic lupus erythematosus | 0.1% (5) 0.0% (0) <0.00 |1
Multiple sclerosis 0.1% (10) 0.0% (0) 0.21 0.647
N=6886 N=695
Asthma 11.2% (774) 11.9% (83) 0.24 0.621
Hypertension*** 5.8% (399) 9.5% (66) 14.39 <0.001
Hyperlipidemia*** 3.1% (211) 6.3% (44) 19.73 <0.001
Cardiovascular disease*** 4.0% (277) 7.8% (54) 20.34 <0.001
Diabetes 0.6% (41) 0.6% (4) <0.00 | 1
Thyroid disease*** 3.6% (251) 6.8% (47) 15.43 <0.001
Mental comorbidities N=6882 N=695
Depression*** 20.4% (1405) 26.8% (186) 14.95 <0.001
Burnout*** 10.1% (697) 15.1% (105) 16.02 <0.001
Panic* 11.1% (763) 14.0% (97) 4.89 0.027
Anxiety syndrome*** 10.0% (688) 14.4% (100) 12.60 <0.001
Social anxiety*** 3.4% (231) 6.3% (44) 15.18 <0.001
Obsessive-compulsive disorder | 2.0% (140) 2.7% (19) 1.18 0.277
Posttraumatic stress 1.6% (107) 2.7% (19) 4.67 0.031
disorder*
Bipolar disease 0.8% (52) 1.0% (7) 0.24 0.622
Agoraphobia 0.6% (38) 1.0% (7) 1.51 0.219

Note. Pearson X2 tests with continuity correction. Bold factors indicate significant differences in

frequencies.

P <0.001, ¥* P <0.01, * P <0.05.
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Table 4 Logistic regression models for the prediction of bothersome tinnitus
(vs. non-bothersome tinnitus): subjective hearing (model 1), mental
comorbidities (model 2), and physical comorbidities (model 3).

Variable

Model 1 (N =6250)
Constant

Age***

Gender

Subjective hearing
ability***
Hearing-related
difficulties in social
situations***

Model 2 (N =7577)
Constant

Agerr*

Gender

Migraine

Asthma
Hypertension
Chronic shoulder
pain***
Osteoarthritis
Cardiovascular disease*
Thyroid disease*
Hyperlipidemia
Fibromyalgia
Epilepsy
Rheumatoid arthritis
Diabetes

Méniere's disease*
Systemic lupus
erythematosus
Multiple sclerosis
Model 3 (N =7577)
Constant

Age***

Gender
Depression*
Burnout

Panic

B

—-3.96
0.02

0.97

0.48

—3.49
0.03

0.63

0.40
0.39

1.23

—-3.75
0.04

0.22

SEp

0.15
<0.01

0.11

0.12

0.14
<0.01

0.14

0.16
0.17

0.50

0.14
<0.01

0.1

Wald’s
XZ

668.25
55.41

83.44

16.25

609.14
78.29

20.80

6.07
5.19

6.14

727.39
141.57

3.91

P

<0.001
<0.001

<0.001

<0.001

<0.001
<0.001

<0.001

0.014
0.023

0.013

<0.001
<0.001

0.048

OR

0.02
1.02

2.65

1.61

0.03
1.03

1.88

1.49
1.48

3.42

0.02
1.04

1.25

95%-Cl
1.02 | 1.03
215 | 3.26
1.28 | 2.04
1.02 | 1.04
1.43 | 2.47
1.08 | 2.04
1.06 | 2.08
1.29 | 9.05
1.03 | 1.04
1.00 | 1.56
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Table 4 Logistic regression models for the prediction of bothersome tinnitus
(vs. non-bothersome tinnitus): subjective hearing (model 1), mental
comorbidities (model 2), and physical comorbidities (model 3).—cont'd

Wald’s
Variable B SEp | x? P OR 95%-ClI

Anxiety syndrome* 0.32 0.14 5.04 0.025 1.38 | 1.04 | 1.83
Social anxiety* 0.45 0.19 5.50 0.019 1.57 | 1.08 | 2.30

Obsessive-compulsive
disorder

Posttraumatic stress
disorder

Bipolar disease
Agoraphobia

Note. Only significant results are displayed. OR =0dds ratio.
R P <0.001, ¥* P <0.01, * P <0.05.

3.3.1 X: Mental comorbidities, M: Subjective hearing, Y: Bothersome
tinnitus (vs. non-bothersome tinnitus)

Subjective hearing ability mediated 13% of the effect of depression on bothersome
tinnitus, P =0.020, and 19% of the effect of social anxiety on bothersome tinnitus,
P =0.004. Hearing-related difficulties in social situations mediated 36% of the ef-
fect of depression, P < 0.001, 20% of the effect of anxiety syndrome, P =0.001, and
31% of the effect of social anxiety, P <0.001, on bothersome tinnitus.

3.3.2 X: Physical comorbidities, M: Mental comorbidities, Y: Bothersome
tinnitus (vs. non-bothersome tinnitus)

Depression mediated 5% of the effect of cardiovascular disease, P =0.012, and 5%
of the effect of thyroid disease, P =0.019, and 8% of the effect of chronic shoulder
pain, P =0.003, on bothersome tinnitus. Anxiety syndrome mediated 5% of the ef-
fect of cardiovascular disease, P =0.018, and 7% of the effect of chronic shoulder
pain, P =0.006, on bothersome tinnitus. Social anxiety mediated 6% of the effect of
chronic shoulder pain, P =0.007, on bothersome tinnitus.

3.3.3 X: Subjective hearing, M: Mental comorhbidities, Y: Bothersome
tinnitus (vs. non-bothersome tinnitus)

Depression mediated 2% of the effect of hearing-related difficulties in social situa-
tions, P =0.037, on bothersome tinnitus. Anxiety syndrome mediated 2% of the ef-
fect of hearing-related difficulties in social situations, P =0.034, on bothersome
tinnitus. Social anxiety mediated 2% of the effect of subjective hearing ability,
P =0.028, and 4% of the effect of hearing-related difficulties in social situations,
P =0.007, on bothersome tinnitus.



Table 5 Standardized coefficients and standard errors of significant mediation effects.

Predictor (X)

Depression
Social anxiety
Depression

Anxiety syndrome
Social anxiety

Cardiovascular disease
Thyroid disease
Chronic shoulder pain
Cardiovascular disease
Chronic shoulder pain
Chronic shoulder pain

Hearing-related difficulties in
social situations

Hearing-related difficulties in
social situations

Hearing-related difficulties in
social situations

Subjective hearing ability

Mediator (M)

Subjective hearing ability
Subjective hearing ability

Hearing-related difficulties in
social situations

Hearing-related difficulties in
social situations

Hearing-related difficulties in
social situations

Depression
Depression
Depression
Anxiety syndrome
Anxiety syndrome
Social anxiety
Depression

Anxiety syndrome
Social anxiety

Social anxiety

Effect of

XonM
a SE
0.032 | 0.013
0.039 | 0.013
0.100 | 0.014
0.049 | 0.014
0.075 | 0.016
0.050 | 0.014
0.044 | 0.014
0.140 | 0.013
0.059 | 0.017
0.126 | 0.016
0.106 | 0.025
0.121 | 0.017
0.079 | 0.023
0.196 | 0.040
0.099 | 0.083

Effect of
MonY
controlled
for X

b SE

0.331 | 0.021
0.330 | 0.021
0.282 | 0.026
0.284 | 0.026
0.282 | 0.026
0.075 | 0.020
0.076 | 0.020
0.063 | 0.021
0.066 | 0.019
0.057 | 0.020
0.062 | 0.017
0.046 | 0.021
0.055 | 0.020
0.059 | 0.018
0.059 | 0.017

Effect of
XonY

c SE
0.079 | 0.020
0.068 | 0.017
0.079 | 0.020
0.070 | 0.019
0.068 | 0.017
0.078 | 0.017
0.070 | 0.018
0.108 | 0.017
0.078 | 0.017
0.108 | 0.017
0.108 | 0.017
0.285 | 0.026
0.285 | 0.026
0.285 | 0.026
0.333 | 0.021

Effect of X on
Y controlled
for M

c SE

0.063 | 0.020
0.059 | 0.017
0.046 | 0.021
0.055 | 0.020
0.059 | 0.018
0.075 | 0.017
0.067 | 0.018
0.100 | 0.017
0.076 | 0.017
0.102 | 0.017
0.104 | 0.017
0.282 | 0.026
0.284 | 0.026
0.282 | 0.026
0.330 | 0.021

Note. X=predictor, M=mediator, Y=outcome (bothersome tinnitus).
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Discussion
Prevalence

The prevalence of bothersome tinnitus (N=697) was 2.2% in the total population
sample and 9.2% in the tinnitus sample. Many studies found similar prevalence rates
(1.2-3%) of bothersome tinnitus in the population (Gallus et al., 2015; Michikawa
et al., 2010; Nondahl et al., 2011), while others report higher rates of 5.8-7%
(Park et al., 2014; Ramage-Morin et al., 2019). This variance might result from
the different study populations as well as from the varying definitions of
“bothersome” tinnitus: tinnitus posing a big or very big problem (Gallus et al.,
2015), tinnitus interfering with concentration or sleep (Michikawa et al., 2010), tin-
nitus in its worst form being severe (Nondahl et al., 2011), tinnitus in daily life being
annoying (irritating) or severely annoying and causing sleep problems (Park et al.,
2014), or tinnitus being bothering by affecting sleep, concentration or mood
(Ramage-Morin et al., 2019).

Age and gender

The prevalence of bothersome tinnitus did not differ between genders. This
is in accordance with other studies that report equal rates of bothersome or fre-
quent tinnitus in both genders (Axelsson and Ringdahl, 1989; Park et al.,
2014; Shargorodsky et al., 2010). However, conflicting findings exist as well
(McCormack et al., 2016). The relationship between older age and bothersome tin-
nitus is consistent with several other findings (Gallus et al., 2015; Kim et al., 2015;
Park et al., 2014; Shargorodsky et al., 2010), but not all (Jalessi et al., 2013). In
addition, we found distinct effects of both higher age and reduced subjective hear-
ing ability on bothersome tinnitus in the regression analysis. Higher age might
therefore increase the risk of bothersome tinnitus independently of age-related
hearing loss—for example via age-related life changes that can negatively affect
the quality of life (e.g., functional loss), which may in turn increase tinnitus-related
distress (Henry et al., 2005).

Subjective hearing

Reduced hearing ability (OR =2.65 [2.15, 3.26]) was associated with bothersome tin-
nitus, in accordance with other cross-sectional population studies (Kim et al., 2015;
Park et al., 2014; Shargorodsky et al., 2010). In addition, we found an effect of
hearing-related difficulties in social situations (OR =1.61 [1.28, 2.04]). Of the three
regression models, subjective hearing (model 1) showed the highest goodness-of-
fit (Nagelkerke R* = 0.101), with a medium effect size (f = 0.34), in the prediction
of bothersome vs. non-bothersome tinnitus. Hearing impairment may exert direct
influences on tinnitus-related distress as well as indirect ones via increased psycholog-
ical distress in social situations, possibly leading to impaired social functioning.
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Previous research found that 45% of individuals with bothersome tinnitus report a
weak sense of community belonging (Ramage-Morin et al., 2019), highlighting the
importance to address social functioning in treatment interventions.

The effects of hearing-related difficulties in social situations on bothersome
tinnitus were partially mediated by depression (2%), anxiety syndrome (2%),
and social anxiety (4%). The latter also partially mediated the effects of subjective
hearing impairment (2%). On the other hand, subjective hearing ability partially
mediated the effects of depression (13%) and social anxiety (19%) on bothersome
tinnitus. Moreover, hearing-related difficulties in social situations mediated the
effects of depression (36%), anxiety syndrome (20%), and social anxiety (31%)
on bothersome tinnitus by a large degree. These results suggest that impaired sub-
jective hearing ability and hearing-related difficulties in social situations exert
indirect effects on bothersome tinnitus through their impact on emotional factors.
At the same time, mental comorbidities seem to exert indirect effects on bother-
some tinnitus through their impact on subjective hearing ability and hearing-
related difficulties in social situations. Hearing and emotional factors hence appear
highly interconnected.

These results implicate the need for thorough distinctions between subjective
and objective hearing ability. With objective hearing loss, hearing aid provision
in tinnitus patients may reduce tinnitus-related distress not only through direct
effects of improved hearing but also through minimizing the negative effects of
reduced hearing ability on emotional wellbeing (e.g., due to social withdrawal).
In contrast, subjective hearing impairment might represent a coping strategy under
depressogenic strain. Moreover, emotional factors can influence the way hearing
impairment is dealt with by the affected individual and may, for example, under-
lie the disinclination to wear hearing aids. Given the strong interrelationships
between subjective hearing and mental symptoms, measures to restore hearing
and psychological interventions should ideally be combined to stimulate mutual
transfer effects.

Physical comorbidities

Cardiovascular disease (OR =1.49 [1.08, 2.04]), chronic shoulder pain (OR =1.88
[1.43, 2.47]), thyroid disease (OR=1.48 [1.06, 2.08]), and Ménicre’s disease
(OR =3.42 [1.29, 9.05]) were associated with the presence of bothersome (vs. non-
bothersome) tinnitus. For the physical comorbidities model (model 2), the effect size
was small (f = 0.23).

Associations between cardiovascular diseases and tinnitus have been reported in
the literature, e.g., for congestive heart failure in elderly patients (Borghi et al.,
2011), or coronary artery disease in different study populations (Fujii et al., 2011;
Lin et al., 2018; Michikawa et al., 2010). In line with our result, some studies found
specific relationships of cardiovascular diseases with bothersome tinnitus. In a cross-
sectional study, Park et al. (2014) found a strong effect of a history of cardiovascular
disease for the prediction of annoying tinnitus after multivariable adjustment. Nondahl
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et al. (2002) found an association between a history of cardiovascular disease and the
prevalence of “significant” tinnitus (at least moderately severe and/or causing sleep
problems), as well as a predictive association between higher cholesterol levels
(a cardiovascular risk factor) and the 5-year incidence of ‘“significant” tinnitus.
Stobik et al. (2005) found higher rates of cardiovascular diseases among patients with
severe (decompensated) tinnitus than those with mild (compensated) tinnitus. More-
over, cardiovascular disease and depression are interrelated, and evidence exists for
biological and behavioral mechanisms linking both conditions (Seligman and
Nemeroff, 2015). In the present study, the effects of cardiovascular disease on both-
ersome tinnitus were partially mediated by depression (5%) and anxiety syndrome
(5%), highlighting the importance of considering psychological factors in somatic
conditions.

In line with our findings, Kuttila et al. (2005) found that shoulder pain is pre-
dictive of recurrent tinnitus. In their general population sample, 53% of individuals
with recurrent tinnitus reported shoulder ache at least twice a month. Two other
(relatively old) studies that report findings on shoulder pain and tinnitus cannot
be interpreted clearly because of confounding issues. Bjorne and Agerberg
(1996) found that patients with Méniere’s disease more often report neck or shoul-
der pain than control subjects, yet this difference might be attributable to other
symptoms in the patient group than tinnitus. Ren and Isberg (1995) found higher
frequencies of back or shoulder pain in patients with tinnitus and internal derange-
ment of the temporomandibular joint than a control group, but in their sample, this
difference might be explained by age. As we controlled for age in our analyses, our
findings suggest an age-independent effect of shoulder pain. However, the presence
of temporomandibular joint dysfunction was not assessed in our sample. Moreover,
research on neck and shoulder pain has identified psychosocial risk factors,
e.g., psychological distress (Menendez et al., 2015; Siivola et al., 2004; Skov
et al., 1996), and evidence suggests positive effects of psychosocial interventions
for the management of musculoskeletal pain (Babatunde et al., 2017). Thus, links
between bothersome tinnitus and shoulder pain are likely to be influenced by psy-
chological factors and our result supports this notion, as effects of chronic shoulder
pain on bothersome tinnitus were partially mediated by depression (8%), anxiety
syndrome (7%), and social anxiety (6%).

Previous research found an association between tinnitus and thyroid diseases
(Kim et al., 2015). Furthermore, causal relationships between hypothyroidism and
hearing loss are known (Anand et al., 1989; Coelho et al., 2020; Mahafzah et al.,
2018; Malik et al., 2002; Sharlin et al., 2018; Uziel et al., 1985). Tinnitus was found
to improve in 57% (Malik et al., 2002) or 62% (Singh et al., 2019) of patients with
hypothyroidism after thyroxine substitution therapy. Moreover, thyroid function and
depression are related; both hypothyroidism and hyperthyroidism can lead to depres-
sive symptoms, and depression can also be associated with subclinical thyroid
abnormalities (Hage and Azar, 2012). Consistent with these connections, we found
that the effects of thyroid disease on bothersome tinnitus were partially mediated by
depression (5%).
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Furthermore, our findings suggest that tinnitus in individuals with Méniére’s dis-
ease might be perceived as particularly bothersome. The effect of Méniére’s disease
was the strongest of all predictors with an OR of 3.42—indicating that the risk of
bothersome compared to non-bothersome tinnitus is three times higher in individuals
with Méniére’s disease than in individuals without the disease. This effect is in line
with a previous report of more severe tinnitus in patients with Méniere’s disease
compared to patients with tinnitus and noise-induced or age-related hearing loss
(Stouffer and Tyler, 1990). Moreover, in a sample of patients with long-standing
Méniére’s disease, tinnitus was rated by 19% as their most severe symptom, and
10% reported a severe or very severe impact of tinnitus on their life (Yoshida
et al., 2011). In a cross-sectional study, higher tinnitus severity was associated with
advanced stages of Méniére’s disease/higher levels of hearing loss (Romero Sanchez
etal.,2010). The impact of tinnitus also seems to be influenced by other symptoms of
Méniére’s disease such as aural pressure and gait problems (Yoshida et al., 2011).
Our analysis revealed no mediating effects of psychological symptoms on the rela-
tionship between Méniere’s disease and bothersome tinnitus. This might suggest that
the presence of other symptoms of Méniére’s disease is more relevant for tinnitus
severity in these patients than psychological symptoms.

In sum, cardiovascular disease, chronic shoulder pain, and thyroid disease seem
not only to exert direct influences on bothersome tinnitus but also indirect ones
through their associations with emotional factors.

Mental comorbidities

Depression (OR =1.25[1.00, 1.56]), anxiety syndrome (OR =1.38 [1.04, 1.83]), and
social anxiety (OR=1.57 [1.08, 2.30]) were associated with the presence of bother-
some (vs. non-bothersome) tinnitus. For the mental comorbidities model (model 3),
the effect size was small (f = 0.22).

These results are consistent with a systematic review by Pinto et al. (2014) who
concluded that the comorbid presence of anxiety or depression is associated with
higher tinnitus severity and annoyance. The relationship between mental illness
and tinnitus is bidirectional, as mental conditions may impair the stress tolerance
and thus lead to higher distress in tinnitus patients; tinnitus-related distress on the
other hand can lead to psychological symptoms or increase the severity of pre-
existing ones (Pinto et al., 2014; Ziai et al., 2017).

Our results suggest that depression and anxiety can aggravate negative hearing-
related effects and negative effects of physical symptoms on bothersome (vs. non-
bothersome) tinnitus. These findings implicate that states of emotional distress are
important treatment targets in individuals with bothersome tinnitus. The improve-
ment of affective and anxiety symptoms by psychological treatment interventions
like cognitive-behavioral therapy (CBT) is likely to exert not only direct effects
on tinnitus-related distress but also indirect ones by reducing negative influences
of physical symptoms, subjective hearing impairment, or hearing-related difficulties
in social situations.
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Clinical implications

Our findings point to the issue that the distinction between physical and mental
conditions is not as clear as suggested by diagnostic classification systems, since
many conditions share both physical and psychological aspects. Generally, three
different relationships between chronic physical diseases and mental conditions
are possible (Turner and Kelly, 2000): (1) Chronic physical diseases can lead to
the manifestation of mental conditions, often depression or anxiety. (2) In individ-
uals with pre-existing mental conditions, the development of a chronic physical
disease can aggravate their symptoms. (3) If physical symptoms in individuals
with chronic diseases worsen or new ones develop, this can constitute an expres-
sion of emotional distress (Turner and Kelly, 2000). In the clinical care of chronic
tinnitus patients, these possible connections between tinnitus and mental health
need to be addressed.

Furthermore, recent literature has begun to address the limitations of traditional
diagnostic classification systems for mental disorders which classify psychopathol-
ogy in distinct categories that are not based on evidence (Hofmann, 2014; Kotov
et al., 2017). New approaches include empirically-based frameworks such as struc-
tural approaches using dimensional classification (Kotov et al., 2017), theory-based
cognitive behavior classifications (Hofmann, 2014), or network approaches (Fried
et al., 2017).

Dimensional classification approaches are based on the assumption that psycho-
pathology lies on a continuum and can be described by different dimensions in a sys-
tematic hierarchy (Kotov et al., 2017; Lahey et al., 2017). It has been proposed that a
hierarchical taxonomy consisting of a general psychopathology factor encompassing
several dimensions/spectra (internalizing, thought disorder, disinhibited externaliz-
ing, antagonistic externalizing, detachment, and somatoform) comprised of different
syndromes is suitable to characterize the majority of psychopathology (Kotov et al.,
2017). In line with this approach, Ivansic et al. (2019) found that mental health in
tinnitus patients can best be described by a general psychopathology factor and a so-
matization factor. They found that the expression of the general psychopathology
factor was as high in severe tinnitus as in depressed patients, but more pronounced
in mild tinnitus than in healthy controls. The somatization factor, on the other hand,
was higher in both mild and severe tinnitus than in depressed patients or healthy con-
trols (Ivansic et al., 2019).

The cognitive-behavioral approach, on which CBT is built, looks at psychopathol-
ogy as complex causal networks (Hofmann, 2014). In this framework, certain triggers
(moderated by attentional processes and trait cognitions) can activate maladaptive cog-
nitive processes, which in turn lead to psychological distress manifesting as a specific
interplay of subjective experiences, physiological symptoms, and behavioral responses
(Hofmann, 2014). The focus of this approach lies on cognitive processes and their con-
sequences for emotion regulation, which have proven to be important—and modifiable
by CBT—for many different mental conditions (Hofmann et al., 2012; Hofmann,
2014). CBT also is known to have a positive effect on tinnitus management
(Martinez-Devesa et al., 2010).
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In a similar approach, the network perspective conceptualizes psychopathology
as complex dynamic networks of mutually interacting symptoms (Fried et al., 2017).
In this conceptualization, comorbidity between different mental conditions is
thought to be explained by interactions between symptoms, in that the presence
of a specific disorder can lead to the manifestation of another disorder via bridge
symptoms (Fried et al., 2017). With this approach, the high comorbidity among se-
vere tinnitus and mental disorders could potentially be explained by shared bridge
symptoms (e.g., insomnia, concentration problems). Moreover, network approaches
have the potential to predict transitions from a healthy network state to a disease state
(Fried et al., 2017; van de Leemput et al., 2014), e.g., from mild to severe tinnitus-
related distress, which has high clinical relevance.

In sum, all of these approaches appear suitable to better conceptualize tinnitus-
related distress (emotions, cognitions, reactions), comorbid mental and physical
symptoms, and their interrelationships than current diagnostic classification systems.
In line with Stobik et al. (2005), we argue that bothersome tinnitus should be under-
stood as a complex psychosomatic phenomenon including somatic, auditory, and
psychosocial aspects, which can mutually reinforce each other. Consistent with this
view, our results implicate the need for multimodal psychosomatic treatment for
bothersome tinnitus in an interdisciplinary setting. Treatment-induced reductions
of affective or anxiety symptoms by CBT can directly improve tinnitus-related dis-
tress as well as reduce negative effects of comorbid physical symptoms and hearing-
related effects, whereas measures to restore hearing impairment have the potential to
decrease aggravated negative effects of mental symptoms. Thus, multimodal treat-
ment approaches combining psychological interventions, hearing aid provision, and
medical treatment of comorbid physical symptoms appear to have the highest clin-
ical potential to alleviate tinnitus-related distress.

Limitations

Limitations of this study include its cross-sectional design and the fact that all vari-
ables were measured via self-report and single-item questions. Validated information
on medical diagnoses, objective data from audiometric testing, and standardized as-
sessment of tinnitus burden via psychometric questionnaires would constitute pref-
erable sources in terms of reliability and validity. Moreover, other psychological
factors known to be related to bothersome tinnitus, e.g., coping styles or cognitive
factors, could not be investigated in this study as they were not assessed by the
survey. However, we expect that the inclusion of such factors would have improved
the prediction of bothersome (vs. non-bothersome tinnitus), rather than changing the
nature of our results. As the sample was large, heterogeneous, and, for some part,
randomly recruited from the general population, selection biases do not seem likely.
However, distorting influences based on self-selection by spontaneous online regis-
tration cannot be excluded. Moreover, results might not extend to other cultural
contexts. Overall, the magnitude of the effects was rather small (the effect sizes
of the regression models were small or medium, and the highest percentage of an
effect being mediated was 36%).
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Conclusion

Psychological factors and hearing-related difficulties play key roles in predicting both-
ersome tinnitus (vs. non-bothersome tinnitus) in a large population sample. As hypoth-
esized, our results suggest that psychological factors partially contribute to explaining
the impact of physical comorbidities and hearing-related effects on bothersome tinni-
tus. This highlights their transdiagnostic importance for aggravating varied physical
symptom clusters and offers useful targets for psychological treatment strategies. Sub-
jective hearing impairment and hearing-related difficulties in social situations, on the
other hand, seem to partially explain the impact of mental comorbidities on bother-
some tinnitus. Overall, these findings implicate the need for interdisciplinary multi-
modal treatment approaches for patients with bothersome tinnitus, combining
psychological interventions, the provision of hearing aids, and medical treatment of
comorbid physical symptoms in order to achieve the highest clinical efficacy.
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