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Abstract: Our objective was to study associations between demographics, tinnitus specific-, audiological-,
general- and mental health characteristics, and impact of tinnitus in the general population. In this
cross-sectional survey study in the Dutch population, data were prospectively gathered. Tinnitus
impact was assessed with the Tinnitus Functional Index (TFI). We included participants who experi-
enced tinnitus and for whom a total TFI score could be calculated (1 = 212). We performed univariable
and multivariable regression analyses. Due to logarithmical transformation, the B-scores were back-
transformed to show the actual difference in points on the TFI. People who considered hyperacusis a
small problem had a 12.5-point higher TFI score, those who considered it a mediocre problem had a
17.6-point higher TFI score and those who considered it a large problem had a 24.1-point higher TFI
score compared to people who did not consider hyperacusis a problem. People who indicated having
minor hearing problems had a 10.5-point higher TFI score, those with mediocre hearing problems
had a 20.4-point higher TFI score and those with severe hearing problems had a 41.6-point higher TFI
score compared to people who did not have subjective hearing problems. In conclusion, audiological
risk factors, such as hearing problems and hyperacusis, have the largest association with the impact
of tinnitus on daily life, compared to other assessed variables. The results of this study can be used in
future research to find targeted interventions to diminish the impact of tinnitus.

Keywords: tinnitus; tinnitus impact; TFI; associations; risk factors; tinnitus distress

1. Introduction

Tinnitus is a heterogeneous condition with considerable variations in onset, associated
comorbidities and experienced impact on daily life [1]. Previously, McCormack et al. de-
scribed a prevalence of tinnitus ranging between 5.1% and 42.7% in a systematic review [2].
However, not all individuals with tinnitus experience a negative effect on their daily life
because of their tinnitus. Recently, those who suffer from its impact were defined as having
a tinnitus disorder [3].

In their systematic review, Deklerk et al. described studies that assessed risk factors
for tinnitus presence. They described numerous risk factors in different domains, including
cardiovascular, psychological and neurological risk factors [4].

Factors associated with a larger experienced impact of tinnitus have also been de-
scribed in various domains. Stress and mental diseases, such as anxiety or depression, have
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been described as psychological risk factors [5-7]. Moreover, somatic factors, such as hear-
ing loss, or tinnitus specific risk factors, such as tinnitus loudness, have also been associated
with tinnitus impact [6-8]. Nonetheless, the various studies on associations or risk factors
and tinnitus impact have been performed in selected samples of patients [5-7,9], particu-
larly studies focusing on patients seeking help for tinnitus. However, not all individuals
who experience tinnitus seek help [10].

Detailed information about the associations between patient- and tinnitus-related
characteristics and the impact of tinnitus on daily life could be of interest. Because not
all people with tinnitus attend a healthcare provider, information about individuals with
tinnitus among the general population is needed. This information can be used as a basis
to design preventive strategies. Secondly, this could facilitate the identification of tinnitus
subtypes in order to stratify individual treatment pathways. Therefore, in this study, we
aim to provide insight into the associations between demographics, tinnitus characteristics,
audiological-, mental- and general health factors, and tinnitus impact in a random sample
of the general population.

2. Materials and Methods

This paper was written according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement [11].

2.1. Study Aim and Design

In this cross-sectional study, we aimed to assess risk factors with respect to the impact
of tinnitus on daily life in a sample of the general population. Data were prospectively
gathered with a postal or online survey (depending on the preference of the panel member)
in January-February 2020. We sent the postal survey on 14 January 2020, and one postal
reminder was sent on 30 January 2020. The online survey was sent on 16 January 2020,
with two online reminders on the 23 January 2020 and 30 January 2020. The final date to fill
out the survey was 14 February 2020. The survey was sent to members of the Nivel Dutch
Health Care Consumer panel [12]. This panel was founded to measure, at a national level,
opinions on and knowledge about health care, as well as expectations of and experiences
with health care [13].

The Consumer Panel is a so-called ‘access panel’. An access panel consists of a large
number of persons who have agreed to answer questions on a regular basis. In addition,
many background characteristics of these persons (for example age, level of education,
income and self-reported general health) are known. From the access panel, samples
can be drawn for separate surveys. It is not possible for people to sign up on their own
initiative. The panel is renewed on regular base. Renewal is necessary to make sure that
members do not develop specific knowledge of and attention to healthcare issues and that
no ‘questionnaire fatigue” occurs. Moreover, renewal compensates for panel members who,
for example, have died or moved without informing the panel of their new address [13].

This study is part of a larger study designed to describe tinnitus prevalence, tinnitus
characteristics and healthcare usage. The sample for this larger study included panel
members (n = 2251) who allowed for linkage of their survey answers with healthcare
consumption data as registered by their general practitioner [14]. We recently published
two studies on the same database [10,15]. The complete survey can be found in the appendix
of Rademaker et al. [10]. For the current study, we included only data of participants with
tinnitus for whom a total score of the impact of tinnitus on daily life measured by the
Tinnitus Functional Index (TFI) could be calculated [16].

2.2. Outcome
The Impact of Tinnitus on Daily Life

As part of the survey, the impact of tinnitus on daily life was assessed with the multi-
item TFI questionnaire [16]. Participants were asked to answer the TFI questions if they
were defined as having tinnitus based on the frequency and duration of the experienced



J. Clin. Med. 2022, 11, 4590

30f10

tinnitus, as previously described by Rademaker et al. [10]. To this end, people were
classified as having tinnitus when they experienced tinnitus for 5-60 min (daily or almost
daily or weekly) or >60 min or continuously (daily or almost daily or weekly or monthly).

25 questions on a 11-point Likert scale, make up the TFI. The final score alters between
0 and 100 [16]. A score between 0 and 17 can be interpreted as not a problem, 18-31 as a
small problem, 32-53 as a moderate problem, 54-72 as a big problem and 73-100 as a very
big problem [16,17]. The 25 questions of the TFI are a combination of scores of impact on
daily life out of eight subcategories (each subcategory is measured with 3 to 4 questions):
intrusiveness, sense of control, cognition, sleep, hearing, relaxation, quality of life and
emotions. The TFI was developed and validated in the USA, Tromp et al. translated it from
English to Dutch and validated the translation in 2014. The Dutch translation exhibits high
internal consistency (Cronbach’s alpha of 0.91 [16-18]).

2.3. Variables

The choice of variables to be addressed was based on known risk factors for tinnitus
impact reported in the literature and based on expert opinion. Please see Supplementary
Method S2 of Rademaker et al. for the exact wording of the questions and answer options
with respect to the categorical variables [10].

2.3.1. Tinnitus Specific Variables

The following items were assessed as tinnitus specific variables: being a help seeker
(defined as when participant had either sought help for tinnitus or planned to seek help
(yes/no)), tinnitus pattern (continuous/intermittent), subjective problem of tinnitus (no
problem/small problem/moderate problem/large problem/very large problem), when did
the tinnitus start (<3 months ago, 3-6 months ago, >6 months ago), whether the tinnitus
varied in loudness (yes/no) and the tinnitus pitch (high/average/low/I don’t know).

2.3.2. General Health Variables

The following general health item was assessed: subjective presence of chronic pain
(yes/no).

2.3.3. Mental Health Variables

Symptoms of anxiety and depression were measured with the Hospital Anxiety and
Depression Scale (HADS) [19,20]. This is a 14-item questionnaire that uses a four-point
scale to measure symptoms of anxiety (HADS-A; seven items) and depression (HADS-D;
seven items). The HADS was translated to Dutch and validated (Cronbach’s alpha 0.71 and
0.90 for HADS-A, HADS-D and total scale). The total scores for the anxiety and depression
scales range from 0 to 21. A score of > eight indicates a possible depression or anxiety [20].

2.3.4. Audiological Variables

We used the questions about whether sounds were a problem (no problem/small
problem/mediocre problem/large problem/very large problem), hereafter referred to as
hyperacusis, and the presence of hearing problems (no problems/small problems/mediocre
problems/severe problems/I hear nothing) as audiological variables.

2.3.5. Demographic Variables

The following items were assessed as demographic variables: age (at date of question-
naire submission), gender and level of education (low/middle/high). These were gathered
when participants joined the panel and were provided by Nivel for this study.

2.4. Data Handling and Ethics

Data were analyzed anonymously, and the privacy of the panel members is guaran-
teed, as is described in the privacy policy of the Dutch Health Care Consumer Panel [13].
This complies with the General Data Protection Regulation (GDPR). According to Dutch
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legislation, it is not obligatory to obtain informed consent or approval from a medical ethics
committee for research conducted through the panel (CCMO, 2020). The Medical Research
Ethics Committee (MREC) of the University Medical Center Utrecht (UMC Utrecht) con-
firmed on 20 November 2019, that the Medical Research Involving Human Subjects Act
(WMO) does not apply to this study and that therefore, official approval of the MREC is
not required under the Human Subjects Act (MREC local protocol number 19-745). This
study was performed according to the Declaration of Helsinki.

2.5. Statistical Analysis

Statistical analyses were performed with SPSS version 25.0.0.2. [21]. Normality of
variables was visually assessed. Frequencies, means, standard deviation (SD), medians
and interquartile ranges (IQR) were calculated for the variables of the total study group.
To assess the relative importance of the characteristics to the TFI score, both univariable
linear regression analyses and multivariable linear regression analyses were performed
(complete case). The following patient characteristics were assessed: gender, age, level
of education, tinnitus pattern, subjective problem of tinnitus, start of tinnitus, varying
loudness, tinnitus pitch, being tinnitus help seeker, having chronic pain, HADS-A and
HADS-D score, presence of hyperacusis and hearing problems. Based on expert opinion and
literature reports, in a second analysis, we adjusted for the following potential confounders:
gender, age and presence of hearing loss. Multivariable analyses were performed for all
above-mentioned variables to assess their effect on TFI score (except for the single-item score
of the subjective problem of tinnitus, as this outcome resembles the multi-item TFI score).
The risk factors of gender, age and presence of hearing loss were each corrected for the other
two potential confounders. To satisfy the assumption of normal distribution of residuals, the
TFI was logarithmically transformed. Afterwards, residuals were approximately normally
distributed. All other assumptions were satisfied. The outcomes were presented as B
(95% CI) of this logarithmic scale and back-transformed to show the actual difference in
points on the TFI scale according to each variable. Categorical variables were dummy-
coded. A p value of 0.05 or lower was considered statistically significant.

3. Results

The survey was sent to 2251 panel members. Nine hundred and thirty-two (41.4%)
panel members filled out the questionnaire. Out of these 932 respondents, 216 (23.2%)
participants were classified as a tinnitus participant based on the stated definition. We
were able to calculate the total TFI for 212 of 216 participants (98.1%, 4 missing); therefore,
212 participants were included in this study.

The mean age of the 212 participants was 66.2 (SD 10.8) years. A total of 122 of
212 (57.5%) were male. Among the participants, 135 (63.7%) had a continuous pattern of
tinnitus, compared to 77 (36.3%) who had an intermittent pattern. The loudness of the
tinnitus varied for 105 (49.5%) of the participants. A total of 72 of 212 (34.0%) participants
were defined as help seekers. A total of 35 of 212 (16.5%) of the participants experienced
chronic pain. Furthermore, 78 (36.8%) of 212 did not experience any hearing problems,
whereas 70 (33.0%) experienced small hearing problems, 47 (22.2%) experienced mediocre
problems, 13 (6.1%) experienced severe problems and 4 (1.9%) experienced complete
hearing loss (Answer option: “yes, I hear nothing”) (Table 1).

3.1. Outcomes of Univariable and Adjusted Analysis with Respect to TFI Outcomes
3.1.1. Demographic Variables

Age or gender were not statistically significantly associated with TFI score in the
univariable and adjusted analyses (age: univariable: B = —0.003 (95% CI —0.014-0.009),
p = 0.664, adjusted: —0.01 (—0.02-0.00), p = 0.49/gender: univariable (male = reference)
female B = 0.19 (95% CI —0.7-0.44), p = 0.15, adjusted B = 0.18 (95% CI —0.07-0.43), p = 0.16)
(Table 1).
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Table 1. Baseline characteristics, Univariable and Multivariable B-scores and back transformed TFI scores.

Univariable

Multivariable !

Multivariable

N (%) Median TFI Score Univariable (B (95% CT)) Back-Transformed (B (95% CI)) Back-Transformed
Demographic
Gender Male 122 (57.5) 14.2 (22.8) Ref Ref
Female 90 (42.5) 20.2 (20.2) 0.19 (—0.07-0.44) 0.18 (—0.07-0.43)
Missing/constant 0(0) 2.72) 3.19
1
(nAzgglz) Median (IQR) 66 (15) —0.003 (—0.01-0.01) —0.01 (—0.02-0.00)
Constant 297 3.19
Education Low 27 (12.7) 30.4 (46.1) 0.47 (0.08-0.86) * 23.8 0.45 (0.06-0.84) * 38.5
Middle 74 (34.9) 15.0 (20.0) 0.06 (—0.21-0.34) 0.07 (—0.20-0.34)
High 104 (49.1) 14.8 (21.7) Ref 14.9 Ref 245
Missing/constant 7(3.3) 2.70 3.20
Tinnitus specific
Pattern Continuous 135 (63.7) 20.0 (25.2) Ref 19.9 Ref 30.6
Intermittent 77 (36.3) 11.6 (16.2) —0.52 (—0.77-—0.27) * 11.8 —0.45 (—0.70-—0.20) * 19.5
Missing/constant 0(0.0) 2.99 342
Subjective problem No problem 50 (23.6) 7.4(6.1) Ref 6.5
Small problem 103 (48.6) 16.4 (15.6) 0.91 (0.68-1.14) * 16.2
Moderate problem 43 (20.3) 40.4 (33.6) 1.57 (1.29-1.84) * 31.3
Large problem 12 (5.7) 60.2 (11.1) 2.15(1.72-2.57) * 55.9
Very large problem 4(1.9) 73.6 (11.3) 243 (1.74-3.12) * 73.9
Missing/constant 0(0.0) 1.87
When did it start? <3 months ago 7(3.3) 8.8 (23.6) —0.44 (—1.14-0.26) —0.62 (—1.31-0.06)
3—6 months ago 94.2) 16.4 (25.7) 0.15 (—0.47-0.77) 0.22 (—0.38-0.81)
>6 months 196 (92.5) 17.7 (21.5) Ref Ref
Missing/constant 0(0.0) 2.81 3.29
Varying loudness No 99 (46.7) 14.0 (20.4) Ref 13.1 Ref 17.3
Yes 105 (49.5) 21.6 (27.4) 0.45 (0.20-0.70) * 20.6 0.36 (0.10-0.61) * 247
Missing/constant 8 (3.8) 2.57 2.85
Tinnitus pitch High 75 (35.4) 14.8 (22.0) Ref Ref
Average 73 (34.4) 15.6 (22.8) 0.04 (—0.26-0.34) 0.02 (—0.28-0.32)
Low 42 (19.8) 20.6 (28.3) 0.22 (—0.13-0.58) 0.21 (—0.14-0.56)
I don’t know 16 (7.5) 21.6 (18.6) 0.08 (—0.43-0.58) 0.01 (—0.49-0.51)
Missing/constant 6(2.8) 2.74 3.27
Tinnitus help seeker No 140 (66.0) 14.7 (19.1) Ref 13.7 Ref 215
Yes 72 (34.0) 22.8 (43.1) 0.55 (0.94-0.81) * 23.8 0.47 (0.21-0.73) * 343
Missing/constant 2.62 3.07
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Table 1. Cont.

Univariable

Multivariable !

Multivariable

N (%) Median TFI Score Univariable (B (95% CI)) Back-Transformed (B (95% CI)) Back-Transformed
General health

Chronic pain No 177 (83.5) 14.8 (19.0) Ref 15.3 Ref 23.5
Yes 35 (16.5) 31.6 (36.0) 0.46 (0.13-0.79) * 242 0.44 (0.12-0.76) * 36.4

Missing/constant 0(0.0) 2.73 3.16

Mental health
HADS-A ! (n = 207) Median (IQR) 3.0 (5.0) 0.12 (0.09-0.15) * 0.11 (0.08-0.14) *
Constant 2.34 2.14
HADS-D ! (n = 209) Median (IQR) 1.0 (5.0) 0.10 (0.07-0.13) * 0.09 (0.06-0.12) *
Constant 247 2.48
Audiological

Hyperacusis No, no problem 120 (56.6) 12.4 (15.3) Ref 12.5 Ref 227
Yes, small problem 45 (21.2) 20.4 (28.0) 0.50 (0.19-0.80) * 20.5 0.44 (0.14-0.75) * 35.2
Yes, mediocre problem 37 (17.5) 30.0 (41.8) 0.71 (0.39-1.03) * 254 0.58 (0.23-0.92) * 403
Yes, large problem 8(3.8) 53.6 (56.8) 0.99 (0.36-1.62) * 33.5 0.72 (0.07-1.38) * 46.8
Yes, very large problem 1(0.5) 21.1* 0.53 (—1.21-2.26) NS —0.18 (—2.30-1.95) NS

Missing/constant 1(0.5) 2.53 3.12
Hearing problem No, no problems 78 (36.8) 12.4 (14.9) Ref 12.2 Ref 242
Yes, small problems 70 (33.3) 19.8 (22.1) 0.36 (0.07-0.65) * 17.5 0.36 (0.07-0.7) * 34.7
Yes, mediocre problems 47 (22.2) 20.8 (35.2) 0.49 (0.16-0.82) * 19.99 0.61 (0.27-0.95) * 44.6
Yes, severe problems 13 (6.1) 47.6 (51.0) 0.82 (0.29-1.35) * 27.8 1.00 (0.45-1.55) * 65.8
Yes, I hear nothing 4(1.9) 39.0 (47.3) 1.06 (0.16-1.97) * 35.5 1.14 (0.22-2.05) * 75.7

Missing/constant 0(0.0) 2.51 3.19

* Statistically significant, p < 0.05; ** no IQR presented because n < 4. Ref = reference. The back-transformed TFI score was calculated with the reference value as zero in the case of a
statistically significant association. ! Corrected for age, gender and hearing problems. The variable age, gender and hearing problems themselves were corrected for the other two
problems (e.g., age was corrected for gender and hearing problems). For continuous risk factors, the back-transformed TFI score was based on the median score of the risk factor.
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3.1.2. Tinnitus Specific Variables

Participants with a continuous tinnitus pattern had a significantly higher TFI score in
the univariable and adjusted regression analyses than those with an intermittent tinnitus
pattern (univariable, B = —0.52 (95% CI —0.77-0.27), p = 0.000, adjusted: B = —0.45 (95% CI
—0.70-—0.20), p = 0.000). When back-transformed, this resulted in an 8.1-point higher score
on the TFI for a continuous pattern compared to an intermittent pattern in the univariable
analysis and a 11.1-point higher score in the adjusted analysis (Table 1).

In the univariable analysis, the score for the question about experiencing problems
with having tinnitus (scale 1 to 5; no problem to very large problem) was associated with
a higher TFI. When back-transformed, we found that the answer option “no problem”
corresponded to a TFI score of 6.5, “small problem” to a score of 16.2, “moderate problem”
to a score of 31.3, “’large problem” to a score of 55.9 and “'very large problem” to a score
of 73.9.

Individuals with a varying loudness of tinnitus had a significantly higher TFI score
than those with non-varying tinnitus loudness (univariate B = 0.45 (95% CI 0.19-0.70)
p = 0.000, adjusted: 0.36 (0.10-0.61) p = 0.006). This resulted in a 7.5-point higher TFI score
for a varying loudness compared to a non-varying loudness in the univariate analysis and
a 7.4-point difference in the adjusted analysis.

3.1.3. General Health Variable

Having chronic pain was associated with a higher TFI than not experiencing chronic
pain in univariable analysis (B = 0.46 (95% CI1 0.13-0.79), p = 0.007), as well as in the adjusted
analyses (B = 0.44 (95% CI 0.12-0.76), p = 0.008). This resulted in an 8.9-point higher score
on the TFI for participants with chronic pain compared to those without chronic pain in the
univariable analyses and 12.9 in the adjusted analyses.

3.1.4. Mental Health Variables

In the univariable and adjusted analyses, both the HADS-A and the HADS-D were
associated with a higher TFI score (HADS-A univariable B = 0.12 (95% CI 0.09-0.15),
p =0.000), HADS-D B = 0.10 (95% CI 0.07-0.13), p = 0.000/adjusted HADS-A B = 0.11
(95% CI1 0.08-0.14), p = 0.000, HADS-D B = 0.09 (95% CI 0.06-0.12), p = 0.000). Based on
the adjusted analyses, this resulted in a TFI score of 11.8 in those with a median HADS-A
score (3.0). If an individual’s HADS-A score increased by one (to 4.0), it would result in a
TFI score of 13.2. For the HADS-D, the median score was one. The TFI score was 13.1 for
those with a median HADS-D score (1.0) and 14.2 for those with an increase in the median
HADS-D score of one (2.0).

3.1.5. Audiological Variables

Having hyperacusis was associated with a higher TFI score in univariable and ad-
justed analyses (small problem: univariable B = 0.50 (95% CI 0.19-0.80), p = 0.001 (back-
transformed TFI = 20.5), adjusted B = 0.44 (95% CI 0.14-0.75), p = 0.005 (back-transformed
TFI = 35.2), mediocre problem: univariable B = 0.71 (95% CI 0.39-1.03), p = 0.000 (back-
transformed TFI = 25.4), adjusted B = 0.58 (95% CI 0.23-0.92), p = 0.001 (back-transformed
TFI = 40.3) and large problem: univariable B = 0.99 (95% CI 0.36-1.62), p = 0.002 (back-
transformed TFI = 33.5), adjusted B = 0.72 (95% CI 0.07-1.38), p = 0.031 (back-transformed
TFI = 46.8).

Hearing problems were associated with significantly higher TFI scores in both the
univariable and adjusted analyses (small problem: univariable B = 0.36 (95% CI 0.07-0.65),
p = 0.02 (back-transformed TFI = 17.5), adjusted B = 0.36 (95% CI 0.07-0.7), p = 0.016
(back-transformed TFI = 34.7), mediocre problems: univariable B = 0.49 (95% CI 0.16-0.82),
p = 0.003 (back-transformed TFI = 20.0), adjusted B = 0.61 (95% CI 0.27-0.95), p = 0.001
(back-transformed TFI = 44.6), severe problems: univariable B = 0.82 (95% CI 0.29-1.35),
p = 0.003 (back-transformed TFI = 27.8), adjusted B = 1.00 (95% CI 0.45-1.55), p = 0.000
(back-transformed TFI = 65.8), I hear nothing: univariable B = 1.06 (95% CI 0.16-1.97),
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p = 0.02 (back-transformed TFI = 35.5), adjusted B = 1.14 (95% CI 0.22-2.05), p = 0.015
(back-transformed TFI = 75.7).

4. Discussion

In this cross-sectional study of a general population sample, we assessed whether
several demographic-, tinnitus specific-, general- and mental health characteristics were
associated with the impact of tinnitus on daily life as measured with the TFL

We included different domains of variables in our survey. Audiological factors were
most important compared to the other assessed risk factors in terms of association with
tinnitus impact. Tinnitus specific characteristics seemed to be less important, which is in
line with the results of a study by Beukes et al. [9]. In this cross-sectional study in a hospital
population, the authors concluded that tinnitus-related comorbidities were more strongly
associated with tinnitus impact in comparison to demographic variables (including tinnitus
specific factors) [9].

When back-transformed, the variables of hearing loss, hyperacusis and chronic pain
had a difference of more than 13 points on the TFI between two answer options in the
multivariable analyses. A 13-point difference in TFI score is considered to be the minimal
clinically important difference to be perceived as an effect or change [17]. Therefore, these
factors can potentially make a difference in terms of an individual’s experienced impact of
tinnitus on daily life according to on our study results. These three factors have also been
identified as risk factors in other studies [9,22-24].

Anxiety and depression are commonly described to be associated with tinnitus [4]. In
our study, the association found between HADS-A and HADS-D and the TFI was relatively
small. This might be explained by several reasons, such as the nature of the sample (general
population) or by the fact that these measures only scored symptoms instead of having an
anxiety or a depressive disorder itself. In addition, we did not correct for any potential
treatment or medications for anxiety or depression that might have altered anxiety or
depressive symptoms and therefore the observed association.

The outcome of the single question, “how big of a problem is your tinnitus”, with a
scoring in five categories, was found to be associated with the scales of impact defined
for the TFI score [16,17]. Specifically, in three out of five categories, this single-item score
was very close or within the cut-off values of the originally defined TFI scales [17]. For
example, the answer option, ‘large problem’ on the single-item question predicted a TFI
score of 55.9 points, which falls within the range of the defined TFI scale ‘large problem’
(TFI score 54-72). Currently, lengthy questionnaires are used to assess tinnitus impact. The
results of our study could be of interest for population studies wherein tinnitus prevalence
and impact are assessed [2]. Rather than having to administer a lengthily questionnaire, a
single-item question may suffice.

The major strength of the current study is the assessment of associations with tinnitus
impact in a non-clinical sample. Nonetheless, certain limitations are applicable to our
study. First, although we invited a sample of the Dutch population to participate in our
survey, the response resulted in a sample of participants with a higher mean age than is
representative of the overall Dutch population [25]. Secondly, in survey research, there
is always a balance between the urge to ask more questions and the limitations of the
length of the questionnaire in terms of burden on the participant. The already-lengthy
questionnaire might have been of consequence to the limited response rate (41.4%). We only
asked participants who experienced tinnitus sounds of a certain frequency and duration
to fill out the TFI to measure the impact of tinnitus on daily life [10,15]. In hindsight, it
would have been interesting to assess the impact of the experienced tinnitus more broadly.
Consequently, we might have missed several participants who did not meet our criteria of
being a tinnitus participant but in whom tinnitus might have affected their daily life.

How can the outcomes of our study be used in clinical care and future research?
The associations we found highlight the effect of comorbidities on tinnitus impact, not
only in those who seek help but also in those in the general population. Based on the
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present study, we cannot draw any conclusions about the causality or mechanisms of the
found associations, nor about the appropriateness of findings fitting one of the current
pathophysiological models of tinnitus [26-28]. However, in clinical care, it might be helpful
to ask patients about the studied associations with tinnitus impact. Future preventive
measures for tinnitus impact might be targeted at the associations found in this study and
could be targeted toward these groups. However, whether therapy or preventive measures
that focus on common risk factors actually diminishes the impact of tinnitus on daily life
remains to be determined by further research.

5. Conclusions

In this study, we assessed associations between demographics, tinnitus specific-,
audiological-, general- and mental health factors, and the impact of tinnitus on daily life,
as measured with the TFI. Based on the ultimate effect on the TFI score of the different
variables, we can conclude that audiological variables, such as hearing problems and
hyperacusis, have the largest effects on the TFI compared to the other variables assessed.

Author Contributions: Conceptualization, M.M.R,, LS., A.L.S. and A E.M.B.; methodology, M.M.R,,
LS., ALS. and A.EM.B,; formal analysis. M.M.R. and 1.S.; investigation, MM.R,, LS., AL:S., A . EM.B.
and ].D.d.].; data curation, M.M.R,, LS., A EM.B. and ].D.d.].; writing—original draft preparation,
M.M.R,; writing—review and editing, 1.S., A.L.S., R].S., A EM.B. and ].D.d.].; visualization, M.M.R.,
LS. and A.L.S,; supervision, I.S. and A.L.S.; project administration, M.M.R,, LS. and A.L.S; funding
acquisition, LS., A.L.S. and R.J.S. All authors have read and agreed to the published version of
the manuscript.

Funding: The research was funded by Cochlear. The funder did not have any role in the study design,
collection, analyses or interpretation of the results.

Institutional Review Board Statement: Data were analyzed anonymously, and the privacy of the
panel members is guaranteed, as is described in the privacy policy of the Dutch Health Care Consumer
Panel. This complies with the General Data Protection Regulation (GDPR). According to Dutch
legislation, neither informed consent nor approval of a medical ethics committee is obligatory for
research conducted through the panel (CCMO, 2020).

Informed Consent Statement: Data were analyzed anonymously, and the privacy of the panel
members is guaranteed, as is described in the privacy policy of the Dutch Health Care Consumer
Panel. This complies with the General Data Protection Regulation (GDPR). According to Dutch
legislation, neither informed consent nor approval of a medical ethics committee is obligatory for
research conducted through the panel (CCMO, 2020).

Data Availability Statement: The datasets presented in this article are not readily available because
the Dutch Health Care Consumer Panel has a program committee, which supervises processing
of the data of the Dutch Health Care Consumer Panel and decides about the use of the data. This
program committee consists of representatives of the Dutch Ministry of Health, Welfare and Sport,
the Health Care Inspectorate, Zorgverzekeraars Nederland (Association of Health Care Insurers in
the Netherlands), the National Health Care Institute, the Federation of Patients and Consumer Organ-
isations in the Netherlands, the Dutch Healthcare Authority and the Dutch Consumers Association.
All research conducted within the Consumer Panel has to be approved by this program committee.
The committee assesses whether a specific research project fits within the aim of the Consumer Panel,
which is strengthened by the position of the healthcare user. Requests to access the datasets should
be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Cederroth, C.R; Gallus, S.; Hall, D.A,; Kleinjung, T.; Langguth, B.; Maruotti, A.; Meyer, M.; Norena, A.; Probst, T.; Pryss, R.; et al.
Editorial: Towards an Understanding of Tinnitus Heterogeneity. Front. Aging Neurosci. 2019, 11, 53. [CrossRef] [PubMed]

2. McCormack, A.; Edmondson-Jones, M.; Somerset, S.; Hall, D. A systematic review of the reporting of tinnitus prevalence and
severity. Hear. Res. 2016, 337, 70-79. [CrossRef] [PubMed]


http://doi.org/10.3389/fnagi.2019.00053
http://www.ncbi.nlm.nih.gov/pubmed/30941029
http://doi.org/10.1016/j.heares.2016.05.009
http://www.ncbi.nlm.nih.gov/pubmed/27246985

J. Clin. Med. 2022, 11, 4590 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.
28.

De Ridder, D.; Schlee, W.; Vanneste, S.; Londero, A.; Weisz, N.; Kleinjung, T.; Shekhawat, G.S.; Elgoyhen, A.B.; Song, ]J.J.;
Andersson, G.; et al. Tinnitus and tinnitus disorder: Theoretical and operational definitions (an international multidisciplinary
proposal). Prog. Brain Res. 2021, 260, 1-25. [PubMed]

Deklerck, A.N.; Debacker, ].M.; Keppler, H.; Dhooge, 1.].M. Identifying non-otologic risk factors for tinnitus: A systematic review.
Clin. Otolaryngol. 2020, 45, 775-787. [CrossRef]

Briiggemann, P.; Szczepek, A.].; Rose, M.; McKenna, L.; Olze, H.; Mazurek, B. Impact of Multiple Factors on the Degree of
Tinnitus Distress. Front. Hum. Neurosci. 2016, 10, 341. [CrossRef]

Hoekstra, C.E.L.; Wesdorp, EM.; van Zanten, G.A. Socio-demographic, health, and tinnitus related variables affecting tinnitus
severity. Ear Hear. 2014, 35, 544-554. [CrossRef]

Hesser, H.; Bankestad, E.; Andersson, G. Acceptance of tinnitus as an independent correlate of tinnitus severity. Ear Hear. 2015,
36, e176—e182. [CrossRef]

Kim, H.-J.; Lee, H.-].; An, S.-Y,; Sim, S.; Park, B.; Kim, SW.; Lee, ].S.; Hong, S.K.; Choi, H.G. Analysis of the prevalence and
associated risk factors of Tinnitus in adults. PLoS ONE 2015, 10, e0127578. [CrossRef]

Beukes, E.ZW.; Manchaiah, V.; Allen, PM.; Andersson, G.; Baguley, D.M. Exploring tinnitus heterogeneity. Prog. Brain Res. 2021,
260, 79-99.

Rademaker, M.M.; Stegeman, 1.; Brabers, A.E.M.; de Jong, J.D.; Stokroos, R.J.; Smit, A.L. Differences in characteristics between
people with tinnitus that seek help and that do not. Sci. Rep. 2021, 11, 22949. [CrossRef]

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.V]. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement: Guidelines for reporting observational studies. Lancet 2007, 370, 1453-1457. [CrossRef]
NIVEL Consumer Panel. Available online: https://nivel.nl/nl/consumentenpanel-gezondheidszorg/consumentenpanel-
gezondheidszorg (accessed on 25 September 2020).

Brabers, A.E.M.; Reitsma-van Rooijen, M.; de Jong, ].D. Consumentenpanel Gezondheidszorg: Basisrapport met informatie over
het panel. NIVEL. 2015. Available online: www.nivel.nl (accessed on 10 March 2022).

Hasselaar, J. NIVEL Primary Care Database. Available online: https://nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/nivel-
zorgregistraties-eerste-lijn (accessed on 20 April 2021).

Rademaker, M.M.; Smit, A.L.; Brabers, A.E.M.; de Jong, ].D.; Stokroos, R.J.; Stegeman, I. Using Different Cutoffs to Define Tinnitus
and Assess Its Prevalence—A Survey in the Dutch General Population. Front. Neurol. 2021, 12, 690192. [CrossRef] [PubMed]
Meikle, M.B.; Henry, J.A.; Griest, S.E.; Stewart, B.J.; Abrams, H.B.; McArdle, R.; Myers, PJ.; Newman, C.W,; Sandridge, S.; Turk,
D.C.; et al. The tinnitus functional index: Development of a new clinical measure for chronic, intrusive tinnitus. Ear Hear. 2012,
33, 153-176. [CrossRef]

Henry, J.A,; Griest, S.; Thielman, E.; McMillan, G.; Kaelin, C.; Carlson, K.F. Tinnitus Functional Index: Development, validation,
outcomes research, and clinical application. Hear. Res. 2016, 334, 58-64. [CrossRef] [PubMed]

Tromp, R. De Betrouwbaarheid en Validiteit van de Nederlandstalige Versie van de Tinnitus Functional Index (TFI). Master’s
Thesis, University Medical Center Groningen, Groningen, The Netherlands, 2014.

Spinhoven, P.; Ormel, J.; Sloekers, PP.A.; Kempen, G.L].M.; Speckens, A.EM.; VAN Hemert, A.M. A validation study of the
Hospital Anxiety and Depression Scale (HADS ) in different groups of Dutch subjects. Psychol. Med. 1997, 27, 363-370. [CrossRef]
Zigmond, A.S.S.R. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361-370. [CrossRef]

IBM Corp. IBM SPSS Statistics for Windows; IBM: Armonk, NY, USA, 2019.

Basso, L.; Boecking, B.; Brueggemann, P.; Pedersen, N.L.; Canlon, B.; Cederroth, C.R.; Mazurek, B. Subjective Hearing Ability,
Physical and Mental Comorbidities in Individuals with Bothersome Tinnitus in a Swedisch Population Sample. Prog. Brain Res.
2021, 260, 51-78.

Ausland, J.H.L.; Engdahl, B.; Oftedal, B.; Steingrimsdottir, O.A.; Nielsen, C.S.; Hopstock, L.A.; Johnsen, M.; Friborg, O.;
Rosenvinge, J.; Eggen, A.E.; et al. Tinnitus and associations with chronic pain: The population-based Tromse Study (2015-2016).
PLoS ONE 2021, 16, €0247880. [CrossRef]

Cederroth, C.R.; Lugo, A; Edvall, N.K,; Lazar, A.; Lopez-Escamez, ].-A.; Bulla, ].; Uhlen, I.; Hoare, D.J.; Baguley, D.M.; Canlon, B.;
et al. Association between hyperacusis and tinnitus. J. Clin. Med. 2020, 9, 2412. [CrossRef]

Central Bureau for Statistics Population Database. Available online: https://opendata.cbs.nl/statline/#/CBS/nl/dataset/3729
6ned/table?ts=1620224786139 (accessed on 10 March 2022).

McKenna, L.; Handscomb, L.; Hoare, D.J.; Hall, D. A scientific cognitive-behavioral model of tinnitus: Novel conceptualizations
of tinnitus distress. Front. Neurol. 2014, 5, 196. [CrossRef]

Cima, R.EF. Bothersome tinnitus: Cognitive behavioral perspectives. HNO 2018, 66, 369-374. [CrossRef] [PubMed]

Jastreboff, PJ. Phantom auditory perception (tinnitus)—Mechanisms of generation and perception. Neurosci. Res. 1990, 8, 221-254.
[CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/33637213
http://doi.org/10.1111/coa.13592
http://doi.org/10.3389/fnhum.2016.00341
http://doi.org/10.1097/AUD.0000000000000045
http://doi.org/10.1097/AUD.0000000000000148
http://doi.org/10.1371/journal.pone.0127578
http://doi.org/10.1038/s41598-021-01632-5
http://doi.org/10.1016/S0140-6736(07)61602-X
https://nivel.nl/nl/consumentenpanel-gezondheidszorg/consumentenpanel-gezondheidszorg
https://nivel.nl/nl/consumentenpanel-gezondheidszorg/consumentenpanel-gezondheidszorg
www.nivel.nl
https://nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/nivel-zorgregistraties-eerste-lijn
https://nivel.nl/nl/nivel-zorgregistraties-eerste-lijn/nivel-zorgregistraties-eerste-lijn
http://doi.org/10.3389/fneur.2021.690192
http://www.ncbi.nlm.nih.gov/pubmed/34456849
http://doi.org/10.1097/AUD.0b013e31822f67c0
http://doi.org/10.1016/j.heares.2015.06.004
http://www.ncbi.nlm.nih.gov/pubmed/26074306
http://doi.org/10.1017/S0033291796004382
http://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://doi.org/10.1371/journal.pone.0247880
http://doi.org/10.3390/jcm9082412
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37296ned/table?ts=1620224786139
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/37296ned/table?ts=1620224786139
http://doi.org/10.3389/fneur.2014.00196
http://doi.org/10.1007/s00106-018-0502-9
http://www.ncbi.nlm.nih.gov/pubmed/29713758
http://doi.org/10.1016/0168-0102(90)90031-9

	Introduction 
	Materials and Methods 
	Study Aim and Design 
	Outcome 
	Variables 
	Tinnitus Specific Variables 
	General Health Variables 
	Mental Health Variables 
	Audiological Variables 
	Demographic Variables 

	Data Handling and Ethics 
	Statistical Analysis 

	Results 
	Outcomes of Univariable and Adjusted Analysis with Respect to TFI Outcomes 
	Demographic Variables 
	Tinnitus Specific Variables 
	General Health Variable 
	Mental Health Variables 
	Audiological Variables 


	Discussion 
	Conclusions 
	References

