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Abstract

Tinnitus is defined as the conscious awareness of a tonal or composite noise in the absence of
a corresponding external acoustic source. This international multicentre, parallel-arm,
superiority, randomised controlled trial investigated whether combination therapies are superior
to single interventions in the treatment of chronic subjective tinnitus. Tinnitus patients were
recruited from five clinical sites across the EU and randomly assigned using a web-based
system, stratified by their hearing and distress level, to single or combination treatment of 12
weeks. Cognitive-behavioural therapy, hearing aids, app-based structured counselling, or app-
based sound therapy were administered either alone or as a combination of two treatments
resulting in ten treatment arms. App-based treatments were delivered without direct contact or
guidance from clinicians. The primary outcome was the difference in the change from baseline
to week 12 in the total score of the Tinnitus Handicap Inventory (THI) between single and
combination treatments in the intention-to-treat population. All statistical analysis were
performed blinded to treatment allocation. 674 patients of both sexes aged between 18 and 80
years were screened for eligibility. 461 participants (190 females) with chronic subjective
tinnitus and at least mild tinnitus handicap were enrolled, 230 of which were randomly assigned
to single and 231 to combination treatment. Least-squares mean changes from baseline to week
12 were -11.7 for single treatment (95% confidence interval [CI], -14.4 to -9.0) and -14.9 for
combination treatments (95% Cl, -17.7 to -12.1), with a statistically significant group difference
(p=0.034). Cognitive-behavioural therapy and hearing aids alone had large effect sizes, which
could not be further increased by combination treatment. No serious adverse events occurred.
In this trial involving patients with chronic tinnitus, all treatment arms showed improvement in
THI scores from baseline to week 12. Combination treatments showed a stronger clinical effect
than single treatment, however, no clear synergistic effect was observed when combining
treatments. Instead, we observed a compensatory effect, where a more effective treatment
offsets the clinical effects of a less effective treatment. ClinicalTrials.gov Identifier:
NCT04663828.
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Introduction

Tinnitus is defined as “the conscious awareness of a tonal or composite noise for which there
is no identifiable external acoustic source”,! with an estimated prevalence of 14.4% (95%
confidence interval [CI], 12.6 to 16.5) in the global population, with 2.3% (95% CI, 1.7 to 3.1)
being severely affected.? Severe tinnitus is associated with emotional stress, cognitive
dysfunction, and/or autonomic arousal, leading to maladaptive behavioural changes and
functional disability.

Numerous causes and risk factors for tinnitus have been identified,® whereby peripheral and
central mechanisms are involved in its emergence and maintenance, exemplified by
pathological alterations in the ear, along the auditory pathway*, as well as in non-auditory brain
regions.> There is a broad spectrum of aetiologies, phenotypes, and underlying
pathophysiological mechanisms of tinnitus. Many adults with chronic tinnitus report having
tried multiple tinnitus treatments before finding a treatment that reduces their tinnitus distress.®
Despite the availability of treatment guidelines,”® clear guidance on which treatment strategy
is best for the individual patient is not yet available. A viable option for clinical management
could be the combination of different treatment options to target various facets of this symptom
simultaneously.

However, studies on the effectiveness of combining clinical interventions are scarce.®!
Prominent examples of combining different treatment types are represented by the combination
of acoustic therapy with directive counselling as implemented in the Tinnitus Activities
Treatment!? or the Tinnitus Retraining Therapy.*3

The primary objective of the current trial was to investigate if combination treatments are more
effective than single treatments for patients with chronic tinnitus. Four established treatment
strategies were selected: cognitive-behavioural therapy (CBT), hearing aids (HA), app-based
structured counselling (SC), and app-based sound therapy (ST).2* Participants were randomised
either to a single treatment out of this set of treatments or to a combination of two treatments.

4
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Further, we attempt to overcome methodological weaknesses'® of previous trials by
investigating a large multinational sample of tinnitus patients, using harmonised patient

selection and screening procedures, as well as standardised interventions and assessments.

Results

Between Apr 16, 2021, and Sept 20, 2022, 674 persons with tinnitus were assessed for
eligibility, of whom 461 (68.3%) fulfilled the inclusion criteria and consented to participate.
After randomisation, 230 were allocated to single treatments and 231 were allocated to
combination treatments (Figure 1).

The initial planned sample size for the trial was 500 patients.*® Since our study plan required a
recruitment of an exact number of patients with specific tinnitus profiles (eligibility criteria and
stratification proceedings), plus the trial was performed during the COVID-19 pandemic with
country-specific hospital policies, recruitment and inclusion processes lasted longer than
expected. Hence, we closed the trial in December 2022 with N = 461 included and treated
patients, in order to keep to the schedule of our funding period (Granada: 89, Athens: 99,
Leuven: 74, Regensburg: 100, Berlin: 99). A post hoc power computation indicates that with a
two-tailed alpha level of less than 5%, the available sample size of N = 461 provides our trial
with 79.5% power to detect an effect size of 0.26.

Table 1 shows the baseline characteristics by treatment arm. Mean baseline THI total scores
were 48.5 (SD 19.5) in the single treatment group and 47.4 (SD 19.9) in the combined treatment
group. Except for age and hearing aid indication, the baseline characteristics were generally
well balanced between the treatment arms (see Table 1 and Table S6). Both age and hearing aid
indication were considered as covariates during statistical analyses. The difference in hearing
aid indication results from randomising only individuals with relevant hearing loss to HA

treatment arms. Results of audiometric measurements are shown in Figure S2 and S3.
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Participants’ baseline characteristics were similar to the group of persons with tinnitus seeking
medical help in the general population (Table S7).

Regarding the primary objective, the least-squares mean change from baseline to week 12 in
the THI total score was -11.7 (95% CI -14.4 to -9.0) for the single treatment groups and -14.9
(95% CI, -17.7 to -12.1) for the combination treatment arms (see Figure 2 & Table 2)
(interaction effect [single vs. combination treatments at final visit vs. baseline] B = 3.2, 95%
Cl,0.2t0 6.1, p =0.034).

Model parameters and model assumptions for the primary objective can be found in Table S8
and Figure S4. The least-squares mean change from baseline to week 12 in the THI total score
for the single vs. combination treatment comparison for each treatment strategy is reported in
Table 2, and separately for every treatment arm in Table 3 and Figure S5; and further separated
by hearing aid indication in Table S9 and tinnitus severity in Table S10. Figure 2 shows least-
squares mean changes from baseline to interim visit at week 6, final visit at week 12, and follow-
up at week 36 for both the overall and individual single-combination treatment comparison.
The results of the remaining objectives (as outlined in the SAP)!’ and time points (interim visit
and follow up) are reported in Tables S11 — S13. Country-specific changes for the THI from
baseline to final visit for single and combination treatment as well as for all treatment arms can
be found in Table S14.

Regarding the secondary outcome measures, least-squares mean change from baseline to week
12 for TFI, Mini-TQ, PHQ-9, WHO-QoL, and NRS (all objectives) are shown in Tables 2 and
3 as well as Tables S15 — S27. Results of CGI-I are reported descriptively for single and
combination treatment groups at final visit, see Figure S6 & S7, and separated by hearing aid
indication (Figure S8) and tinnitus severity (Figure S9).

No SAE was evident in any patient. AEs appeared in 49 (21.3%) participants in single treatment
groups, and in 49 (21.2%) participants in combination treatment groups. The most relevant AEs

reported by patients were worsening of the tinnitus percept (6); worsening of their
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psychological health (3); sleep problems (2); pain in the ear when wearing the hearing aid (1),
ear infection (1), inflammation of the ear (1), dizziness (1), and mild transient hearing loss (1).
Worsening of tinnitus symptoms is a relative common side-effect in tinnitus studies, as patients
are focussing their attention more intently on their tinnitus to evaluate potential changes in
tinnitus characteristics. Given the absence of any SAE and the low number of adverse reactions
associated potentially with the various treatments, the present intervention types can be
considered as safe. As AEs were rather rare and not severe, we abstained from analysing the
strength of the relationship with treatment interventions and from documenting the time course
of the reported AEs. A full listing of all AEs per treatment arm is provided in Table S28.
Information on treatment adherence is given in Figure S1 and Table S29.

Pairwise post-hoc contrasts for the THI least-squares mean change revealed statistically
significant (Bonferroni adjusted) differences between ST and CBT, ST and CBT+SC, ST and
CBT+ST, ST and HA, and ST and HA+SC. For all other treatment contrasts, no statistically
significant differences were found (all p-values > 0.050). Statistical parameters for all post-hoc
contrasts are listed in Table S30. Sensitivity analyses of our primary outcome using no
imputation and the method of Last Observation Carried Forward yielded similar results as our
ITT analysis. However, under the assumption that data is not missing at random, our ITT
findings cannot be upheld (Table S31 — S32). PP findings were different for the overall single
vs. combination contrast (no statistical superiority of combination treatment; g = 2.8, 95% Cl,
-1.6to 7.2, p = 0.206) (Figure S10, Tables S33 — S34). Exploratory analysis included the effect

size estimates Cohen’s d for all treatment arms which are shown in Table 3 and Figure 2.

Discussion

In this randomised trial on chronic tinnitus, the effectiveness of established tinnitus treatments
(cognitive-behavioural therapy (CBT), hearing aids (HA), app-based structured counselling
(ST), and app-based sound therapy (ST)) applied either alone or as a combination of two

7
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treatments was investigated. All treatments were safe and the improvement in THI scores from
baseline to week 12 was statistically stronger for combination compared to single treatment.
However, a more detailed analysis of our data by pairwise post hoc comparisons of the various
treatment arms suggests that the additional effect of a treatment combination depends on the
effectiveness of a single treatment. In the case of ST, a clear superiority in favour of
combination treatment was present, with the combination CBT+ST being statistically superior
to single ST. Importantly, there was no statistically significant difference between CBT alone
and CBT+ST. This finding shows that combining a treatment with low effectiveness (in this
case ST) together with a treatment of high effectiveness (in this case CBT) does not lead to a
simple regression to the mean.

Rather the high-effectiveness treatment counterbalances the effect of the low-effectiveness
treatment and elevates the clinical improvement up to a level comparable to the single high-
effectiveness treatment. Together with the observation that ST was the treatment which
demonstrated the smallest improvements in tinnitus-related handicap (statistically significant
less than CBT, HA, CBT+SC, CBT+ST, HA+SC), the additional beneficial effect of a treatment
combination appears to depend on how effective a single treatment already performs. For the
single treatment arm with ST, we observed a weak effect size of 0.24 (confidence interval [CI],
-0.02 to 0.53) while combinations of treatments including ST yielded medium to strong effect
sizes: SC+ST (Cohen’s d=0.71, Cl, 0.46 to 1.02), HA+ST (Cohen’s d =0.78, Cl, 0.43 t0 1.37),
and CBT+ST (Cohen’s d = 0.80. CI, 0.55 to 1.12), which is driven by the combination
treatments of higher effectiveness.

The weak clinical effectiveness of sound treatment alone is in line with previous work where
sound treatment was used as an active control.’31° This trial shows that combining a treatment
of weak clinical effectiveness with a treatment of stronger clinical effectiveness

counterbalanced the weak effect and provokes a clinical improvement comparable to the
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stronger effect. On the other hand, if a single treatment is already effective, a combination might
not result in a synergistic effect.

Previous investigations evaluated combination treatments for tinnitus as well.>! For instance
it was demonstrated that Tinnitus Retraining Therapy,'® which combines a specific acoustic
therapy with directive counselling, reduced tinnitus symptoms more effectively than
counselling alone.®

This is the first systematic trial to investigate CBT, HA, ST, and SC within the scope of one
investigation. CBT approaches demonstrate the best body of evidence so far and are thus
recommended by current treatment guidelines.”®2° Of today, the recommendation for HAs is
restricted to the treatment of concomitant hearing loss, and there is no recommendation for ST
due to a lack of clear scientific evidence.?% Counselling is recommended in form of
information about tinnitus and the learning of potential coping strategies. However, counselling
is usually not systematically structured and not investigated as such.?*

With the present trial, we can directly put into perspective the effect size of CBT as the most
established evidence-based treatment in tinnitus,’82%2526 with HA, ST, and SC (ST and SC
provided with mobile applications) as well as their combinations as treatment options for
tinnitus. Further, the present trial provides the first large-scale evidence for HA and SC
(administered as stand-alone treatments), with a clinical effectiveness on a similar level as CBT.
In view of the interpretation of the present findings for HAs, it is important to point out that the
primary focus of a HA is on reducing hearing impairment by amplification of peripheral sounds
and that this benefit could be conflated with an amelioration in tinnitus-related symptoms.

In a separate analysis by Schiele et al., data from our HA single treatment arm was used to
investigate whether tinnitus frequency, hearing loss, HA-usage duration or the accuracy of HA
fitting might serve as a predictor for treatment response. None of the mentioned variables
predicted an improvement in tinnitus-related distress (THI, TFI) or subjective tinnitus

loudness.?’
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The combination of HA+SC, which provided the strongest effect size in our trial, has not been
investigated so far, and data about the clinical effectiveness in tinnitus are not yet available.?!2?
It should also be considered that we worked with a selected set of four tinnitus treatments and
combinations of only two treatment types. Thus, it remains unknown, whether the combination
of other treatment sets or combinations of three or more treatment types would lead to additional
treatment benefits. Any interpretation of our findings should keep in mind, that we investigated
specific applications of CBT, HA, ST, and SC. Potential reasons for the low efficacy of ST and
SC in the present trial might include its self-administration, the limited interaction with a
clinical specialist and/or the absence of specific instructions (stimulus, loudness, duration etc.).
Thus, our conclusions on ST and SC might not be directly applied to a traditional clinical
setting, where patients are not necessarily followed-up.

The duration of treatment was 12 weeks in all treatment arms. Meaningful clinical
improvements were observed in most treatment arms after 6 weeks and improved further
towards the final assessment after 12 weeks and remained during the follow-up period.
Despite the usage of interventions allowing for a high level of patient flexibility (SC and ST
via mobile applications, HA), treatment compliance/adherence was low (see Figure S1 and
Table S29) and dropout rates were high in our trial (per-protocol (PP) sample of 185 patients).
CBT treatment arms, which require a high level of commitment with several on-site visits,
demonstrated the highest proportion of dropouts in our trial, which potentially limits the
interpretability and robustness of our CBT findings, as non-responders may be overrepresented
among dropouts. In another recent study, in which CBT was compared with Neurofeedback,
the CBT dropout rate was in a similar high range like in our study.?® There is a large body of
evidence in the literature that CBT is effective in the treatment of tinnitus (for an overview see
the Cochrane review by Fuller et al., 2020),> and has been recommended in European
guidelines for the management of tinnitus.® However, all studies investigating CBT alone might

be susceptible to a selection bias, as only patients with motivation for CBT would have been
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enrolled. The relatively high dropout rate of CBT in studies comparing various treatment
options reflects the clinical experience of the real-world situation where a relevant subgroup of
patients is not willing to undergo CBT. Detailed information on dropout reasons per treatment
arm are listed in Tables S2 — S5.

With the application of two treatments in combination, the chances that one or even both
treatments are not conducted as intended are increasing. The lack of monitoring, strict guidance,
or outpatient care in the case of SC, ST and HA, might be further potential reasons for treatment
non-adherence. Furthermore, high dropout rates are a well-known issue in mobile health
interventions.?® Another reason could be that patients were randomized to treatments and did
not receive the treatment they desired. Under ideal treatment compliance/adherence (PP
analysis), we observed no overall superiority of combination treatments.

A potential explanation for this incongruency between intention-to-treat (ITT) and PP analysis
might be that under perfect conditions (PP), a single treatment which is conducted properly is
already effective on its own and thus there is no clear additional beneficial effect of a
combination treatment. However, if one or two treatments are not properly conducted (ITT), as
it is most probably the case in the everyday clinical treatment of tinnitus, a combination of
treatments provides an additional benefit. Our results indicate that there is a high need for
further research to better understand the clinical benefits of combination treatment; to get more
profound insights behind the reasons for low treatment adherence; and in approaches to increase
treatment adherence in daily clinical practice, such as the implementation of behavioral change
techniques or more extensive patient education.

A control group was not included in this trial, as the answer to the main question (comparison
of single and combined treatment) did not require a control group. Nevertheless, a control group
may have been helpful as an anchor for comparison with the ten treatment arms. However, our
results of CBT as single treatment correspond very well to meta-analytic data of its efficacy?®

and thus provide an anchor for a well-established evidence based treatment approach. Further,
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our data demonstrates low effectiveness of ST as a single treatment, supporting its use as an
active control condition in randomised controlled trials.'®° Thus, the two treatment arms CBT
and ST can be considered as reliable reference anchors for the interpretation of the results of
the other 8 investigated treatment arms. Even though in 18% of all participants data of the
primary outcome (THI) was missing, the sensitivity analysis using no imputation came to
similar findings, which was further corroborated by applying the Last Observation Carried
Forward approach. Yet, under the assumption of “missing not at random” and after conducting
additional robustness evaluations using three different reference-based imputation methods, our
findings cannot be sustained (see Tables S31-S32).

In this trial involving adults with chronic tinnitus, we found that 12 weeks of treatment with
CBT, HAs, SC, or ST applied as single or in combinations of two treatments led to an
amelioration in tinnitus-related handicap. There was no unambiguous synergistic effect of
treatment combination, rather a compensatory effect, where a more effective treatment offsets
the clinical effects of a less effective treatment. In clinical situations where it is unclear which
treatment will benefit the particular patient, a combination of treatments might help to increase

the chances of treatment success.

Methods

Study design

This was an investigator-initiated, international, multicentre, parallel-arm, superiority,
randomised controlled clinical trial conducted in five hospitals across four European countries
(Leuven, Belgium; Berlin and Regensburg, Germany; Athens, Greece; and Granada, Spain; see
Table S35 in the Supplementary Appendix) as part of the UNITI project (Unification of
Treatments and Interventions for Tinnitus Patients).*® Included patients received treatment
between April 2021 and December 2022. Detailed information about the trial rationale, design,
methodological approaches, and statistical analysis strategies are published in the study
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protocol and statistical analysis plan (SAP).1®'7 The study was approved by local ethics
committees at every clinical site independently (combined ethical approval for German sites;
please find the ethical approval documents in the Supplementary Appendix). Further, all authors
vouch for the completeness and correctness of the data, adherence of the trial to the study
protocol,® as well as adherence of data analysis strategies to the SAP. A detailed list of author
contributions can be found in Table S36 in the Supplementary Appendix. Written informed
consent was obtained from all eligible patients prior to trial participation. For the preparation
of this report we used the CONSORT guidelines (Consolidated Standards of Reporting

Trials).%

Participants

Adults of both sexes (self-reported) aged between 18 and 80 years with chronic subjective
tinnitus (lasting for six months or more) were recruited and screened at each clinical site.
Inclusion criteria for trial participation were at least mild tinnitus handicap according to the
Tinnitus Handicap Inventory®? (THI; score > 18) and tinnitus as primary complaint. Exclusion
criteria were: presence of a mild or worse cognitive impairment according to the Montreal
Cognitive Assessment®* (MoCa; score < 22); any relevant ear disorders or acute infections of
the ear; one deaf ear; severe hearing loss (inability to communicate properly) as well as serious
internal, neurological, or psychiatric conditions. Existing drug therapies with psychoactive
substances had to be stable, and no start of any other tinnitus-related treatment in the last three
months before trial participation was allowed. A detailed list of all eligibility criteria can be

found in the trial protocol.'® Written informed consent was obtained from all participants.

Randomisation and blinding
After successful on-site screening, eligible participants were stratified in four equally sized

strata based on their THI total score (low [< 48] and high [> 48] tinnitus-related handicap) and
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381
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384

385

hearing aid indication (yes and no, criteria for hearing aid indication: Table S37). Criterion for
low and high tinnitus-related handicap was defined based on historical data obtained from 837
patients at the clinical site in Regensburg with a median THI score of 48. Hearing aid indication
criteria were specified by a group of international experts in the fields of audiology and
otolaryngology (see Table S38). Participants were then randomised to one of ten treatment arms
comprised of single (CBT, HA, SC, ST) and combination interventions (CBT+HA, CBT+SC,
CBT+ST, HA+SC, HA+ST, SC+ST) under consideration of the stratification group. Patients
from the two strata without hearing aid indication were not randomised in treatment groups that
comprised HA treatment. The stratification according to tinnitus-related handicap was
performed to ensure an equal representation of patients with high and low tinnitus distress in
different treatment arms and thus avoid potential misinterpretations of our findings due to large
differences in baseline tinnitus severity across treatment arms. Randomisation was conducted
at each clinical site with an interactive web response system developed together with
biostatisticians from the contract research organization Excelya (www.excelya.com). Excelya
was further responsible to monitor all randomisation proceedings. Treatment codes were used
to ensure blindness of the statistical analysis team to the type of treatment patients received.
Unblinding was conducted after analyses completion. Patients and investigators/assessors were

not blinded. See study protocol and statistical analysis plan for more detailed information.16/

Procedures

Single and combination treatments were applied over a 12-week treatment phase. All treatment
procedures were designed by dedicated experts in their respective fields (see Table S38 for
expert team per treatment type) and described in detail in the study protocol.'® To ensure
consistency with respect to treatment and assessment implementation across clinical sites,

workshops were held, and Standard Operation Procedure documents were created. Two of the
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four treatment types were unguided, app-based therapies, minimising potential differences. HA
fitting was standardised, and CBT was co-developed specifically for this trial.

CBT was based on the concept of fear-avoidance using exposure therapy.3*3> The exposure
exercises were delivered by trained psychologists or psychotherapists in weekly face-to-face
group sessions (1.5-2 hours weekly; 12 weeks; group size: six to eight participants). For HA
treatment, behind-the-ear hearing instruments (Type Signia Pure 312 7X; Sivantos Pte. Ltd.,
Singapore, Republic of Singapore/ WSAudiology, Lynge, Denmark) were fitted bilaterally with
all noise-related signal processing deactivated by audiologists or HA acousticians according to
the National Acoustic Laboratories-Non-Linear 2 generic amplification proceeding.®® SC and
ST were self-administered on a daily basis via a dedicated UNITI mobile application, which
was available for Android and iOS devices as well as free of charge.3” SC was oriented on
recent European guidelines for tinnitus management® and consisted of 12 chapters featuring
structured patient education (e.g., facts about tinnitus, brain and sound perception; myths and
misconceptions about tinnitus; diagnosis of tinnitus; special types of tinnitus; therapeutic
approaches; psychological and behavioural aspects) and tips on how to handle tinnitus distress.
ST included 64 different artificial and naturalistic sounds with various state of the art
modulation or filter techniques. Loudness and length of the sounds was adjustable by the
patients. There are many different SC and ST approaches administered by clinicians. For clarity,
we want to mention that our app-based approach did not follow the Tinnitus Retraining Therapy
protocol.

Treatment compliance was assessed via participation in CBT treatment sessions (>6 CBT
sessions; including the first two), usage log files for HAs (average use of >4 hours/day) and
app-use logfiles for SC (completion of the first six chapters) and ST (using each of the four
sound stimuli categories once)!’. Demographic and clinical characteristics were assessed at
baseline (before treatment) using the European School of Interdisciplinary Tinnitus Research

Screening Questionnaire (ESIT-SQ).*® Outcome measures were assessed at baseline, interim
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(after 6 weeks of treatment), final (after 12-week treatment period), and follow-up (36 weeks
after baseline) visits. An additional follow-up visit was conducted 48 weeks after baseline. This
visit was a voluntary follow-up visit. Due to a large amount of missing data (only 32.54% of
participating patients provided data), no reliable conclusions can be drawn from the analysis

and therefore this additional follow-up was not included in the final outcome measure analysis.

Outcome measures

The primary outcome between single and combination treatment was the difference in total
score change from baseline to final visit (after 12 weeks of treatment) in the Tinnitus Handicap
Inventory (THI).32 The THI consists of 25 items designed to evaluate the perceived impact of
tinnitus on an individual’s daily life. Each item provides three response options: “No”,
“Sometimes” and “Yes”, which are scored as 0,2 and 4 points respectively. The total THI score
is obtained by summing the scores of all items, resulting in a score that ranges from 0 to 100,
with higher sores indicating greater perceived handicap due to tinnitus. Changes from baseline
to interim visit, and follow-up were examined in secondary analyses as well. Despite some
critique on its sensitivity, 340 the THI was chosen as the primary outcome measure, since i) it
is the most widely used instrument in clinical settings and is recommended as an outcome for
clinical trials based on expert consensus,**~*® ii) there is high evidence of a conformity between
the THI, the Tinnitus Functional Index (TFI)*, and the Tinnitus Questionnaire (TQ),* plus iii)
a validated version was available in the required languages (Dutch, German, Greek, Spanish)
at the time of trial registration and the definition of our primary outcome measure. 46-4°
Secondary outcome measures included the TFI, the Mini Tinnitus Questionnaire (Mini-TQ),*
the Patient Health Questionnaire for Depression (PHQ-D/PHQ-9),%! the abbreviated version of
the World Health Organisation - Quality of Life questionnaire (WHO-QoL)% as well as
numeric rating scales (NRS; 0 - 10) for tinnitus impairment (O - not a problem; 10 - very big

problem), tinnitus loudness (0 - not at all loud; 10 - extremely loud), tinnitus-related discomfort
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(0 - no discomfort; 10 - severe discomfort), annoyance (0 - not at all annoying; 10 - extremely
annoying), unpleasantness (0 - not at all unpleasant; 10 - extremely unpleasant), and ability to
ignore the tinnitus (0 - very easy to ignore; 10 - impossible to ignore).> Clinical improvement
was measured with the Clinical Global Impression Scale — Improvement (CGI-1).>* There is
expert-based consensus on which outcome domains should be ideally assessed in tinnitus trials.
However, there is still no consensus-based recommendation on which standardised instruments
should be used within the selected outcome domains.*® Different secondary outcome measures
were considered here to underpin interpretability, validity as well as comparability of potential
findings with past and future research.

Questionnaires were filled out by the patients using a graphical interface of the UNITI
database.*® Patients could also opt for paper-pencil versions, and data was subsequently entered
into the UNITI database by the local study team.

Adverse (AE) and serious adverse events (SAE) were defined according to the guidelines for
Good Clinical Practice 83 (6,8). AEs were assessed and recorded during each visit with respect
to start and end date, intensity, relation to intervention, impact on treatment, and actions taken.
Any SAE during the 12-week treatment phase led to a stop of the patient’s respective treatment

and was immediately reported to the local ethics committee.

Statistical Analysis

The sample size was determined a priori on an estimated effect size of 0.26, an alpha level of
5% and a power of 80% (two-sided test). Based on that, the necessary sample size is 468.
Considering potential dropouts, the aim was to recruit a total sample size of N = 500.%6

The statistical analysis was performed in the intention-to-treat (ITT) population of N = 461,
including all randomised participants, regardless of compliance with the study protocol. For the
primary analysis (combination against single treatments), we estimated that with a two-tailed

alpha level of less than 0.05, the sample size of N = 461 provides the trial with 90% power to

17



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

detect an effect size of 0.30 (lower end of 95% CI for effect size of behavioural therapy
interventions according to the latest Cochrane Review on tinnitus).?®

For the ITT analysis, missing values (THI: 18%, education: 3.5%, PHQ-9 baseline: 2.6%) were
imputed using multilevel imputation (R package mitm1)%®; see Figure S11 for the
distribution of imputed THI values. This approach is considered the gold standard for dealing
with missing data.%® As sensitivity analysis, a per-protocol (PP) was conducted on all patients
who met the requirements for treatment compliance as defined in the SAP (N = 185).Y7
Additional sensitivity analyses were performed in the primary outcome without imputation,
three different reference-based imputation approaches (jump to reference, copy increments in
reference, copy reference, R package RefBasedMI)®®® assuming data is not missing at
random and the method of Last Observation Carried Forward. The analysis of the primary
objective was performed in the ITT population to test the effectiveness of combination
treatments against single treatments (control group). Further comparisons between single versus
combination treatments for all 4 single treatments separately (CBT single vs. combined, HA
single vs. combined, SC single vs. combined, ST single vs. combined) as well as comparisons
between all ten treatment arms were performed. Detailed information on which treatment arms
were pooled for which type of comparison can be found in the SAP.Y’

To address all objectives, mixed effect models were applied (with REML using the 1me4 R
package)®* by considering the outcome as the response variable and including the corresponding
objective, time point (baseline, interim visit, final visit, and follow-up), and objective-by-time
interaction as fixed effects, including centre and subject ID as random intercepts. The models
were adjusted for the following covariates: age, sex, educational attainment, hearing aid
indication, and PHQ-9 baseline scores.!” The results of the remaining objectives as described
in the SAP are reported in the Supplementary Appendix. Additionally, we evaluated THI score
changes from baseline to final visit for single and combination treatment as well as all
individual treatment arms separately by country to assess potential country-specific effects.
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Results are reported as least-squares mean changes (obtained via the emmeans R package)®?
with 95% CI. All analyses were performed in R (version 4.2.2).

De-identified data (pseudo-anonymised code) were gathered in a central database, which was
regularly monitored and systematically checked for missing and invalid data (every six weeks).
After database closure and prior to analysis, data from each clinical centre were checked again

for validity and completeness. This study was registered at ClinicalTrials.gov, NCT04663828.

Data availability

De-identified data analysed and reported in the article and Supplementary Appendix are

available upon reasonable request from the corresponding author (stefan.schoisswohl@ukr.de).

Source data are provided with this paper. The complete dataset (incl. 48-week follow-up) and
its description is currently under preparation for publication and release via ZENODO. The
current status of data availability will be wupdated on the UNITI website

(https://uniti.tinnitusresearch.net/).
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Table 1. Demographic and clinical characteristics of the participants at baseline (stratified by treatment arm).
Characteristics CBT HA SC ST CBT+HA | CBT+SC | CBT+ST | HA+SC HA+ST SC+ST Overall
(n=56) (n=59) (n=56) (n=59) (n=17) (n=51) (n=54) (n=19) (n=27) (n=63) (N=461)
Demographic characteristics
Sex
Male (%) 34 36 39 32 12 27 33 12 18 28 271
(60.7%) (61.0%) (69.6%) (54.2%) (70.6%) (52.9%) (61.1%) (63.2%) (66.7%) (44.4%) (58.8%)
Female (%) 22 23 17 27 5 24 21 7 9 35 190
(39.3%) (39.0%) (30.4%) (45.8%) (29.4%) (47.1%) (38.9%) (36.8%) (33.3%) (55.6%) (41.2%)
Age (years) 48.8 53.4 49.8 50.3 56.0 54.0 46.4 51.6 55.0 51.2 51.1
+12.3 +11.7 +13.1 +14.0 +10.4 +12.0 +12.9 +14.0 +11.2 +9.8 +12.4
PHQ-9 total score 7.3 7.3 7.2 8.5 5.8 6.8 7.9 6.8 7.0 7.0 7.3
+4.9 +4.8 +4.5 +5.2 +4.6 +4.3 +5.0 +3.2 +5.6 +5.5 +4.9
Tinnitus characteristics
Tinnitus duration 119 126 85 115 101 154 110 159 124 119 119
(in months) +127 +100 +77 +114 +111 +140 +99 +144 +108 +116 +113
Hearing aid 19 59 19 20 17 18 17 19 27 19 234
indication (%) (33.9%) (100%) (33.9%) (33.9%) (100%) (35.3%) (31.5%) (100%) (100%) (30.2%) (50.8%)
THI total score 47.8 48.8 48.6 48.7 42.2 455 48.0 52.2 50.1 47.2 48.0
+20.3 +19.2 +20.6 +18.1 +18.9 +18.9 +19.3 +21.9 +20.1 +20.9 +19.7
TFI total score 47.8 50.6 48.5 50.9 46.1 42.9 47.4 51.7 54,5 48.1 48.6
+21.4 +18.8 +20.7 +18.1 +18.9 +18.8 +22.7 +21.3 +21.4 +20.9 +20.3
Mini-TQ total 11.4 12.2 11.8 125 10.7 11.2 12.3 11.9 12.3 12.0 11.9
score +5.2 +4.6 +5.4 +5.0 +4.0 +5.0 +4.6 +5.2 +6.0 +5.2 +5.0
Tinnitus loudness 6.2 6.7 6.4 6.3 6.3 6.0 6.2 6.4 7.2 6.3 6.4
(rating) +2.1 +1.7 +2.4 +2.1 +2.7 +2.6 +2.6 +2.3 +1.6 +2.2 +2.2

Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.

Data are n (%) or mean = SD. PHQ-9 scores range from 0 to 27, with higher scores indicating greater severity of depression. The definition for hearing aid indication is given in
Table S3. THI scores range from 0 to 100, with higher scores indicating greater severity of tinnitus. TFI scores range from 0 to 100, with higher scores indicating greater severity
of tinnitus. Mini-TQ scores range from 0 to 24, with higher scores indicating greater severity of tinnitus. Tinnitus loudness (rating) scores range from 0 to 10, with higher scores
indicating greater loudness of tinnitus. Abbreviations: CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; PHQ-9 = Patient Health Questionnaire for Depression; SC =
app-based Structured Counselling; ST = app-based Sound Therapy; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire
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Table 2. Primary and Secondary Clinical Outcomes at Final Visit: Single vs. Combination (Intention-to-Treat Population).

All treatments Cognitive Behavioural Hearing Aid Structured Counselling Sound Therapy
Therapy
Single Combination | Single Combination | Single Combination | Single Combination | Single Combination
Primary outcome
THI
Change from -11.7 -14.9 -16.9 -15.6 -144 -15.7 -12.0 -155 -3.8 -13.2
baseline
(95% CI) (-14.4t0 (-17.7to (-22.8t0 (-19.5t0 (-19.5t0 (-20.7 to (-17.5t0 (-19.3t0 (-9.3to (-16.7 to
-9.0) -12.1) -10.9) -11.7) -9.4) -10.7) -6.5) -11.7) 1.6) -9.8)
Secondary
Outcome
TFI
Change from -11.0 -11.6 -16.1 -12.1 -14.5 -13.9 -9.7 -10.1 -3.7 -11.7
baseline
(95% CI) (-13.9to (-14.7to (-22.1to (-16.3 to (-20.2to (-19.4 t0 (-15.5t0 (-14.0to (-9.6to (-15.5t0
-8.0) -8.5) -10.1) -7.9) -8.9) -8.4) -3.9) -6.2) 2.1) -7.9)
Mini-TQ
Change from -2.9 -3.4 -4.1 -3.8 -3.5 -3.0 -2.9 -3.4 -1.2 -3.0
baseline
(95% CI) (-3.6to (-4.1to (-5.5t0 (-4.81t0 (-4.7to (-4.21t0 (-4.3to (-4.3t0 (-2.6 to (-3.9to
-2.2) -2.7) -2.6) -2.8) -2.4) -1.9) -1.4) -2.5) 0.2) -2.2)
NRS - tinnitus
loudness
Change from -0.8 -0.8 -0.5 -0.8 -1.4 -0.8 -0.8 -0.7 -0.3 -0.8
baseline
(95% CI) (-1.2to (-1.2to (-1.4to (-1.4to (-2.2to (-1.6to (-1.6to (-1.2to (-1.0to (-1.3to
-0.4) -0.4) 0.3 -0.2) -0.6) -0.1) 0.0) -0.2) 0.5) -0.3)
PHQ-9
Change from -1.7 -1.4 -1.7 -1.7 -2.3 -1.5 -1.7 -1.3 -0.8 -1.3
baseline
(95% CI) (-2.3to (-2.1to (-3.0to (-2.6to (-3.5t0 (-2.6 to (-3.1to (-2.2to (-2.2to (-2.2to
-1.0) -0.8) -0.3) -0.8) -1.2) -0.4) -0.4) -0.5) 0.6) -0.4)

Table 2. Primary and Secondary Clinical Outcomes at Final Visit:

Single vs. Combination (ITT).




735  Values depict least-squares mean changes at week 12 for primary and secondary outcomes with 95% confidence intervals. Higher total scores on the THI, TFI and Mini-TQ indicate
736 greater severity of tinnitus. Higher total scores on the NRS - tinnitus loudness indicate greater loudness of tinnitus. Higher total scores on the PHQ-9 indicate greater severity of
737 depression. Further objectives and secondary clinical outcomes not reported in this table can be seen in the Supplementary Appendix. Abbreviations: NRS = Numeric Rating Scale;
738 PHQ-9 = Patient Health Questionnaire for Depression; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire.

28



739
740
741
742
743

Table 3. Primary and Secondary Clinical Outcomes at Final Visit: All Treatment Arms (Intention-to-Treat Population).
CBT HA SC ST CBT+HA | CBT+SC | CBT+ST HA+SC HA+ST SC+ST

Primary outcome

THI

Change from baseline -16.9 -14.4 -12.0 -3.8 -15.2 -17.4 -14.1 -20.0 -12.9 -12.7

(95% CI) (-22.7t0 | (-19.7to (-17.5t0 (-9.2to (-26.0to (-23.81t0 (-19.8 to (-29.3to (-20.5to (-17.8to
-11.0) -9.2) -6.5) 1.5) -4.4) -11.0) -8.4) -10.8) -5.3) -7.5)

Cohen’s d 0.93 1.00 0.83 0.24 1.13 1.19 0.80 1.35 0.78 0.71

(95% ClI) (0.70 to (0.78 to (0.51to (-0.02 to (0.74 to (0.91to (0.55to (0.98 to (0.43to (0.46 to
1.21) 1.28) 1.27) 0.53) 1.83) 1.59) 1.12) 1.99) 1.37) 1.02)

Secondary Outcome

TFI

Change from baseline -16.1 -14.5 -9.7 -3.7 -15.1 -10.9 -12.2 -10.1 -15.8 -9.4

(95% CI) (-22.2to | (-20.1to (-15.6 to (-9.5t0 (-26.1to (-17.4to (-18.5t0 (-20.0 to (-24.0to (-15.1to
-10.0) -8.9) -3.8) 2.0) -4.0) -4.4) -5.9) -0.2) -7.6) -3.8)

Mini-TQ

Change from baseline -4.1 -3.5 -2.9 -1.2 -4.0 -4.1 -3.6 -3.2 -2.3 -2.9

(95% CI) (-5.5t0 (-4.810 (-4.3t0 (-2.6to (-6.7to (-5.6to0 (-5.0to (-5.5t0 (-4.3t0 (-4.2to
-2.6) -2.2) -1.4) 0.2) -1.3) -2.6) -2.2) -0.9) -0.4) -1.6)

NRS - tinnitus loudness

Change from baseline -0.5 -1.4 -0.8 -0.3 -1.0 -0.9 -0.7 -0.3 -1.1 -0.7

(95% CI) (-1.4to (-2.1to (-1.6to (-1.1to (-2.5t0 (-1.8to (-1.5to (-1.6to (-2.2to (-1.5to
0.3) -0.6) 0.0) 0.5) 0.6) 0.0) 0.1) 1.1) -0.1) 0.0)

PHQ-9

Change from baseline -1.7 -2.3 -1.7 -0.9 -1.2 -1.8 -1.8 -2.0 -1.3 -0.8

(95% CI) (-3.0to (-3.6t0 (-3.1to (-2.2to (-3.7t0 (-3.2t0 (-3.2to (-4.2t0 (-3.1to (-2.1to
-0.3) -1.1) -0.4) 0.4) 1.2) -0.3) -0.4) 0.2) 0.6) 0.4)

Table 3. Primary and Secondary Clinical Outcomes at Final Visit: All treatment Arms (ITT).

Values depict least-squares mean changes at week 12 for primary and secondary outcomes with 95% confidence intervals. Higher total scores on the THI, TFI and Mini-TQ indicate
greater severity of tinnitus. Higher total scores on the NRS - tinnitus loudness indicate greater loudness of tinnitus. Higher total scores on the PHQ-9 indicate greater severity of
depression. Cohens d indicate the standardised effect size of the respective treatment. The effect sizes and the corresponding confidence intervals were first computed in each of
the 50 imputed data sets before they were averaged to a single value. Further objectives and secondary clinical outcomes not reported in this table can be seen in the Supplementary
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Appendix. Abbreviations: CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; NRS = Numeric Rating Scale; PHQ-9 = Patient Health Questionnaire for Depression; SC

= app-based Structured Counselling; ST = app-based Sound Therapy; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire.
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Figure legends

Figure 1. Trial Profile. A total of 674 patients were screened, of whom 461 met the trial
inclusion criteria and were randomly assigned to one of ten treatment arms comprised of a
single treatment or a combination of two treatments out of four different therapy approaches -
cognitive-behavioural therapy (CBT), hearing aids (HA), app-based structured counselling
(SC), and app-based sound therapy (ST). 230 (49.9%) were assigned to single treatments (CBT,
HA, SC, or ST) and 231 (50.1%) were assigned to combination treatments (CBT+HA,
CBT+SC, CBT+ST, HA+SC, HA+ST, SC+ST). Patients without hearing aid indication were
only randomised to treatments without HA. An extended version of the patient’s flowchart can
be found in Figure S1. Quantity and reasons for trial exclusion during eligibility assessments

and trial discontinuation/dropouts can be seen from Tables S1 — S5.

Figure 2. Least-Squares Mean Changes from Baseline to interim visit (6w), final visit
(12w) and follow-up (36w) in THI total score. A) single (n = 230) and combination (n = 231)
treatments; C) CBT+HA (n = 17); D) CBT+SC (n = 51); E) CBT+ST (n =54); F) HA+SC (n
=19); G) HA+ST (n = 27); H) SC+ST (n = 63); and B) Cohen’s d values for all treatment arms
(change in THI total score from baseline to final visit). Single treatment arms included: CBT
(n =56), HA (n =59), SC (n =56) and ST (n =59). Total THI scores range from 0 to 100, with
higher scores indicating greater severity of tinnitus. Error bars represent 95% confidence
intervals. Abbreviations: CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC =
app-based Structured Counselling; ST = app-based Sound Therapy; THI = Tinnitus Handicap

Inventory.

31



674 participants were assessed for eligibility

4

461 underwent randomisation

230 single treatment

v

v

v

213 were excluded

99 did not meet eligibility criteria

107 stratification group completed
6 personal reasons/ declined to participate
1 artificial eardrum

231 combination treatment

v

v

v

v

v

v

56 CBT

59 HA

56 SC

S9 ST

17 CBT + HA

51 CBT + SC

54 CBT + ST

19 HA + SC

27 HA + ST

63 SC + ST

v

v

v

v

v

v

v

v

v

v

4’7 treatment

58 treatment

52 treatment

58 treatment

12 treatment
starts

40 treatment
starts

45 treatment
starts

18 treatment
starts

26 treatment
starts

59 treatment
starts

v

v

v

v

v

v

starts starts starts starts
43 interim 57 interim 50 interim 56 interim
ViSits Visits Visits Visits

12 interim
Visits

34 interim
Visits

39 interim
Visits

18 interim
Visits

25 interim
Visits

56 interim
Visits

v

v

v

v

v

v

v

v

v

v

39 treatment

54 treatment

45 treatment

52 treatment

11 treatment
completed

32 treatment
completed

35 treatment
completed

18 treatment
completed

25 treatment
completed

53 treatment
completed

v

v

v

v

v

v

9 completed
36-wk
follow-up

28 completed
36-wk
follow-up

completed completed completed completed
34 completed| |41 completed| |29 completed| [45 completed
36-wk 36-wk 36-wk 36-wk
follow-up follow-up follow-up follow-up
56 were 59 were 56 were 59 were
included in included in included in included in
primary primary primary primary
analysis analysis analysis analysis

30 completed
36-wk
follow-up

15 completed
36-wk
follow-up

19 completed
36-wk
follow-up

4’7 completed
36-wk
follow-up

v

v

v

v

v

v

17 were
included in
primary
analysis

S1 were
included in
primary
analysis

54 were
included in
primary
analysis

19 were
included in
primary
analysis

27 were
included in
primary
analysis

63 were
included in
primary
analysis




Z

Single vs. Combination Treatments

4 Single
©® Combination

Least—-Squares Mean Change (THI)

Baseline Interim visit Final visit Follow up

C)  Cognitive Behavioural Therapy + Hearing Aid

T
-
()
(@]
C
S
e
@)
§ &/ CBT
S CBT + HA
0 # HA
o
S
-
(@)
?
@ —25-
(0]
-
_30-
Basleline Interirln visit Finai visit FO||OIW up
E)  Cognitive Behavioural Therapy + Sound Therapy
5-
T
T R
) 8
S s X :
-5+ Q
5 W ) 1
§ 101 - e L &/ CBT
= -~ ~ ® CBT+ST
0 -151 | === = * <+ ST
G =
o —20- - -
?
@ —25-
(0]
-
_30-
Baséline Interirln visit Finall visit FoIIoIvv up
G)  Hearing Aid + Sound Therapy
5-
T
-
(D)
(@]
C
S
e
@)
§ A HA
S HA + ST
N < ST
Sl_) i
S
o —20- - _
?
@ —25-
(0]
-
_30-

Baseline Interim visit Final visit Follow up

B)  Effect size: THI Change from Baseline to Final Visit

£.U 7 ——
1.5+ @ ST
® ® SC+ST
= T _ T HA + ST
2 T ® CBT+ST
q‘:) 1.0 - T ® 4 ® SC
S ® ¢ ® CBT
O ° ¢ + ® HA
N CBT + HA
05 o T 1 - — CBT + SC
® HA+SC
®
004 1
SIT SC-II-ST HA:—ST CBTI+ ST SIC CII3T HIA CBTI+ HACBTI+ SC HA-IFSC
D)  Cognitive Behavioural Therapy + Structured Counselling
5-
T
-
O]
(@)
e
@
e
O
§ &/ CBT
S CBT + SC
8 -15 - ® SC
E - — 4 L
o —20-
P
@ —25-
(0]
—
_30-
Basleline Interirln visit Finai visit FO||OIW up
F) Hearing Aid + Structured Counselling
5-
T
Ot AR
oy N
e
G 51 )
e
O
% -10 - _ -‘V A HA
= <+ HA+SC
@ -15+ S o l _le ® SC
S S - i
S 20 R
P
@ —25-
(0]
—
_30-
Baséline Interirln visit Finall visit Follolvv up
H)  Structured Counselling + Sound Therapy
5-
T
-
O]
(@)
e
@
e
O
§ ® sC
= & SC+ST
0 < ST
Q
CU 4 L
o 20 -
P
@ —25-
(0]
—
_30-

Baseline Interim visit Final visit Follow up



	SpringerNature_NatCommun_66165_ref.pdf
	Article File
	Figure 1
	Figure 2


