
Single versus Combination Treatment in Tinnitus: An 1 

International, Multicentre, Parallel-arm, Superiority, Randomised 2 

Controlled Trial 3 

Stefan Schoisswohl, Ph.D. 1,2, Laura Basso, Ph.D. 1, Jorge Simoes, Ph.D. 3, Milena Engelke, 4 

M.Sc. 1, Berthold Langguth, M.D. 1, Birgit Mazurek, M.D., Ph.D. 4, Jose Antonio Lopez-5 

Escamez, M.D., Ph.D. 5,6,7, Dimitrios Kikidis, M.D., Ph.D. 8, Rilana Cima, Ph.D. 9, Alberto 6 

Bernal-Robledano, M.Sc. 6,7, Benjamin Boecking, Ph.D. 4, Jan Bulla, Ph.D. 1,10, Christopher R. 7 

Cederroth, Ph.D. 11, 12, Holger Crump, Dipl.-Soz.-Wiss. 13, Sam Denys, Ph.D. 14,15, Alba 8 

Escalera-Balsera, M.Sc. 6,7, Alvaro Gallego-Martinez, Ph.D. 6,7, Silvano Gallus, Ph.D. 16, Hazel 9 

Goedhart, M.Sc. 17, Leyre Hidalgo-Lopez, M.D. 18, Carlotta M. Jarach, Ph.D. 16, Hafez Kader, 10 

M.Sc. 19, Michael Koller, Ph.D. 20, Alessandra Lugo, Ph.D. 16, Steven C. Marcrum, Ph.D. 21, 11 

Nikos Markatos, B.Sc. (Honors) 22, Juan Martin-Lagos, M.D. 6,23, Marta Martinez-Martinez, 12 

M.D., Ph.D. 6,23, Nicolas Muller-Locatelli, M.D. 23, Patrick Neff, Ph.D. 1,24, Uli Niemann, Dr. 13 

Ing. 19, Patricia Perez-Carpena, M.D., Ph.D. 6,7,23, Rüdiger Pryss, Ph.D. 25,26, Clara Puga, M.Sc. 14 
19, Paula Robles-Bolivar, M.Sc. 6,7, Matthias Rose, Ph.D. 27, Martin Schecklmann, Ph.D. 1, 15 

Tabea Schiele, M.Sc. 4, Miro Schleicher, M.Sc. 19, Johannes Schobel, Ph.D. 28, Myra 16 

Spiliopoulou, Dr. habil. 19, Sabine Stark, Dipl.-Psych. 4, Susanne Staudinger, M.A. 1, Alexandra 17 

Stege, Ph.D. 29, Beat Toedtli, Ph.D. 30, Ilias Trochidis, M.Sc. 31, Vishnu Unnikrishnan, M.Sc. 18 
19, Evgenia Vassou, M.Sc. 22, Nicolas Verhaert, M.D. Ph.D. 14,15, Carsten Vogel, M.Sc. 25,26, 19 

Zoi Zachou, M.D. 22 and Winfried Schlee, Ph.D. 1,30 20 
 21 
1 Department of Psychiatry and Psychotherapy, University of Regensburg, Regensburg, Germany 22 
2 Department of Human Sciences, Institute of Psychology, Universitaet der Bundeswehr München, Neubiberg, 23 
Germany 24 
3 Department of Psychology, Health and Technology, University of Twente, Enschede, The Netherlands 25 
4 Tinnitus Center, Charité – Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-26 
Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany 27 
5 Meniere's Disease Neuroscience Research Program, Faculty of Medicine & Health, School of Medical Sciences, 28 
The Kolling Institute, University of Sydney, Sydney, New South Wales, Australia 29 
6 Otology & Neurotology Group CTS495, Instituto de Investigación Biosanitaria, ibs.GRANADA, Universidad de 30 
Granada, Granada, Spain 31 
7 Sensorineural Pathology Programme, Centro de Investigación Biomédica en Red en Enfermedades Raras, 32 
CIBERER, 28029 Madrid, Spain 33 



 2 

8 First Department of Otorhinolaryngology, Head and Neck Surgery, National and Kapodistrian University of 34 
Athens, Hippocrateion General Hospital, Athens, Greece. 35 
9 Department of Health Psychology, Katholieke Universiteit Leuven, Leuven, Belgium. 36 
10 Department of Mathematics, University of Bergen, 5020 Bergen, Norway 37 
11 Department of Physiology and Pharmacology, Karolinska Institutet, Stockholm, Sweden 38 
12 Translational Hearing Research, Tuebingen Hearing Research Center, Department of Otolaryngology, Head 39 
and Neck Surgery, University of Tuebingen, Tübingen, Germany 40 
13 Patient Organisation "Hast Du Toene – Leben mit Tinnitus" Bergisch-Gladbach, Bergisch-Gladbach, Germany 41 
14 Department of Otorhinolaryngology, Head & Neck Surgery, University Hospital Leuven, Katholieke 42 
Universiteit Leuven, Leuven, Belgium 43 
15 Department of Neurosciences, Research Group Experimental Otorhinolaryngology (ExpORL), Katholieke 44 
Universiteit Leuven, Leuven, Belgium 45 
16 Department of Medical Epidemiology, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milan, Italy 46 
17 Tinnitus Hub, London, United Kingdom 47 
18 Department of Mental Health, Hospital Universitario Virgen de las Nieves, Granada, ES, Spain. 48 
19 Faculty of Computer Science, Otto-von-Guericke Universitaet Magdeburg, Germany 49 
20 Center for Clinical Studies, University of Regensburg, Regensburg, Germany 50 
21 Department of Otolaryngology, University Hospital Regensburg, Regensburg, Germany 51 
22 First Department of Otorhinolaryngology, Head and Neck Surgery, National and Kapodistrian University of 52 
Athens, Hippocrateion General Hospital, Athens, Greece. 53 
23 Department of Otolaryngology, Hospital Clinico Universitario San Cecilio, Granada, Spain 54 
24 Department of Otorhinolaryngology, Head&Neck Surgery, University Hospital Zurich, University of Zurich, 55 
Switzerland 56 
25 Institute of Clinical Epidemiology and Biometry University of Würzburg, Germany 57 
26 Institute of Medical Data Science, University Hospital of Würzburg, Würzburg, Germany 58 
27 Department of Internal Medicine and Psychosomatics, Charité – Universitätsmedizin Berlin, corporate member 59 
of Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany 60 
28 Institute DigiHealth, Neu-Ulm University of Applied Sciences, Neu-Ulm, Germany 61 
29 Centrale Biobank Charité (ZeBanC), Charité – Universitätsmedizin Berlin, corporate member of Freie 62 
Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany  63 
30 Institute for Information and Process Management, Eastern Switzerland University of Applied Sciences, St. 64 
Gallen, Switzerland 65 
31 ViLabs, Limassol 3030, Cyprus 66 
 67 
Corresponding author: 68 
Stefan Schoisswohl, Ph.D. 69 
Department of Psychiatry and Psychotherapy, University of Regensburg, Regensburg, Germany 70 
Stefan.schoisswohl@ukr.de  71 
0049 941 941 2096   72 

mailto:Stefan.schoisswohl@ukr.de


 3 

Abstract 73 

This international multicentre, parallel-arm, superiority, randomised controlled trial 74 

investigated whether combination therapies are superior to single interventions in the treatment 75 

of chronic subjective tinnitus. Tinnitus patients were recruited from five clinical sites across the 76 

EU and randomly assigned using a web-based system, stratified by their hearing and distress 77 

level, to single or combination treatment of 12 weeks. Cognitive-behavioural therapy, hearing 78 

aids, structured counselling (app-based), and sound therapy (app-based) were administered 79 

either alone or as a combination of two treatments resulting in ten treatment arms. The primary 80 

outcome was the difference in the change from baseline to week 12 in the total score of the 81 

Tinnitus Handicap Inventory (THI) between single and combination treatments in the intention-82 

to-treat population. All statistical analysis were performed blinded to treatment allocation. 674 83 

patients of both sexes aged between 18 and 80 years were screened for eligibility. 461 84 

participants (190 females) with chronic subjective tinnitus and at least mild tinnitus handicap 85 

were enrolled, 230 of which were randomly assigned to single and 231 to combination 86 

treatment. Least-squares mean changes from baseline to week 12 were -11.7 for single 87 

treatment (95% confidence interval [CI], -14.4 to -9.0) and -14.9 for combination treatments 88 

(95% CI, -17.7 to -12.1), with a statistically significant group difference (p=0.034). Cognitive-89 

behavioural therapy and hearing aids alone had large effect sizes, which could not be further 90 

increased by combination treatment. No serious adverse events occurred. In this trial involving 91 

patients with chronic tinnitus, all treatment arms showed improvement in THI scores from 92 

baseline to week 12.  Combination treatments showed a stronger clinical effect than single 93 

treatment, however, no clear synergistic effect was observed when combining treatments. 94 

Instead, we observed a compensatory effect, where a more effective treatment offsets the 95 

clinical effects of a less effective treatment. ClinicalTrials.gov Identifier: NCT04663828. 96 

 97 

  98 
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Introduction 99 

Tinnitus is defined as “the conscious awareness of a tonal or composite noise for which there 100 

is no identifiable external acoustic source”,1 with an estimated prevalence of 14.4% (95% 101 

confidence interval [CI], 12.6 to 16.5) in the global population, with 2.3% (95% CI, 1.7 to 3.1) 102 

being severely affected.2 Severe tinnitus is associated with emotional stress, cognitive 103 

dysfunction, and/or autonomic arousal, leading to maladaptive behavioural changes and 104 

functional disability.1 105 

Numerous causes and risk factors for tinnitus have been identified,3 whereby peripheral and 106 

central mechanisms are involved in its emergence and maintenance, exemplified by 107 

pathological alterations in the ear, along the auditory pathway4, as well as in non-auditory brain 108 

regions.5 There is a broad spectrum of aetiologies, phenotypes, and underlying 109 

pathophysiological mechanisms of tinnitus. Many adults with chronic tinnitus report having 110 

tried multiple tinnitus treatments before finding a treatment that reduces their tinnitus distress.6 111 

Despite the availability of treatment guidelines,7,8 clear guidance on which treatment strategy 112 

is best for the individual patient is not yet available. A viable option for clinical management 113 

could be the combination of different treatment options to target various facets of this symptom 114 

simultaneously. 115 

However, studies on the effectiveness of combining clinical interventions are scarce.9–11 116 

Prominent examples of combining different treatment types are represented by the combination 117 

of acoustic therapy with directive counselling as implemented in the Tinnitus Activities 118 

Treatment12 or the Tinnitus Retraining Therapy.13 119 

The primary objective of the current trial was to investigate if combination treatments are more 120 

effective than single treatments for patients with chronic tinnitus. Four established treatment 121 

strategies were selected: cognitive-behavioural therapy (CBT), hearing aids (HA), structured 122 

counselling (SC), and sound therapy (ST).14 Participants were randomised either to a single 123 

treatment out of this set of treatments or to a combination of two treatments. Further, we attempt 124 



 5 

to overcome methodological weaknesses15 of previous trials by investigating a large 125 

multinational sample of tinnitus patients, using harmonised patient selection and screening 126 

procedures, as well as standardised interventions and assessments. 127 

 128 

Results 129 

Between Apr 16, 2021, and Sept 20, 2022, 674 persons with tinnitus were assessed for 130 

eligibility, of whom 461 (68.3%) fulfilled the inclusion criteria and consented to participate. 131 

After randomisation, 230 were allocated to single treatments and 231 were allocated to 132 

combination treatments (Figure 1).  133 

The initial planned sample size for the trial was 500 patients.16 Since our study plan required a 134 

recruitment of an exact number of patients with specific tinnitus profiles (eligibility criteria and 135 

stratification proceedings), plus the trial was performed during the COVID-19 pandemic with 136 

country-specific hospital policies, recruitment and inclusion processes lasted longer than 137 

expected. Hence, we closed the trial in December 2022 with N = 461 included and treated 138 

patients, in order to keep to the schedule of our funding period (Granada: 89, Athens: 99, 139 

Leuven: 74, Regensburg: 100, Berlin: 99). A post hoc power computation indicates that with a 140 

two-tailed alpha level of less than 5%, the available sample size of N = 461 provides our trial 141 

with 79.5% power to detect an effect size of 0.26. 142 

Table 1 shows the baseline characteristics by treatment arm. Mean baseline THI total scores 143 

were 48.5 (SD 19.5) in the single treatment group and 47.4 (SD 19.9) in the combined treatment 144 

group. Except for age and hearing aid indication, the baseline characteristics were generally 145 

well balanced between the treatment arms (see Table 1 and Table S6). Both age and hearing aid 146 

indication were considered as covariates during statistical analyses. The difference in hearing 147 

aid indication results from randomising only individuals with relevant hearing loss to HA 148 

treatment arms. Results of audiometric measurements are shown in Figure S2 and S3. 149 
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Participants’ baseline characteristics were similar to the group of persons with tinnitus seeking 150 

medical help in the general population (Table S7). 151 

Regarding the primary objective, the least-squares mean change from baseline to week 12 in 152 

the THI total score was -11.7 (95% CI -14.4 to -9.0) for the single treatment groups and -14.9 153 

(95% CI, -17.7 to -12.1) for the combination treatment arms (see Figure 2 & Table 2) 154 

(interaction effect [single vs. combination treatments at final visit vs. baseline] ß = 3.2, 95% 155 

CI, 0.2 to 6.1, p = 0.034).  156 

Model parameters and model assumptions for the primary objective can be found in Table S8 157 

and Figure S4. The least-squares mean change from baseline to week 12 in the THI total score 158 

for the single vs. combination treatment comparison for each treatment strategy is reported in 159 

Table 2, and separately for every treatment arm in Table 3 and Figure S5; and further separated 160 

by hearing aid indication in Table S9 and tinnitus severity in Table S10. Figure 2 shows least-161 

squares mean changes from baseline to interim visit at week 6, final visit at week 12, and follow-162 

up at week 36 for both the overall and individual single-combination treatment comparison. 163 

The results of the remaining objectives (as outlined in the SAP)17 and time points (interim visit 164 

and follow up) are reported in Tables S11 – S13. Country-specific changes for the THI from 165 

baseline to final visit for single and combination treatment as well as for all treatment arms can 166 

be found in Table S14. 167 

Regarding the secondary outcome measures, least-squares mean change from baseline to week 168 

12 for TFI, Mini-TQ, PHQ-9, WHO-QoL, and NRS (all objectives) are shown in Tables 2 and 169 

3 as well as Tables S15 – S27. Results of CGI-I are reported descriptively for single and 170 

combination treatment groups at final visit, see Figure S6 & S7, and separated by hearing aid 171 

indication (Figure S8) and tinnitus severity (Figure S9).  172 

No SAE was evident in any patient. AEs appeared in 49 (21.3%) participants in single treatment 173 

groups, and in 49 (21.2%) participants in combination treatment groups. The most relevant AEs 174 

reported by patients were worsening of the tinnitus percept (6); worsening of their 175 
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psychological health (3); sleep problems (2); pain in the ear when wearing the hearing aid (1), 176 

ear infection (1), inflammation of the ear (1), dizziness (1), and mild transient hearing loss (1). 177 

Worsening of tinnitus symptoms is a relative common side-effect in tinnitus studies, as patients 178 

are focussing their attention more intently on their tinnitus to evaluate potential changes in 179 

tinnitus characteristics. Given the absence of any SAE and the low number of adverse reactions 180 

associated potentially with the various treatments, the present intervention types can be 181 

considered as safe. As AEs were rather rare and not severe, we abstained from analysing the 182 

strength of the relationship with treatment interventions and from documenting the time course 183 

of the reported AEs. A full listing of all AEs per treatment arm is provided in Table S28. 184 

Information on treatment adherence is given in Figure S1 and Table S29. 185 

Pairwise post-hoc contrasts for the THI least-squares mean change revealed statistically 186 

significant (Bonferroni adjusted) differences between ST and CBT, ST and CBT+SC, ST and 187 

CBT+ST, ST and HA, and ST and HA+SC. For all other treatment contrasts, no statistically 188 

significant differences were found (all p-values > 0.050). Statistical parameters for all post-hoc 189 

contrasts are listed in Table S30. Sensitivity analyses of our primary outcome using no 190 

imputation and the method of Last Observation Carried Forward yielded similar results as our 191 

ITT analysis. However, under the assumption that data is not missing at random, our ITT 192 

findings cannot be upheld (Table S31 – S32). PP findings were different for the overall single 193 

vs. combination contrast (no statistical superiority of combination treatment; β = 2.8, 95% CI, 194 

-1.6 to 7.2, p = 0.206) (Figure S10, Tables S33 – S34). Exploratory analysis included the effect 195 

size estimates Cohen’s d for all treatment arms which are shown in Table 3 and Figure 2. 196 

 197 

Discussion 198 

In this randomised trial on chronic tinnitus, the effectiveness of established tinnitus treatments 199 

(cognitive-behavioural therapy (CBT), hearing aids (HA), structured counselling (ST), and 200 

sound therapy (ST)) applied either alone or as a combination of two treatments was 201 
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investigated. All treatments were safe and the improvement in THI scores from baseline to week 202 

12 was statistically stronger for combination compared to single treatment. However, a more 203 

detailed analysis of our data by pairwise post hoc comparisons of the various treatment arms 204 

suggests that the additional effect of a treatment combination depends on the effectiveness of a 205 

single treatment. In the case of ST, a clear superiority in favour of combination treatment was 206 

present, with the combination CBT+ST being statistically superior to single ST. Importantly, 207 

there was no statistically significant difference between CBT alone and CBT+ST. This finding 208 

shows that combining a treatment with low effectiveness (in this case ST) together with a 209 

treatment of high effectiveness (in this case CBT) does not lead to a simple regression to the 210 

mean.  211 

Rather the high-effectiveness treatment counterbalances the effect of the low-effectiveness 212 

treatment and elevates the clinical improvement up to a level comparable to the single high-213 

effectiveness treatment. Together with the observation that ST was the treatment which 214 

demonstrated the smallest improvements in tinnitus-related handicap (statistically significant 215 

less than CBT, HA, CBT+SC, CBT+ST, HA+SC), the additional beneficial effect of a treatment 216 

combination appears to depend on how effective a single treatment already performs. For the 217 

single treatment arm with ST, we observed a weak effect size of 0.24 (confidence interval [CI], 218 

-0.02 to 0.53) while combinations of treatments including ST yielded medium to strong effect 219 

sizes: SC+ST (Cohen’s d = 0.71, CI, 0.46 to 1.02), HA+ST (Cohen’s d = 0.78, CI, 0.43 to 1.37), 220 

and CBT+ST (Cohen’s d = 0.80. CI, 0.55 to 1.12), which is driven by the combination 221 

treatments of higher effectiveness. 222 

The weak clinical effectiveness of sound treatment alone is in line with previous work where 223 

sound treatment was used as an active control.18,19 This trial shows that combining a treatment 224 

of weak clinical effectiveness with a treatment of stronger clinical effectiveness 225 

counterbalanced the weak effect and provokes a clinical improvement comparable to the 226 
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stronger effect. On the other hand, if a single treatment is already effective, a combination might 227 

not result in a synergistic effect. 228 

Previous investigations evaluated combination treatments for tinnitus as well.9–11 For instance 229 

it was demonstrated that Tinnitus Retraining Therapy,13 which combines a specific acoustic 230 

therapy with directive counselling, reduced tinnitus symptoms more effectively than 231 

counselling alone.9  232 

This is the first systematic trial to investigate CBT, HA, ST, and SC within the scope of one 233 

investigation. CBT approaches demonstrate the best body of evidence so far and are thus 234 

recommended by current treatment guidelines.7,8,20 Of today, the recommendation for HAs is 235 

restricted to the treatment of concomitant hearing loss, and there is no recommendation for ST 236 

due to a lack of clear scientific evidence.21–23 Counselling is recommended in form of 237 

information about tinnitus and the learning of potential coping strategies. However, counselling 238 

is usually not systematically structured and not investigated as such.24 239 

With the present trial, we can directly put into perspective the effect size of CBT as the most 240 

established evidence-based treatment in tinnitus,7,8,20,25,26 with HA, ST, and SC (ST and SC 241 

provided with mobile applications) as well as their combinations as treatment options for 242 

tinnitus. Further, the present trial provides the first large-scale evidence for HA and SC 243 

(administered as stand-alone treatments), with a clinical effectiveness on a similar level as CBT. 244 

In view of the interpretation of the present findings for HAs, it is important to point out that the 245 

primary focus of a HA is on reducing hearing impairment by amplification of peripheral sounds 246 

and that this benefit could be conflated with an amelioration in tinnitus-related symptoms.  247 

In a separate analysis by Schiele et al., data from our HA single treatment arm was used to 248 

investigate whether tinnitus frequency, hearing loss, HA-usage duration or the accuracy of HA 249 

fitting might serve as a predictor for treatment response. None of the mentioned variables 250 

predicted an improvement in tinnitus-related distress (THI, TFI) or subjective tinnitus 251 

loudness.27 252 
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The combination of HA+SC, which provided the strongest effect size in our trial, has not been 253 

investigated so far, and data about the clinical effectiveness in tinnitus are not yet available.21,22 254 

It should also be considered that we worked with a selected set of four tinnitus treatments and 255 

combinations of only two treatment types. Thus, it remains unknown, whether the combination 256 

of other treatment sets or combinations of three or more treatment types would lead to additional 257 

treatment benefits. Any interpretation of our findings should keep in mind, that we investigated 258 

specific applications of CBT, HA, ST, and SC. Potential reasons for the low efficacy of ST and 259 

SC in the present trial might include its self-administration, the limited interaction with a 260 

clinical specialist and/or the absence of specific instructions (stimulus, loudness, duration etc.). 261 

Thus, our conclusions on ST and SC might not be directly applied to a traditional clinical 262 

setting, where patients are not necessarily followed-up. 263 

The duration of treatment was 12 weeks in all treatment arms. Meaningful clinical 264 

improvements were observed in most treatment arms after 6 weeks and improved further 265 

towards the final assessment after 12 weeks and remained during the follow-up period.  266 

Despite the usage of interventions allowing for a high level of patient flexibility (SC and ST 267 

via mobile applications, HA), treatment compliance/adherence was low (see Figure S1 and 268 

Table S29) and dropout rates were high in our trial (per-protocol (PP) sample of 185 patients).  269 

CBT treatment arms, which require a high level of commitment with several on-site visits, 270 

demonstrated the highest proportion of dropouts in our trial, which potentially limits the 271 

interpretability and robustness of our CBT findings, as non-responders may be overrepresented 272 

among dropouts. In another recent study, in which CBT was compared with Neurofeedback, 273 

the CBT dropout rate was in a similar high range like in our study.28 There is a large body of 274 

evidence in the literature that CBT is effective in the treatment of tinnitus (for an overview see 275 

the Cochrane review by Fuller et al., 2020),25 and has been recommended in European 276 

guidelines for the management of tinnitus.8  However, all studies investigating CBT alone might 277 

be susceptible to a selection bias, as only patients with motivation for CBT would have been 278 



 11 

enrolled. The relatively high dropout rate of CBT in studies comparing various treatment 279 

options reflects the clinical experience of the real-world situation where a relevant subgroup of 280 

patients is not willing to undergo CBT. Detailed information on dropout reasons per treatment 281 

arm are listed in Tables S2 – S5.  282 

With the application of two treatments in combination, the chances that one or even both 283 

treatments are not conducted as intended are increasing. The lack of monitoring, strict guidance, 284 

or outpatient care in the case of SC, ST and HA, might be further potential reasons for treatment 285 

non-adherence. Furthermore, high dropout rates are a well-known issue in mobile health 286 

interventions.29 Another reason could be that patients were randomized to treatments and did 287 

not receive the treatment they desired. Under ideal treatment compliance/adherence (PP 288 

analysis), we observed no overall superiority of combination treatments. 289 

A potential explanation for this incongruency between intention-to-treat (ITT) and PP analysis 290 

might be that under perfect conditions (PP), a single treatment which is conducted properly is 291 

already effective on its own and thus there is no clear additional beneficial effect of a 292 

combination treatment. However, if one or two treatments are not properly conducted (ITT), as 293 

it is most probably the case in the everyday clinical treatment of tinnitus, a combination of 294 

treatments provides an additional benefit. Our results indicate that there is a high need for 295 

further research to better understand the clinical benefits of combination treatment; to get more 296 

profound insights behind the reasons for low treatment adherence; and in approaches to increase 297 

treatment adherence in daily clinical practice, such as the implementation of behavioral change 298 

techniques or more extensive patient education. 299 

A control group was not included in this trial, as the answer to the main question (comparison 300 

of single and combined treatment) did not require a control group. Nevertheless, a control group 301 

may have been helpful as an anchor for comparison with the ten treatment arms. However, our 302 

results of CBT as single treatment correspond very well to meta-analytic data of its efficacy25 303 

and thus provide an anchor for a well-established evidence based treatment approach. Further, 304 
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our data demonstrates low effectiveness of ST as a single treatment, supporting its use as an 305 

active control condition in randomised controlled trials.18,19 Thus, the two treatment arms CBT 306 

and ST can be considered as reliable reference anchors for the interpretation of the results of 307 

the other 8 investigated treatment arms. Even though in 18% of all participants data of the 308 

primary outcome (THI) was missing, the sensitivity analysis using no imputation came to 309 

similar findings, which was further corroborated by applying the Last Observation Carried 310 

Forward approach. Yet, under the assumption of “missing not at random” and after conducting 311 

additional robustness evaluations using three different reference-based imputation methods, our 312 

findings cannot be sustained (see Tables S31-S32). 313 

In this trial involving adults with chronic tinnitus, we found that 12 weeks of treatment with 314 

CBT, HAs, SC, or ST applied as single or in combinations of two treatments led to an 315 

amelioration in tinnitus-related handicap. There was no unambiguous synergistic effect of 316 

treatment combination, rather a compensatory effect, where a more effective treatment offsets 317 

the clinical effects of a less effective treatment. In clinical situations where it is unclear which 318 

treatment will benefit the particular patient, a combination of treatments might help to increase 319 

the chances of treatment success. 320 

 321 

Methods 322 

Study design 323 

This was an investigator-initiated, international, multicentre, parallel-arm, superiority, 324 

randomised controlled clinical trial conducted in five hospitals across four European countries 325 

(Leuven, Belgium; Berlin and Regensburg, Germany; Athens, Greece; and Granada, Spain; see 326 

Table S35 in the Supplementary Appendix) as part of the UNITI project (Unification of 327 

Treatments and Interventions for Tinnitus Patients).30 Included patients received treatment 328 

between April 2021 and December 2022. Detailed information about the trial rationale, design, 329 

methodological approaches, and statistical analysis strategies are published in the study 330 



 13 

protocol and statistical analysis plan (SAP).16,17 The study was approved by local ethics 331 

committees at every clinical site independently (combined ethical approval for German sites; 332 

please find the ethical approval documents in the Supplementary Appendix). Further, all authors 333 

vouch for the completeness and correctness of the data, adherence of the trial to the study 334 

protocol,16 as well as adherence of data analysis strategies to the SAP.17 A detailed list of author 335 

contributions can be found in Table S36 in the Supplementary Appendix. Written informed 336 

consent was obtained from all eligible patients prior to trial participation. For the preparation 337 

of this report we used the CONSORT guidelines  (Consolidated Standards of Reporting 338 

Trials).31  339 

 340 

Participants 341 

Adults of both sexes (self-reported) aged between 18 and 80 years with chronic subjective 342 

tinnitus (lasting for six months or more) were recruited and screened at each clinical site. 343 

Inclusion criteria for trial participation were at least mild tinnitus handicap according to the 344 

Tinnitus Handicap Inventory32 (THI; score ≥ 18) and tinnitus as primary complaint. Exclusion 345 

criteria were: presence of a mild or worse cognitive impairment according to the Montreal 346 

Cognitive Assessment33 (MoCa; score ≤ 22); any relevant ear disorders or acute infections of 347 

the ear; one deaf ear; severe hearing loss (inability to communicate properly) as well as serious 348 

internal, neurological, or psychiatric conditions. Existing drug therapies with psychoactive 349 

substances had to be stable, and no start of any other tinnitus-related treatment in the last three 350 

months before trial participation was allowed. A detailed list of all eligibility criteria can be 351 

found in the trial protocol.16 Written informed consent was obtained from all participants. 352 

 353 

Randomisation and blinding 354 

After successful on-site screening, eligible participants were stratified in four equally sized 355 

strata based on their THI total score (low [< 48] and high [≥ 48] tinnitus-related handicap) and 356 
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hearing aid indication (yes and no, criteria for hearing aid indication: Table S37). Criterion for 357 

low and high tinnitus-related handicap was defined based on historical data obtained from 837 358 

patients at the clinical site in Regensburg with a median THI score of 48. Hearing aid indication 359 

criteria were specified by a group of international experts in the fields of audiology and 360 

otolaryngology (see Table S38). Participants were then randomised to one of ten treatment arms 361 

comprised of single (CBT, HA, SC, ST) and combination interventions (CBT+HA, CBT+SC, 362 

CBT+ST, HA+SC, HA+ST, SC+ST) under consideration of the stratification group. Patients 363 

from the two strata without hearing aid indication were not randomised in treatment groups that 364 

comprised HA treatment. The stratification according to tinnitus-related handicap was 365 

performed to ensure an equal representation of patients with high and low tinnitus distress in 366 

different treatment arms and thus avoid potential misinterpretations of our findings due to large 367 

differences in baseline tinnitus severity across treatment arms. Randomisation was conducted 368 

at each clinical site with an interactive web response system developed together with 369 

biostatisticians from the contract research organization Excelya (www.excelya.com). Excelya 370 

was further responsible to monitor all randomisation proceedings. Treatment codes were used 371 

to ensure blindness of the statistical analysis team to the type of treatment patients received. 372 

Unblinding was conducted after analyses completion. Patients and investigators/assessors were 373 

not blinded. See study protocol and statistical analysis plan for more detailed information.16,17 374 

 375 

Procedures  376 

Single and combination treatments were applied over a 12-week treatment phase. All treatment 377 

procedures were designed by dedicated experts in their respective fields (see Table S38 for 378 

expert team per treatment type) and described in detail in the study protocol.16 To ensure 379 

consistency with respect to treatment and assessment implementation across clinical sites, 380 

workshops were held, and Standard Operation Procedure documents were created. Two of the 381 
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four treatment types were unguided, app-based therapies, minimising potential differences. HA 382 

fitting was standardised, and CBT was co-developed specifically for this trial. 383 

CBT was based on the concept of fear-avoidance using exposure therapy.34,35 The exposure 384 

exercises were delivered by trained psychologists or psychotherapists in weekly face-to-face 385 

group sessions (1.5-2 hours weekly; 12 weeks; group size: six to eight participants). For HA 386 

treatment, behind-the-ear hearing instruments (Type Signia Pure 312 7X; Sivantos Pte. Ltd., 387 

Singapore, Republic of Singapore/ WSAudiology, Lynge, Denmark) were fitted bilaterally with 388 

all noise-related signal processing deactivated by audiologists or HA acousticians according to 389 

the National Acoustic Laboratories-Non-Linear 2 generic amplification proceeding.36 SC and 390 

ST were self-administered on a daily basis via a dedicated UNITI mobile application, which 391 

was available for Android and iOS devices as well as free of charge.37 SC was oriented on 392 

recent European guidelines for tinnitus management8 and consisted of 12 chapters featuring 393 

structured patient education (e.g., facts about tinnitus, brain and sound perception; myths and 394 

misconceptions about tinnitus; diagnosis of tinnitus; special types of tinnitus; therapeutic 395 

approaches; psychological and behavioural aspects) and tips on how to handle tinnitus distress. 396 

ST included 64 different artificial and naturalistic sounds with various state of the art 397 

modulation or filter techniques. Loudness and length of the sounds was adjustable by the 398 

patients. There are many different SC and ST approaches administered by clinicians. For clarity, 399 

we want to mention that our app-based approach did not follow the Tinnitus Retraining Therapy 400 

protocol. 401 

Treatment compliance was assessed via participation in CBT treatment sessions (≥6 CBT 402 

sessions; including the first two), usage log files for HAs (average use of ≥4 hours/day) and 403 

app-use logfiles for SC (completion of the first six chapters) and ST (using each of the four 404 

sound stimuli categories once)17. Demographic and clinical characteristics were assessed at 405 

baseline (before treatment) using the European School of Interdisciplinary Tinnitus Research 406 

Screening Questionnaire (ESIT-SQ).38 Outcome measures were assessed at baseline, interim 407 
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(after 6 weeks of treatment), final (after 12-week treatment period), and follow-up (36 weeks 408 

after baseline) visits. An additional follow-up visit was conducted 48 weeks after baseline. This 409 

visit was a voluntary follow-up visit. Due to a large amount of missing data (only 32.54% of 410 

participating patients provided data), no reliable conclusions can be drawn from the analysis 411 

and therefore this additional follow-up was not included in the final outcome measure analysis. 412 

 413 

Outcome measures 414 

The primary outcome between single and combination treatment was the difference in total 415 

score change from baseline to final visit (after 12 weeks of treatment) in the Tinnitus Handicap 416 

Inventory (THI).32 The THI consists of 25 items designed to evaluate the perceived impact of 417 

tinnitus on an individual’s daily life. Each item provides three response options: “No”, 418 

“Sometimes” and “Yes”, which are scored as 0,2 and 4 points respectively. The total THI score 419 

is obtained by summing the scores of all items, resulting in a score that ranges from 0 to 100, 420 

with higher sores indicating greater perceived handicap due to tinnitus. Changes from baseline 421 

to interim visit, and follow-up were examined in secondary analyses as well. Despite some 422 

critique on its sensitivity, 39,40 the THI was chosen as the primary outcome measure, since i) it 423 

is the most widely used instrument in clinical settings and is recommended as an outcome for 424 

clinical trials based on expert consensus,41–43 ii) there is high evidence of a conformity between 425 

the THI, the Tinnitus Functional Index (TFI)44, and the Tinnitus Questionnaire (TQ),45 plus iii) 426 

a validated version was available in the required languages (Dutch, German, Greek, Spanish) 427 

at the time of trial registration and the definition of our primary outcome measure. 46–49 428 

Secondary outcome measures included the TFI, the Mini Tinnitus Questionnaire (Mini-TQ),50 429 

the Patient Health Questionnaire for Depression (PHQ-D/PHQ-9),51 the abbreviated version of 430 

the World Health Organisation - Quality of Life questionnaire (WHO-QoL)52 as well as 431 

numeric rating scales (NRS; 0 - 10) for tinnitus impairment (0 - not a problem; 10 - very big 432 

problem), tinnitus loudness (0 - not at all loud; 10 - extremely loud), tinnitus-related discomfort 433 
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(0 - no discomfort; 10 - severe discomfort), annoyance (0 - not at all annoying; 10 - extremely 434 

annoying), unpleasantness (0 - not at all unpleasant; 10 - extremely unpleasant), and ability to 435 

ignore the tinnitus (0 - very easy to ignore; 10 - impossible to ignore).53 Clinical improvement 436 

was measured with the Clinical Global Impression Scale – Improvement (CGI-I).54 There is 437 

expert-based consensus on which outcome domains should be ideally assessed in tinnitus trials. 438 

However, there is still no consensus-based recommendation on which standardised instruments 439 

should be used within the selected outcome domains.55 Different secondary outcome measures 440 

were considered here to underpin interpretability, validity as well as comparability of potential 441 

findings with past and future research. 442 

Questionnaires were filled out by the patients using a graphical interface of the UNITI 443 

database.16 Patients could also opt for paper-pencil versions, and data was subsequently entered 444 

into the UNITI database by the local study team.  445 

Adverse (AE) and serious adverse events (SAE) were defined according to the guidelines for 446 

Good Clinical Practice §3 (6,8). AEs were assessed and recorded during each visit with respect 447 

to start and end date, intensity, relation to intervention, impact on treatment, and actions taken. 448 

Any SAE during the 12-week treatment phase led to a stop of the patient’s respective treatment 449 

and was immediately reported to the local ethics committee.  450 

 451 

Statistical Analysis 452 

The sample size was determined a priori on an estimated effect size of 0.26, an alpha level of 453 

5% and a power of 80% (two-sided test). Based on that, the necessary sample size is 468. 454 

Considering potential dropouts, the aim was to recruit a total sample size of N = 500.16 455 

The statistical analysis was performed in the intention-to-treat (ITT) population of N = 461, 456 

including all randomised participants, regardless of compliance with the study protocol. For the 457 

primary analysis (combination against single treatments), we estimated that with a two-tailed 458 

alpha level of less than 0.05, the sample size of N = 461 provides the trial with 90% power to 459 
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detect an effect size of 0.30 (lower end of 95% CI for effect size of behavioural therapy 460 

interventions according to the latest Cochrane Review on tinnitus).25  461 

For the ITT analysis, missing values (THI: 18%, education: 3.5%, PHQ-9 baseline: 2.6%) were 462 

imputed using multilevel imputation (R package mitml)56,57; see Figure S11 for the 463 

distribution of imputed THI values. This approach is considered the gold standard for dealing 464 

with missing data.58 As sensitivity analysis, a per-protocol (PP)  was conducted on all patients 465 

who met the requirements for treatment compliance as defined in the SAP (N = 185).17 466 

Additional sensitivity analyses were performed in the primary outcome without imputation, 467 

three different reference-based imputation approaches (jump to reference, copy increments in 468 

reference, copy reference, R package RefBasedMI)59,60 assuming data is not missing at 469 

random and the method of Last Observation Carried Forward. The analysis of the primary 470 

objective was performed in the ITT population to test the effectiveness of combination 471 

treatments against single treatments (control group). Further comparisons between single versus 472 

combination treatments for all 4 single treatments separately (CBT single vs. combined, HA 473 

single vs. combined, SC single vs. combined, ST single vs. combined) as well as comparisons 474 

between all ten treatment arms were performed. Detailed information on which treatment arms 475 

were pooled for which type of comparison can be found in the SAP.17  476 

To address all objectives, mixed effect models were applied (with REML using the lme4 R 477 

package)61 by considering the outcome as the response variable and including the corresponding 478 

objective, time point (baseline, interim visit, final visit, and follow-up), and objective-by-time 479 

interaction as fixed effects, including centre and subject ID as random intercepts. The models 480 

were adjusted for the following covariates: age, sex, educational attainment, hearing aid 481 

indication, and PHQ-9 baseline scores.17 The results of the remaining objectives as described 482 

in the SAP are reported in the Supplementary Appendix. Additionally, we evaluated THI score 483 

changes from baseline to final visit for single and combination treatment as well as all 484 

individual treatment arms separately by country to assess potential country-specific effects. 485 
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Results are reported as least-squares mean changes (obtained via the emmeans R package)62 486 

with 95% CI. All analyses were performed in R (version 4.2.2).  487 

De-identified data (pseudo-anonymised code) were gathered in a central database, which was 488 

regularly monitored and systematically checked for missing and invalid data (every six weeks). 489 

After database closure and prior to analysis, data from each clinical centre were checked again 490 

for validity and completeness. This study was registered at ClinicalTrials.gov, NCT04663828. 491 

 492 

Data availability 493 

De-identified data reported and analysed here will be available upon request to the 494 

corresponding author. The complete dataset (incl. 48-week follow-up) and its description is 495 

currently under preparation for publication and release via ZENODO. Status of the data 496 

availability will be updated on the UNITI website (https://uniti.tinnitusresearch.net/). 497 

 498 
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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 = 
Structured Counselling; ST = Sound Therapy; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire 
 
.

Table 1. Demographic and clinical characteristics of the participants at baseline (stratified by treatment arm). 

Characteristics CBT 
(n=56) 

HA 
(n=59) 

SC 
(n=56) 

ST 
(n=59) 

CBT+HA 
(n=17) 

CBT+SC 
(n=51) 

CBT+ST 
(n=54) 

HA+SC 
(n=19) 

HA+ST 
(n=27) 

SC+ST 
(n=63) 

Overall 
(N=461) 

Demographic characteristics 

Sex              

 Male (%) 34 
(60.7%) 

36 
(61.0%) 

39 
(69.6%) 

32 
(54.2%) 

12 
(70.6%) 

27 
(52.9%) 

33 
(61.1%) 

12 
(63.2%) 

18 
(66.7%) 

28 
(44.4%) 

271 
(58.8%) 

 Female (%) 22 
(39.3%) 

23 
(39.0%) 

17 
(30.4%) 

27 
(45.8%) 

5  
(29.4%) 

24 
(47.1%) 

21 
(38.9%) 

7  
(36.8%) 

9  
(33.3%) 

35 
(55.6%) 

190 
(41.2%) 

Age (years) 48.8 
±12.3 

53.4 
±11.7 

49.8 
±13.1 

50.3 
±14.0 

56.0 
±10.4 

54.0 
±12.0 

46.4 
±12.9 

51.6 
±14.0 

55.0 
±11.2 

51.2 
±9.8 

51.1 
±12.4 

PHQ-9 total score 7.3 
±4.9 

7.3 
±4.8 

7.2 
±4.5 

8.5 
±5.2 

5.8 
±4.6 

6.8 
±4.3 

7.9 
±5.0 

6.8 
±3.2 

7.0 
±5.6 

7.0 
±5.5 

7.3 
±4.9 

Tinnitus characteristics 

Tinnitus duration  
(in months) 

119 
±127 

126 
±100 

85 
±77 

115 
±114 

101 
±111 

154 
±140 

110 
±99 

159 
±144 

124 
±108 

119 
±116 

119 
±113 

Hearing aid 
indication (%) 

19 
(33.9%) 

59 
(100%) 

19 
(33.9%) 

20 
(33.9%) 

17 
(100%) 

18 
(35.3%) 

17 
(31.5%) 

19 
(100%) 

27 
(100%) 

19 
(30.2%) 

234 
(50.8%) 

THI total score 47.8 
±20.3 

48.8 
±19.2 

48.6 
±20.6 

48.7 
±18.1 

42.2 
±18.9 

45.5 
±18.9 

48.0 
±19.3 

52.2 
±21.9 

50.1 
±20.1 

47.2 
±20.9 

48.0 
±19.7 

TFI total score 47.8 
±21.4 

50.6 
±18.8 

48.5 
±20.7 

50.9 
±18.1 

46.1 
±18.9 

42.9 
±18.8 

47.4 
±22.7 

51.7 
±21.3 

54.5 
±21.4 

48.1 
±20.9 

48.6 
±20.3 

Mini-TQ total 
score 

11.4 
±5.2 

12.2 
±4.6 

11.8 
±5.4 

12.5 
±5.0 

10.7 
±4.0 

11.2 
±5.0 

12.3 
±4.6 

11.9 
±5.2 

12.3 
±6.0 

12.0 
±5.2 

11.9 
±5.0 

Tinnitus loudness 
(rating) 

6.2 
±2.1 

6.7 
±1.7 

6.4 
±2.4 

6.3 
±2.1 

6.3 
±2.7 

6.0 
±2.6 

6.2 
±2.6 

6.4 
±2.3 

7.2 
±1.6 

6.3 
±2.2 

6.4 
±2.2 
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Table 2. Primary and Secondary Clinical Outcomes at Final Visit: Single vs. Combination (ITT). 721 

Table 2. Primary and Secondary Clinical Outcomes at Final Visit: Single vs. Combination (Intention-to-Treat Population). 
 All treatments Cognitive Behavioural 

Therapy 
Hearing Aid Structured Counselling Sound Therapy 

 Single Combination Single Combination Single Combination Single Combination Single Combination 
Primary outcome           
THI            
Change from 
baseline  

-11.7 -14.9 -16.9 -15.6 -14.4 -15.7 -12.0 -15.5 -3.8 -13.2 

(95% CI)  (-14.4 to  
-9.0) 

(-17.7 to  
-12.1) 

(-22.8 to  
-10.9) 

(-19.5 to 
-11.7) 

(-19.5 to 
-9.4) 

(-20.7 to 
-10.7) 

(-17.5 to 
-6.5) 

(-19.3 to 
-11.7) 

(-9.3 to 
1.6) 

(-16.7 to 
-9.8) 

Secondary 
Outcome 

          

TFI           
Change from 
baseline 

-11.0 -11.6 -16.1 -12.1 -14.5 -13.9 -9.7 -10.1 -3.7 -11.7 

(95% CI) (-13.9 to  
-8.0) 

(-14.7 to 
-8.5) 

(-22.1 to 
-10.1) 

(-16.3 to 
-7.9) 

(-20.2 to 
-8.9) 

(-19.4 to 
-8.4) 

(-15.5 to 
-3.9) 

(-14.0 to 
 -6.2) 

(-9.6 to 
2.1) 

(-15.5 to 
-7.9) 

Mini-TQ           
Change from 
baseline 

-2.9 -3.4 -4.1 -3.8 -3.5 -3.0 -2.9 -3.4 -1.2 -3.0 

(95% CI) (-3.6 to 
-2.2) 

(-4.1 to 
-2.7) 

(-5.5 to 
-2.6) 

(-4.8 to 
-2.8) 

(-4.7 to 
-2.4) 

(-4.2 to 
-1.9) 

(-4.3 to 
-1.4) 

(-4.3 to 
-2.5) 

(-2.6 to 
0.2) 

(-3.9 to 
-2.2) 

NRS - tinnitus 
loudness 

          

Change from 
baseline 

-0.8 -0.8 -0.5 -0.8 -1.4 -0.8 -0.8 -0.7 -0.3 -0.8 

(95% CI) (-1.2 to 
-0.4) 

(-1.2 to 
-0.4) 

(-1.4 to 
0.3) 

(-1.4 to 
-0.2) 

(-2.2 to 
-0.6) 

(-1.6 to 
-0.1) 

(-1.6 to 
0.0) 

(-1.2 to 
-0.2) 

(-1.0 to 
0.5) 

(-1.3 to 
-0.3) 

PHQ-9           
Change from 
baseline 

-1.7 -1.4 -1.7 -1.7 -2.3 -1.5 -1.7 -1.3 -0.8 -1.3 

(95% CI) (-2.3 to 
-1.0) 

(-2.1 to 
-0.8) 

(-3.0 to 
-0.3) 

(-2.6 to 
-0.8) 

(-3.5 to 
-1.2) 

(-2.6 to 
-0.4) 

(-3.1 to 
-0.4) 

(-2.2 to  
-0.5) 

(-2.2 to 
0.6) 

(-2.2 to 
-0.4) 
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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 722 
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 723 
depression. Further objectives and secondary clinical outcomes not reported in this table can be seen in the Supplementary Appendix. Abbreviations: NRS = Numeric Rating Scale; 724 
PHQ-9 = Patient Health Questionnaire for Depression; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire. 725 
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Table 3. Primary and Secondary Clinical Outcomes at Final Visit: All treatment Arms (ITT). 726 
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 727 
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 728 
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 729 
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 730 

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) (-22.7 to 

-11.0) 
(-19.7 to 

-9.2) 
(-17.5 to 

-6.5) 
(-9.2 to 

1.5) 
(-26.0 to 

-4.4) 
(-23.8 to 

-11.0) 
(-19.8 to 

-8.4) 
(-29.3 to 

-10.8) 
(-20.5 to 

-5.3) 
(-17.8 to 

-7.5) 
Cohen’s d 
(95% CI) 

0.93 
(0.70 to 

1.21) 

1.00 
(0.78 to 

1.28) 

0.83  
(0.51 to  

1.27) 

0.24 
(-0.02 to 

0.53) 

1.13 
(0.74 to 

1.83) 

1.19 
(0.91 to 

1.59) 

0.80 
(0.55 to 

1.12) 

1.35 
(0.98 to 

1.99) 

0.78 
(0.43 to 

1.37) 

0.71 
(0.46 to 

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) (-22.2 to  

-10.0) 
(-20.1 to  

-8.9) 
(-15.6 to  

-3.8) 
(-9.5 to 

2.0) 
(-26.1 to 

-4.0) 
(-17.4 to 

-4.4) 
(-18.5 to 

-5.9) 
(-20.0 to 

-0.2) 
(-24.0 to 

-7.6) 
(-15.1 to 

-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) (-5.5 to 

-2.6) 
(-4.8 to 

-2.2) 
(-4.3 to 

-1.4) 
(-2.6 to 

0.2) 
(-6.7 to 

-1.3) 
(-5.6 to 

-2.6) 
(-5.0 to 

-2.2) 
(-5.5 to 

-0.9) 
(-4.3 to 

-0.4) 
(-4.2 to 

-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) (-1.4 to 

0.3) 
(-2.1 to 

-0.6) 
(-1.6 to 

0.0) 
(-1.1 to 

0.5) 
(-2.5 to 

0.6) 
(-1.8 to 

0.0) 
(-1.5 to 

0.1) 
(-1.6 to 

1.1) 
(-2.2 to 

-0.1) 
(-1.5 to 

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) (-3.0 to 

-0.3) 
(-3.6 to  

-1.1) 
(-3.1 to 

-0.4) 
(-2.2 to 

0.4) 
(-3.7 to 

1.2) 
(-3.2 to 

-0.3) 
(-3.2 to 

-0.4) 
(-4.2 to 

0.2) 
(-3.1 to 

0.6) 
(-2.1 to 

0.4) 
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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 731 
= Structured Counselling; ST = Sound Therapy; TFI = Tinnitus Functional Index; THI = Tinnitus Handicap Inventory; TQ = Tinnitus Questionnaire. 732 
 733 
 734 
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Figure legends 735 

Figure 1. Trial Profile. A total of 674 patients were screened, of whom 461 met the trial 736 

inclusion criteria and were randomly assigned to one of ten treatment arms comprised of a 737 

single treatment or a combination of two treatments out of four different therapy approaches - 738 

cognitive-behavioural therapy (CBT), hearing aids (HA), structured counselling (SC), and 739 

sound therapy (ST). 230 (49.9%) were assigned to single treatments (CBT, HA, SC, or ST) and 740 

231 (50.1%) were assigned to combination treatments (CBT+HA, CBT+SC, CBT+ST, 741 

HA+SC, HA+ST, SC+ST). Patients without hearing aid indication were only randomised to 742 

treatments without HA. An extended version of the patient’s flowchart can be found in Figure 743 

S1. Quantity and reasons for trial exclusion during eligibility assessments and trial 744 

discontinuation/dropouts can be seen from Tables S1 – S5.  745 

 746 

Figure 2. Least-Squares Mean Changes from Baseline to interim visit (6w), final visit 747 

(12w) and follow-up (36w) in THI total score. A) single (n = 230) and combination (n = 231) 748 

treatments; C) CBT+HA (n = 17); D) CBT+SC (n = 51); E) CBT+ST (n = 54); F) HA+SC (n 749 

= 19); G) HA+ST (n = 27); H) SC+ST (n = 63); and B) Cohen’s d values for all treatment arms 750 

(change in THI total score from baseline to final visit). Single treatment arms included: CBT 751 

(n = 56), HA (n = 59), SC (n = 56) and ST (n = 59). Total THI scores range from 0 to 100, with 752 

higher scores indicating greater severity of tinnitus. Error bars represent 95% confidence 753 

intervals. Abbreviations: CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 754 

Structured Counselling; ST = Sound Therapy; THI = Tinnitus Handicap Inventory. 755 

 756 

 757 
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1. Figure S1: Extended Patients Flowchart (Intention-to-treat and Per-protocol Sample) 

 

Note. A total of 674 patient were screened of whom 461 (ITT sample) 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 
using a set of four different therapy approaches - cognitive-behavioural therapy (CBT), hearing aids (HA), 
structured counselling (SC), and sound therapy (ST). 230 were assigned to single treatments and 231 were assigned 
to combination treatments. 213 subjects were excluded during the screening process. Available data for the primary 
outcome (incl. missing data) per study visit and treatment arm can be seen. The number of treatment non-
adherence, protocol violations and allocation errors are equally shown per treatment arm. From the sample of 194 
patients for the per-protocol analysis, nine had missings in covariates relevant for the analysis, resulting in a sample 
of 185 patients used for the per-protocol analysis. *Two allocation errors **one protocol violation were already 
lost to follow-up – those wore not subtracted at this stage.  
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2. Table S1: Excluded Patients from Study Participation 

Note. We aimed for four equally sized stratification groups of 25 patients per clinical site. 107 patients could not 
be included in the trial since the respective stratification group (e.g., high tinnitus-related handicap and no 
hearing aid indication) was already full.  
 

  

 N 

Not meeting inclusion criteria  

Primary complaint tinnitus 2 

Chronic tinnitus (≥ six months) 1 

Age between 18 and 80 years 2 

A score of ≥ 18 in the Tinnitus Handicap Inventory (THI; Newman et al., 1996) – at least mild tinnitus distress 32 

A score of > 22 in the Montreal Cognitive Assessment (MoCa; Nasreddine et al., 2005) – absence of mild cognitive 
impairment 14 

Ability and willingness to use the UNITI mobile applications on smartphones 4 

Openness to use a HA (if indication and allocation to HA group) .. 

Ability to understand and consent to the research (hearing ability, intellectual capacity) .. 

Ability to participate in all relevant visits (no plans for e.g., long-term holidays or pregnancy) .. 

Existing drug therapies with psychoactive substances (e.g., antidepressants or anticonvulsants) must be stable for at least 30 
days at the beginning of the therapeutic intervention. The drug therapy should remain constant during the course of the 
study. Necessary changes do not constitute an exclusion criterion per se, but need to be recorded. .. 

Meeting exclusion criteria  

Objective tinnitus or heartbeat-synchronous tinnitus as primary complaint 7 

Otosclerosis / acoustic neuroma or other relevant ear disorders with fluctuation hearing 10 

Present acute infections (acute otitis media, otitis externa, acute sinusitis) 1 

Meniere's disease or similar syndromes (but not vestibular migraine) 2 

Serious internal, neurological or psychiatric conditions 4 

Epilepsy or other disorders of the central nervous system (e.g., brain tumor or encephalitis) 1 

Clinically relevant drug, medication or alcohol abuse up to 12 weeks before study start  .. 

Severe hearing loss – inability to communicate properly in the course of the study 11 

One deaf ear 4 

Missing written informed consent 1 

Start of any other tinnitus related treatments, especially hearing aids, structured counselling,  
sound therapy (with special devices; expecting long term effects) or cognitive behavioural therapy in the last 3 months 
before the start of the study 3 

Other reasons  

Stratification group completed 107 

Personal reasons/ declined to participate 6 

Artificial eardrum 1 

Total number of excluded patients 213 



 6 

 

3. Table S2: Quantity and Reasons of Dropouts before Treatment Start per Treatment Arm 

 

Note. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound 
Therapy. 

 

Treatment arm N Reasons (N) 

CBT 9 No time (2); unable to travel to clinic (2); rejected CBT (2); no internet connection (1); 
started another treatment (1); interested in HA (1) 

HA 1 Declined to participate (1) 

SC 4 Rejected SC (1); interested in HA (1); declined to participate (1); app treatment not 
started (1) 

ST 1 No capacity for daily app usage (1) 

CBT + HA 5 Unable to travel to clinic (1); rejected HA and CBT (1); No capacity for CBT (1); 
suspected Morbus Meniere (1); lost (1) 

CBT + SC 11 No time (4); lost (2); financial reasons (1); job reasons (1); chronic fatigue syndrome 
(1); rejected CBT (1); rejected CBT & app treatment not started (1) 

CBT + ST 9 Rejected CBT + ST (3); no time (3); lost (1); personal reasons (1); job reasons (1) 

HA + SC 1 Unexpected personal problems (1) 

HA + ST 1 Rejected HA (1) 

SC + ST 4 Interested in HA (1); no time (1); suspected acoustic neuroma (1); app treatment not 
started (1) 

Total number of dropouts before 
treatment start 

46  
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4. Table S3: Quantity and Reasons of Dropouts during Treatment per Treatment Arm – before Interim 
Visit 
 

Note. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound 
Therapy. 

  

Treatment arm N Reasons (N) 

CBT 4 Issues with daily app measures (1); no time (1); health worsening (1); personal reasons 
(1) 

HA 1 Rejected HA (1) 

SC 2 Not satisfied with treatment (1); lack of benefit & issues with daily app measures (1) 

ST 3 Tinnitus worsening (1); tinnitus worsening & not satisfied with app treatment; no time 
due to illness (1)  

CBT + HA .. .. 

CBT + SC 6 Unsatisfied with CBT (1); health reasons (1); lost (1); no benefit of CBT (1); job 
reasons (1); rejected CBT (1) 

CBT + ST 6 Tinnitus worsening (1); lost (1); no time (1); unable to travel to clinic (1); rejected 
CBT (1); treatment termination after first CBT session (1) 

HA + SC .. .. 

HA + ST .. .. 

SC + ST 3 Tinnitus worsening (1); no reasons (1); lost (1) 

Total number of dropouts during 
treatment – before interim visit 

25  



 8 

5. Table S4: Quantity and Reasons of Dropouts during Treatment per Treatment Arm – after Interim 
Visit 

Note. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound 
Therapy. 

  

Treatment arm N Reasons (N) 

CBT 4 No time (2); unable to travel to clinic (1); job reasons (1) 

HA 3 Lost (2); started another HA treatment (1) 

SC 5 
Tinnitus worsening (1); lost (1); lack of benefit (1); health worsening/ reasons (1); did 
not want to continue (1) 

ST 3 Not satisfied with treatment (2); lost (1) 

CBT + HA 1 No time (1) 

CBT + SC 2 No time (1); no longer attends CBT sessions (1) 

CBT + ST 4 No benefit of CBT (2); tinnitus worsening (1); lost (1) 

HA + SC .. .. 

HA + ST 1 
App treatment was never started (1) 

 

SC + ST 3 
App treatment was never started (1); lost (1); did not want to come to clinic due to 
COVID-19 pandemic (1) 

Total number of dropouts during 
treatment – after interim visit 26  



 9 

6. Table S5: Quantity and Reasons of Patients lost to Follow-up 

Note. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound 
Therapy. 

 

 

 

 

Treatment arm N Reasons (N) 

CBT 5 No response (3); health reasons (1); no reasons (1) 

HA 5 Job reasons (2); no response (2); no reasons (1) 

SC 11 No response (6); not interested in follow-up (3); no reasons (1); health reasons (1) 

ST 2 No response (1); not available for follow-up (1) 

CBT + HA 1 No response (1) 

CBT + SC 3 No response (1); not interested in follow-up (1); terminated follow-up too late (1) 

CBT + ST 1 Deceased (1) 

HA + SC 1 No response (1) 

HA + ST 3 No response (3) 

SC + ST 4 No response (2); wanted to discontinue (1); not available for follow-up (1) 

Total number of patients lost to 
follow-up 36  
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7. Table S6: Demographic and Clinical Characteristics of the Participants at Baseline (stratified by Treatment Arm). 

 CBT 
(n=56) 

HA 
(n=59) 

SC 
(n=56) 

ST 
(n=59) 

CBT + HA 
(n=17) 

CBT + SC 
(n=51) 

CBT + ST 
(n=54) 

HA + SC 
(N=19) 

HA + ST 
(n=27) 

SC + ST 
(n=63) 

Total 
(N=461) 

Education — no. (%)            

Elementary or middle 
school 11 (21.2%) 18 (30.5%) 12 (21.8%) 12 (21.4%) 7 (43.8%) 20 (41.7%) 10 (20.0%) 4 (21.1%) 6 (22.2%) 17 (27.0%) 117 (26.3%) 

High school 10 (19.2%) 10 (16.9%) 12 (21.8%) 16 (28.6%) 2 (12.5%) 7 (14.6%) 11 (22.0%) 6 (31.6%) 6 (22.2%) 13 (20.6%) 93 (20.9%) 

University 31 (59.6%) 31 (52.5%) 31 (56.4%) 28 (50.0%) 7 (43.8%) 21 (43.8%) 29 (58.0%) 9 (47.4%) 15 (55.6%) 33 (52.4%) 235 (52.8%) 

Tinnitus Presentation 
(ESIT-SQ B2) — no. (%)            

constant 48 (94.1%) 57 (96.6%) 49 (92.5%) 51 (94.4%) 13 (86.7%) 44 (93.6%) 45 (93.8%) 18 (100%) 26 (100%) 57 (90.5%) 408 (94.0%) 

intermittent 3 (5.88%) 2 (3.39%) 4 (7.55%) 3 (5.56%) 2 (13.3%) 3 (6.38%) 3 (6.25%) 0 (0%) 0 (0%) 6 (9.52%) 26 (5.99%) 

Tinnitus Loudness [dB] 
(Tinnitus Matching)            

Mean (SD) 35.3 (21.6) 42.0 (21.1) 32.8 (23.0) 37.4 (23.1) 48.7 (18.6) 37.9 (19.1) 37.4 (18.6) 44.9 (27.6) 51.4 (19.9) 38.0 (21.8) 38.8 (21.7) 

Median [Min, Max] 37.3 [1, 83] 46.0 [0, 82.5] 30.0 [2.5, 88] 35.0 [5, 90] 48.0 [20, 78] 40.5 [0, 75] 35.0 [5, 85] 41.3 [0, 100] 53.8 [10, 95] 35.0 [2.50, 
92] 40.0 [0, 100] 

Residual inhibition:  
Both ears — no. (%)            

none 17 (70.8%) 10 (41.7%) 11 (45.8%) 16 (50.0%) 3 (42.9%) 14 (56.0%) 17 (53.1%) 5 (50.0%) 8 (57.1%) 17 (48.6%) 118 (52.0%) 

partially 5 (20.8%) 10 (41.7%) 8 (33.3%) 8 (25.0%) 2 (28.6%) 5 (20.0%) 7 (21.9%) 4 (40.0%) 5 (35.7%) 7 (20.0%) 61 (26.9%) 

complete 2 (8.33%) 4 (16.7%) 5 (20.8%) 8 (25.0%) 2 (28.6%) 6 (24.0%) 8 (25.0%) 1 (10.0%) 1 (7.14%) 11 (31.4%) 48 (21.1%) 

Residual inhibition: Left 
ear — no. (%)            

none 9 (50.0%) 10 (62.5%) 9 (56.3%) 10 (71.4%) 2 (66.7%) 7 (63.6%) 7 (70.0%) 3 (75.0%) 1 (16.7%) 4 (33.3%) 62 (56.4%) 

partially 5 (27.8%) 2 (12.5%) 1 (6.25%) 2 (14.3%) 0 (0%) 2 (18.2%) 1 (10.0%) 1 (25.0%) 3 (50.0%) 6 (50.0%) 23 (20.9%) 
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 CBT 
(n=56) 

HA 
(n=59) 

SC 
(n=56) 

ST 
(n=59) 

CBT + HA 
(n=17) 

CBT + SC 
(n=51) 

CBT + ST 
(n=54) 

HA + SC 
(N=19) 

HA + ST 
(n=27) 

SC + ST 
(n=63) 

Total 
(N=461) 

complete 4 (22.2%) 4 (25.0%) 6 (37.5%) 2 (14.3%) 1 (33.3%) 2 (18.2%) 2 (20.0%) 0 (0%) 2 (33.3%) 2 (16.7%) 25 (22.7%) 

Residual inhibition: Right 
ear — no. (%)            

none 9 (60.0%) 12 (63.2%) 11 (78.6%) 10 (90.9%) 5 (83.3%) 10 (66.7%) 6 (75.0%) 3 (60.0%) 3 (60.0%) 6 (54.5%) 75 (68.8%) 

partially 2 (13.3%) 4 (21.1%) 1 (7.14%) 0 (0%) 0 (0%) 1 (6.67%) 1 (12.5%) 2 (40.0%) 0 (0%) 3 (27.3%) 14 (12.8%) 

complete 4 (26.7%) 3 (15.8%) 2 (14.3%) 1 (9.09%) 1 (16.7%) 4 (26.7%) 1 (12.5%) 0 (0%) 2 (40.0%) 2 (18.2%) 20 (18.3%) 

WHO-QoL 1 score: 
Physical health             

Mean (SD) 12.4 (1.73) 12.5 (1.78) 12.4 (1.84) 11.8 (2.10) 13.0 (1.62) 12.9 (2.04) 12.6 (1.57) 13.1 (1.26) 12.7 (2.11) 12.7 (1.96) 12.5 (1.87) 

Median [Min, Max] 13.0 [7, 15] 13.0 [7, 15] 13.0 [7, 17] 11.5 [7, 16] 13.0 [10, 16] 13.0 [9, 17] 13.0 [10, 15] 13.0 [11, 15] 13.0 [10, 17] 13.0 [8, 17] 13.0 [7, 17] 

WHO-QoL 2 score: 
Psychological health             

Mean (SD) 13.3 (1.92) 13.6 (1.61) 13.5 (1.99) 13.2 (2.02) 13.9 (1.03) 14.1 (1.84) 13.7 (1.72) 14.2 (1.48) 13.3 (2.09) 13.5 (1.95) 13.6 (1.85) 

Median [Min, Max] 13.0 [8, 17] 14.0 [9, 16] 14.0 [9, 18] 13.0 [6, 17] 14.0 [12, 16] 14.0 [10, 17] 14.0 [11, 17] 14.0 [11, 17] 13.0 [8, 17] 14.0 [9, 17] 14.0 [6, 18] 

WHO-QoL 3 score: 
Social factors             

Mean (SD) 14.5 (3.27) 14.3 (3.15) 14.5 (3.03) 14.0 (3.11) 14.6 (2.83) 14.8 (3.01) 14.6 (3.15) 15.1 (2.78) 14.6 (3.14) 14.9 (2.96) 14.5 (3.06) 

Median [Min, Max] 15.0 [8, 20] 15.0 [5, 20] 15.0 [8, 20] 15.0 [4, 20] 15.0 [9, 20] 15.0 [8, 20] 15.0 [9, 20] 15.5 [9, 20] 15.0 [8, 20] 16.0 [7, 20] 15.0 [4, 20] 

WHO-QoL 4 score: 
Environment            

Mean (SD) 15.8 (2.09) 15.9 (2.15) 15.7 (2.59) 15.5 (2.35) 16.1 (1.82) 16.4 (1.93) 15.6 (1.92) 15.8 (1.77) 15.7 (2.38) 16.0 (2.30) 15.8 (2.18) 

Median [Min, Max] 16.0 [11, 20] 16.0 [8, 20] 16.0 [9, 20] 15.5 [9, 20] 16.0 [13, 19] 16.0 [13, 20] 16.0 [12, 20] 15.5 [13, 19] 16.0 [11, 20] 16.0 [12, 20] 16.0 [8, 20] 

Note. Data are n (%), mean (SD), or median [Min, Max]. Tinnitus loudness level in dB was obtained by tinnitus matching, with higher values indicating greater perceived tinnitus 
loudness. Residual inhibition is the brief tinnitus suppression following acoustic stimulation. WHO-QoL scores range from 4 to 20, with higher scores indicating higher quality of 
life in the respective domain. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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8. Figure S2: Audiogram in Patients with and Without Hearing Aid Indication for Single and 
Combined Treatment Groups 

 

Note. Pooled audiogram for patients (A) with hearing aid indication and (B) without hearing aid indication 
separated for single and combined treatment groups measured by pure tone audiometry at baseline visit according 
to the guidelines of the British Society of Audiology. Error bars represent standard deviation. 
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9. Figure S3: Audiogram for Patients in all Treatment Groups 

 

Note. Pooled audiograms of patients in all treatment groups measured by pure tone audiometry at baseline visit 
according to the guidelines of the British Society of Audiology. Error bars represent standard deviation. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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10. Table S7: Representativeness of Study Participants 

 

Category Example 

Condition under investigation Chronic tinnitus. The Tinnitus persisted for a minimum of 6 months.  

Sex No sex effect was found for the primary outcome (THI) when comparing single versus 
combination treatments for chronic tinnitus. 41.2 % of the participants were female, 58.8% 
were male.  

Age No age effect was found for the primary outcome (THI) when comparing single versus 
combination treatments for chronic tinnitus. 

The average age was 51.1 years. In a study by Probst et al. 2017, it was reported that the 
majority of patients visiting the specialised tinnitus clinic in Regensburg are in the age range 
of 45 - 55 years.  

Race or ethnic group Race or ethnicity was not assessed. No conclusions can be drawn about the influence of race 
or ethnicity.  

Geography The 5 centres were located in four European countries: Germany (2), Greece, Netherlands, 
Spain. Conclusions about countries with dissimilar health care systems are limited.  

Severity The average THI score at baseline was 48.0, which is considered moderate tinnitus distress. 
Participants with slight or no distress at screening (THI < 18), were excluded from the study.  

Other considerations In this trial, we compared single versus combination treatment of four clinical intervention 
types typically used for tinnitus treatment: cognitive behavioural therapy, hearing aids, sound 
therapy, and structured counselling for a duration of 12 weeks. The treatments were 
implemented in a typical way. Conclusions about treatments with different implementations 
are limited.  

Overall representativeness of this trial This trial showed that combining a treatment of weak clinical efficacy with a treatment of 
stronger clinical efficacy leads to an improvement of the overall clinical outcome. 

We recognise that the trial was limited to only four different clinical intervention types and 
their combinations. We do not know whether other treatment combinations, which are not 
part of the trial, would be superior to their respective singe treatments. 

We cannot conclude about combination treatments with three or more clinical interventions.  

All treatments were implemented in a typical way; however, it would be possible to 
implement them differently or apply the treatment for a shorter or longer time. We do not 
know whether other implementation would have the same results.  
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11. Table S8: Primary Outcome (THI) Objective 1: Model parameters 

 

Note. The table depicts the parameters of the linear mixed effects model (using REML in the lme4 R package) 
predicting the primary outcome by 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 model 
was adjusted for the following covariates: age, sex, educational attainment, hearing aid indication, and PHQ-9 
baseline scores. All comparisons are two-sided and p values reported here were not adjusted for multiple 
comparisons.  
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12. Figure S4: Primary Outcome (THI) Objective 1: Model Assumptions 

 

Note. Model assumptions are plotted for the first of the 50 imputed datasets. 
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13. Figure S5: Primary Outcome (THI) Objective 2 

 

Note. Total THI scores range from 0 to 100, with higher scores indicating greater severity of tinnitus. Error bars 
represent 95% confidence intervals. Sample sizes: CBT: N = 56, HA: N = 59, SC: N = 56, ST: N = 59, CBT + 
HA: N = 17, CBT + SC: N = 51, CBT + ST: N = 54, HA + SC: N = 19, HA + ST: N = 27, SC + ST: N = 63. CBT 
= Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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14. Table S9: THI Change from Baseline to Final Visit for Hearing Aid Indication (yes/no) 

Contrast Change from baseline (Hearing aid indication: yes) Change from baseline (Hearing aid indication: no) 

CBT -10.4 [-20.9, 0] -20.2 [-27.1, -13.2] 

CBT + HA -15.2 [-26, -4.5] NA 

CBT + SC -18.6 [-28.3, -8.9] -16.7 [-25.1, -8.4] 

CBT + ST -11.4 [-21.3, -1.6] -15.3 [-22.4, -8.2] 

HA -14.4 [-19.6, -9.2] NA 

HA + SC -20 [-29.2, -10.9] NA 

HA + ST -12.9 [-20.5, -5.4] NA 

SC -12.8 [-22.5, -3.1] -11.6 [-18.3, -4.8] 

SC + ST -13.1 [-22.4, -3.9] -12.5 [-18.7, -6.3] 

ST -3 [-12, 6.1] -4.3 [-10.9, 2.4] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. CBT = Cognitive-Behavioural 
Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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15. Table S10: THI Change from Baseline to Final Visit for High and Low Tinnitus Distress Severity 

Contrast Change from baseline (High tinnitus distress 
severity) 

Change from baseline (Low tinnitus distress 
severity) 

CBT -25 [-34.2, -15.8] -9.3 [-16, -2.5] 

CBT + HA -18.7 [-36.6, -0.8] -12.2 [-24, -0.3] 

CBT + SC -24.4 [-33.7, -15.1] -10.6 [-18.6, -2.6] 

CBT + ST -23.2 [-32.2, -14.3] -6.2 [-13.1, 0.7] 

HA -18.1 [-26.1, -10.1] -10.6 [-17.2, -4.1] 

HA + SC -26.9 [-41.6, -12.2] -13.8 [-24.5, -3.2] 

HA + ST -12.8 [-24.4, -1.2] -13.1 [-22.4, -3.8] 

SC -15.6 [-24.6, -6.7] -8.8 [-15.2, -2.5] 

SC + ST -19.1 [-27.8, -10.5] -7.8 [-13.5, -2.1] 

ST -6.3 [-14.6, 2.1] -1.5 [-7.8, 4.8] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. High tinnitus distress severity: 
THI ≥ 48 at Screening. Low tinnitus distress severity: THI < 48 at Screening. CBT = Cognitive-Behavioural 
Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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16. Table S11: Primary Outcome (THI) Objective 4 & 5 at Final Visit 

Objective Contrast Change from baseline 95% CI 

4_A Doesnt_have_CBT -11.57 [-14.01, -9.14] 

4_A Has_CBT -16.02 [-19.33, -12.70] 

4_B Doesnt_have_HA -11.42 [-15.47, -7.38] 

4_B Has_HA -15.07 [-18.75, -11.39] 

4_C Doesnt_have_SC -12.46 [-15.01, -9.91] 

4_C Has_SC -14.48 [-17.62, -11.34] 

4_D Doesnt_have_ST -15.48 [-18.23, -12.72] 

4_D Has_ST -10.51 [-13.43, -7.58] 

5 Brain -15.36 [-18.82, -11.89] 

5 Brain_and_Ear -14.36 [-17.69, -11.04] 

5 Ear -9.83 [-13.20, -6.45] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 4: Treatments with vs. 
treatments without; Objective 5: Ear mediated vs. brain mediated vs. ear and brain mediated treatments. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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17. Table S12: Primary Outcome (THI) at Interim Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -10.50 [-13.28, -7.71] 

1 Single -7.85 [-10.66, -5.04] 

2 CBT -10.13 [-15.87, -4.38] 

2 CBT + HA -11.24 [-21.70, -0.78] 

2 CBT + SC -10.84 [-17.15, -4.54] 

2 CBT + ST -10.22 [-15.90, -4.55] 

2 HA -11.45 [-16.63, -6.27] 

2 HA + SC -12.37 [-21.53, -3.21] 

2 HA + ST -7.95 [-15.61, -0.29] 

2 SC -9.05 [-14.60, -3.50] 

2 SC + ST -10.78 [-15.99, -5.57] 

2 ST -0.95 [-6.25, 4.35] 

3_A Combi_CBT -10.62 [-14.57, -6.68] 

3_A Single_CBT -10.13 [-15.92, -4.33] 

3_B Combi_HA -10.17 [-15.05, -5.28] 

3_B Single_HA -11.45 [-16.42, -6.48] 

3_C Combi_SC -11.03 [-14.72, -7.34] 

3_C Single_SC -9.05 [-14.60, -3.50] 

3_D Combi_ST -10.04 [-13.57, -6.51] 

3_D Single_ST -0.95 [-6.35, 4.46] 

4_A Doesnt_have_CBT -8.36 [-10.83, -5.90] 

4_A Has_CBT -10.47 [-13.70, -7.23] 

4_B Doesnt_have_HA -7.77 [-11.79, -3.76] 

4_B Has_HA -10.79 [-14.39, -7.19] 

4_C Doesnt_have_SC -8.30 [-10.87, -5.72] 

4_C Has_SC -10.44 [-13.54, -7.35] 

4_D Doesnt_have_ST -10.58 [-13.23, -7.92] 

4_D Has_ST -7.40 [-10.34, -4.45] 

5 Brain -9.98 [-13.33, -6.63] 

5 Brain_and_Ear -10.83 [-14.19, -7.47] 

5 Ear -6.53 [-9.91, -3.14] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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18. Table S13: Primary Outcome (THI) at Follow-up 

Objective Contrast Change from baseline 95% CI 

1 Combination -13.31 [-16.21, -10.40] 

1 Single -11.92 [-14.75, -9.09] 

2 CBT -17.32 [-23.06, -11.58] 

2 CBT + HA -11.94 [-22.40, -1.48] 

2 CBT + SC -16.32 [-22.60, -10.04] 

2 CBT + ST -13.91 [-19.62, -8.20] 

2 HA -13.27 [-18.70, -7.83] 

2 HA + SC -15.17 [-24.62, -5.71] 

2 HA + ST -10.53 [-18.65, -2.41] 

2 SC -11.50 [-17.55, -5.44] 

2 SC + ST -11.35 [-16.77, -5.92] 

2 ST -5.87 [-11.18, -0.55] 

3_A Combi_CBT -14.64 [-18.56, -10.72] 

3_A Single_CBT -17.32 [-23.11, -11.53] 

3_B Combi_HA -12.31 [-17.40, -7.21] 

3_B Single_HA -13.27 [-18.51, -8.03] 

3_C Combi_SC -13.80 [-17.67, -9.93] 

3_C Single_SC -11.50 [-17.55, -5.44] 

3_D Combi_ST -12.15 [-15.79, -8.52] 

3_D Single_ST -5.87 [-11.28, -0.45] 

4_A Doesnt_have_CBT -10.81 [-13.39, -8.23] 

4_A Has_CBT -15.49 [-18.75, -12.22] 

4_B Doesnt_have_HA -11.46 [-15.62, -7.29] 

4_B Has_HA -12.77 [-16.59, -8.95] 

4_C Doesnt_have_SC -12.27 [-14.90, -9.64] 

4_C Has_SC -13.12 [-16.48, -9.75] 

4_D Doesnt_have_ST -14.42 [-17.15, -11.69] 

4_D Has_ST -10.33 [-13.30, -7.36] 

5 Brain -15.01 [-18.56, -11.45] 

5 Brain_and_Ear -12.79 [-16.23, -9.35] 

5 Ear -9.75 [-13.22, -6.28] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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19. Table S14: THI Change from Baseline to Final Visit for each Country 

Contrast Belgium Germany Greece Spain 

Single -9.4 [-3.2; -15.5] -12.0 [-8.0; -16.0] -16.0 [-9.2; -22.8] -8.8 [-2.4; -15.2] 

Combination -13.1 [-4.9; -21.2] -16.5 [-12.6; -20.4] -15.8 [-9.3; -22.3] -11.3 [-5.1; -17.5] 

CBT -19.1 [-5.7; -32.4] -16.4 [-8.0; -24.8] -20.4 [-6.8; -34.0] -11.4 [2.6; -25.5] 

CBT + HA -38.0 [0.7; -76.7] -14.1 [0.8; -29.1] -11.1 [14.8; -37.0] -16.0 [5.7; -37.6] 

CBT + SC -13.7 [6.5; -33.9] -21.1 [-12.8; -29.4] -15.7 [-2.0; -29.5] -12.2 [2.8; -27.3] 

CBT + ST -12.9 [5.8; -31.6] -17.5 [-10.0; -25.0] -11.8 [2.2; -25.7] -10.1 [2.3; -22.6] 

HA -12.6 [-1.1; -24.2] -15.5 [-8.2; -22.8] -21.2 [-7.5; -34.8] -7.8 [5.0; -20.6] 

HA + SC -26.7 [-2.0; -51.5] -19.5 [-6.8; -32.2] -21.1 [2.3; -44.6] -15.0 [4.6; -34.6] 

HA + ST 4.7 [27.0; -17.7] -9.9 [1.0; -20.9] -30.3 [-12.6; -48.1] -10.3 [5.6; -26.3] 

SC -7.1 [5.3; -19.5] -12.7 [-4.8; -20.6] -13.5 [0.3; -27.3] -14.9 [-1.2; -28.5] 

SC + ST -11.5 [1.1; -24.1] -14.2 [-6.9; -21.5] -13.0 [-0.6; -25.5] -9.3 [3.5; -22.0] 

ST -0.3 [11.5; -12.1] -3.4 [4.0; -10.9] -9.3 [4.1; -22.6] -2.6 [10.4; -15.6] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Comparison of single and 
combination treatments as well as all treatments regarding the THI difference from baseline to final visit for 
each country. Note that there were two centers in Germany (Berlin, Regensburg). 
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20. Table S15: Secondary Outcome (TFI) Objective 4 & 5 at Final Visit 

Objective Contrast Change from baseline 95% CI 

4_A Doesnt_have_CBT -10.01 [-12.66, -7.36] 

4_A Has_CBT -13.33 [-16.89, -9.78] 

4_B Doesnt_have_HA -9.25 [-13.64, -4.86] 

4_B Has_HA -14.19 [-18.09, -10.29] 

4_C Doesnt_have_SC -12.21 [-14.96, -9.46] 

4_C Has_SC -9.97 [-13.33, -6.61] 

4_D Doesnt_have_ST -12.80 [-15.62, -9.99] 

4_D Has_ST -9.37 [-12.56, -6.18] 

5 Brain -12.26 [-15.89, -8.64] 

5 Brain_and_Ear -11.13 [-14.86, -7.40] 

5 Ear -10.37 [-14.00, -6.73] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 4: Treatments with vs. 
treatments without; Objective 5: Ear-mediated vs. brain-mediated vs. ear- and brain-mediated treatments. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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21. Table S16: Secondary Outcome (Mini-TQ) Objective 4 & 5 at Final Visit 

Objective Contrast Change from baseline 95% CI 

4_A Doesnt_have_CBT -2.63 [-3.25, -2.02] 

4_A Has_CBT -3.91 [-4.71, -3.10] 

4_B Doesnt_have_HA -2.51 [-3.49, -1.53] 

4_B Has_HA -3.28 [-4.16, -2.41] 

4_C Doesnt_have_SC -3.05 [-3.69, -2.41] 

4_C Has_SC -3.23 [-3.99, -2.48] 

4_D Doesnt_have_ST -3.61 [-4.27, -2.95] 

4_D Has_ST -2.50 [-3.24, -1.77] 

5 Brain -3.65 [-4.50, -2.80] 

5 Brain_and_Ear -3.30 [-4.15, -2.44] 

5 Ear -2.35 [-3.21, -1.50] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 4: Treatments with vs. 
treatments without; Objective 5: Ear-mediated vs. brain-mediated vs. ear- and brain-mediated treatments. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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22. Table S17: Secondary Outcome (NRS-2: “How strong or loud is your tinnitus at present?”) 
Objective 4 & 5 at Final Visit 

Objective Contrast Change from baseline 95% CI 

4_A Doesnt_have_CBT -0.80 [-1.15, -0.45] 

4_A Has_CBT -0.73 [-1.21, -0.25] 

4_B Doesnt_have_HA -0.44 [-1.03, 0.15] 

4_B Has_HA -1.10 [-1.63, -0.57] 

4_C Doesnt_have_SC -0.79 [-1.15, -0.42] 

4_C Has_SC -0.76 [-1.20, -0.31] 

4_D Doesnt_have_ST -0.87 [-1.27, -0.48] 

4_D Has_ST -0.64 [-1.05, -0.24] 

5 Brain -0.75 [-1.26, -0.24] 

5 Brain_and_Ear -0.68 [-1.17, -0.19] 

5 Ear -0.90 [-1.38, -0.42] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 4: Treatments with vs. 
treatments without; Objective 5: Ear-mediated vs. brain-mediated vs. ear- and brain-mediated treatments. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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23. Table S18: Secondary Outcome (PHQ-9) Objective 4 & 5 at Final Visit 

Objective Contrast Change from baseline 95% CI 

4_A Doesnt_have_CBT -1.46 [-2.04, -0.88] 

4_A Has_CBT -1.70 [-2.45, -0.95] 

4_B Doesnt_have_HA -1.28 [-2.25, -0.32] 

4_B Has_HA -1.90 [-2.76, -1.05] 

4_C Doesnt_have_SC -1.62 [-2.22, -1.02] 

4_C Has_SC -1.46 [-2.20, -0.73] 

4_D Doesnt_have_ST -1.85 [-2.48, -1.23] 

4_D Has_ST -1.17 [-1.87, -0.48] 

5 Brain -1.72 [-2.52, -0.93] 

5 Brain_and_Ear -1.36 [-2.17, -0.55] 

5 Ear -1.57 [-2.37, -0.77] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 4: Treatments with vs. 
treatments without; Objective 5: Ear-mediated vs. brain-mediated vs. ear- and brain-mediated treatments. CBT = 
Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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24. Table S19: Secondary Outcome (WHO-QoL-Bref 1: Physical Health) at Final 
Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination 0.29 [0.01, 0.58] 

1 Single 0.42 [0.13, 0.71] 

2 CBT 0.43 [-0.18, 1.04] 

2 CBT + HA 0.49 [-0.64, 1.62] 

2 CBT + SC 0.24 [-0.39, 0.88] 

2 CBT + ST 0.36 [-0.23, 0.95] 

2 HA 0.52 [-0.01, 1.06] 

2 HA + SC 0.64 [-0.32, 1.60] 

2 HA + ST 0.36 [-0.43, 1.15] 

2 SC 0.20 [-0.39, 0.79] 

2 SC + ST 0.10 [-0.44, 0.63] 

2 ST 0.51 [-0.04, 1.07] 

3_A Combi_CBT 0.33 [-0.07, 0.73] 

3_A Single_CBT 0.43 [-0.17, 1.03] 

3_B Combi_HA 0.48 [-0.06, 1.01] 

3_B Single_HA 0.52 [-0.01, 1.06] 

3_C Combi_SC 0.23 [-0.15, 0.60] 

3_C Single_SC 0.20 [-0.38, 0.79] 

3_D Combi_ST 0.24 [-0.12, 0.61] 

3_D Single_ST 0.51 [-0.05, 1.07] 

4_A Doesnt_have_CBT 0.35 [0.10, 0.61] 

4_A Has_CBT 0.36 [0.02, 0.70] 

4_B Doesnt_have_HA 0.34 [-0.08, 0.75] 

4_B Has_HA 0.50 [0.13, 0.87] 

4_C Doesnt_have_SC 0.45 [0.18, 0.72] 

4_C Has_SC 0.22 [-0.10, 0.54] 

4_D Doesnt_have_ST 0.38 [0.11, 0.66] 

4_D Has_ST 0.32 [0.02, 0.62] 

5 Brain 0.29 [-0.06, 0.64] 

5 Brain_and_Ear 0.30 [-0.05, 0.65] 

5 Ear 0.49 [0.14, 0.84] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. 
Combination (separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. 
brain-mediated vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing 
Aids; SC = Structured Counselling; ST = Sound Therapy. 

  



 

 29 

25. Table S20: Secondary Outcome (WHO-QoL-Bref 2: Psychological Health) at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination 0.36 [0.07, 0.65] 

1 Single 0.36 [0.08, 0.65] 

2 CBT 0.33 [-0.25, 0.92] 

2 CBT + HA 0.75 [-0.35, 1.86] 

2 CBT + SC 0.28 [-0.35, 0.91] 

2 CBT + ST 0.35 [-0.27, 0.97] 

2 HA 0.35 [-0.18, 0.89] 

2 HA + SC 0.15 [-0.81, 1.10] 

2 HA + ST 0.41 [-0.37, 1.20] 

2 SC 0.30 [-0.28, 0.88] 

2 SC + ST 0.35 [-0.19, 0.89] 

2 ST 0.47 [-0.09, 1.02] 

3_A Combi_CBT 0.38 [-0.05, 0.81] 

3_A Single_CBT 0.33 [-0.26, 0.93] 

3_B Combi_HA 0.43 [-0.08, 0.94] 

3_B Single_HA 0.35 [-0.16, 0.87] 

3_C Combi_SC 0.30 [-0.08, 0.68] 

3_C Single_SC 0.30 [-0.29, 0.89] 

3_D Combi_ST 0.36 [-0.01, 0.73] 

3_D Single_ST 0.47 [-0.10, 1.04] 

4_A Doesnt_have_CBT 0.36 [0.11, 0.61] 

4_A Has_CBT 0.36 [0.02, 0.70] 

4_B Doesnt_have_HA 0.34 [-0.09, 0.76] 

4_B Has_HA 0.39 [0.03, 0.75] 

4_C Doesnt_have_SC 0.40 [0.14, 0.66] 

4_C Has_SC 0.30 [-0.02, 0.61] 

4_D Doesnt_have_ST 0.34 [0.06, 0.61] 

4_D Has_ST 0.39 [0.09, 0.70] 

5 Brain 0.31 [-0.05, 0.66] 

5 Brain_and_Ear 0.37 [0.01, 0.73] 

5 Ear 0.41 [0.06, 0.75] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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26. Table S21: Secondary Outcome (WHO-QoL-Bref 3: Social Factors) at Final  
Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination 0.17 [-0.26, 0.60] 

1 Single 0.20 [-0.22, 0.63] 

2 CBT 0.26 [-0.62, 1.14] 

2 CBT + HA 0.49 [-1.14, 2.12] 

2 CBT + SC 0.62 [-0.35, 1.59] 

2 CBT + ST 0.14 [-0.76, 1.04] 

2 HA 0.63 [-0.18, 1.43] 

2 HA + SC 0.93 [-0.48, 2.34] 

2 HA + ST -0.09 [-1.27, 1.10] 

2 SC 0.01 [-0.86, 0.88] 

2 SC + ST -0.38 [-1.19, 0.42] 

2 ST -0.09 [-0.93, 0.75] 

3_A Combi_CBT 0.39 [-0.23, 1.01] 

3_A Single_CBT 0.26 [-0.62, 1.14] 

3_B Combi_HA 0.38 [-0.40, 1.15] 

3_B Single_HA 0.63 [-0.16, 1.41] 

3_C Combi_SC 0.19 [-0.35, 0.73] 

3_C Single_SC 0.01 [-0.82, 0.84] 

3_D Combi_ST -0.13 [-0.69, 0.43] 

3_D Single_ST -0.09 [-0.97, 0.79] 

4_A Doesnt_have_CBT 0.08 [-0.31, 0.47] 

4_A Has_CBT 0.35 [-0.16, 0.86] 

4_B Doesnt_have_HA 0.30 [-0.34, 0.94] 

4_B Has_HA 0.50 [-0.07, 1.06] 

4_C Doesnt_have_SC 0.22 [-0.18, 0.62] 

4_C Has_SC 0.14 [-0.35, 0.62] 

4_D Doesnt_have_ST 0.43 [0.01, 0.84] 

4_D Has_ST -0.12 [-0.58, 0.34] 

5 Brain 0.29 [-0.24, 0.81] 

5 Brain_and_Ear 0.06 [-0.47, 0.59] 

5 Ear 0.20 [-0.32, 0.73] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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27. Table S22: Secondary Outcome (WHO-QoL-Bref 4: Environment) at Final  
Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination 0.28 [-0.04, 0.61] 

1 Single 0.35 [0.02, 0.67] 

2 CBT 0.36 [-0.31, 1.02] 

2 CBT + HA 0.57 [-0.72, 1.85] 

2 CBT + SC 0.06 [-0.64, 0.75] 

2 CBT + ST 0.46 [-0.21, 1.13] 

2 HA 0.74 [0.14, 1.34] 

2 HA + SC 0.66 [-0.44, 1.75] 

2 HA + ST 0.35 [-0.53, 1.23] 

2 SC 0.11 [-0.54, 0.76] 

2 SC + ST 0.09 [-0.52, 0.71] 

2 ST 0.17 [-0.47, 0.80] 

3_A Combi_CBT 0.31 [-0.13, 0.74] 

3_A Single_CBT 0.36 [-0.28, 0.99] 

3_B Combi_HA 0.50 [-0.11, 1.11] 

3_B Single_HA 0.74 [0.15, 1.33] 

3_C Combi_SC 0.16 [-0.27, 0.59] 

3_C Single_SC 0.11 [-0.56, 0.78] 

3_D Combi_ST 0.28 [-0.13, 0.69] 

3_D Single_ST 0.17 [-0.47, 0.81] 

4_A Doesnt_have_CBT 0.31 [0.02, 0.60] 

4_A Has_CBT 0.32 [-0.06, 0.71] 

4_B Doesnt_have_HA 0.29 [-0.20, 0.77] 

4_B Has_HA 0.62 [0.21, 1.02] 

4_C Doesnt_have_SC 0.43 [0.13, 0.73] 

4_C Has_SC 0.14 [-0.21, 0.50] 

4_D Doesnt_have_ST 0.37 [0.06, 0.67] 

4_D Has_ST 0.25 [-0.10, 0.59] 

5 Brain 0.18 [-0.21, 0.57] 

5 Brain_and_Ear 0.35 [-0.06, 0.75] 

5 Ear 0.44 [0.04, 0.83] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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28. Table S23: Secondary Outcome (NRS 1: “How much of a problem is your tinnitus at present?”) at 
Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -0.53 [-0.71, -0.35] 

1 Single -0.49 [-0.67, -0.31] 

2 CBT -0.53 [-0.94, -0.11] 

2 CBT + HA -0.87 [-1.55, -0.20] 

2 CBT + SC -0.54 [-0.93, -0.14] 

2 CBT + ST -0.57 [-0.95, -0.19] 

2 HA -0.60 [-0.94, -0.27] 

2 HA + SC -0.49 [-1.09, 0.11] 

2 HA + ST -0.58 [-1.07, -0.08] 

2 SC -0.61 [-0.98, -0.25] 

2 SC + ST -0.39 [-0.72, -0.05] 

2 ST -0.24 [-0.60, 0.12] 

3_A Combi_CBT -0.60 [-0.86, -0.33] 

3_A Single_CBT -0.53 [-0.96, -0.09] 

3_B Combi_HA -0.63 [-0.95, -0.31] 

3_B Single_HA -0.60 [-0.91, -0.29] 

3_C Combi_SC -0.46 [-0.69, -0.23] 

3_C Single_SC -0.61 [-0.96, -0.27] 

3_D Combi_ST -0.49 [-0.72, -0.26] 

3_D Single_ST -0.24 [-0.61, 0.13] 

4_A Doesnt_have_CBT -0.47 [-0.63, -0.31] 

4_A Has_CBT -0.58 [-0.79, -0.36] 

4_B Doesnt_have_HA -0.38 [-0.65, -0.12] 

4_B Has_HA -0.62 [-0.85, -0.39] 

4_C Doesnt_have_SC -0.52 [-0.69, -0.35] 

4_C Has_SC -0.50 [-0.71, -0.30] 

4_D Doesnt_have_ST -0.58 [-0.75, -0.41] 

4_D Has_ST -0.42 [-0.61, -0.23] 

5 Brain -0.56 [-0.78, -0.34] 

5 Brain_and_Ear -0.52 [-0.74, -0.30] 

5 Ear -0.45 [-0.67, -0.23] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Since the outcome is ordinally 
scaled, it was fitted as a sensitivity analysis with clmm of the ordinal package, as no differences were found to the 
mixed effect model, the results of the mixed effect model are reported here. Objective 1: Single vs. Combination 
(all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination (separately); 
Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated vs. ear-and 
brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured 
Counselling; ST = Sound Therapy. 
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29. Table S24: Secondary Outcome (NRS 3: “How uncomfortable is your tinnitus at present?”) at Final 
Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -1.68 [-2.13, -1.23] 

1 Single -1.25 [-1.70, -0.80] 

2 CBT -1.76 [-2.72, -0.80] 

2 CBT + HA -1.94 [-3.71, -0.17] 

2 CBT + SC -1.94 [-2.94, -0.93] 

2 CBT + ST -1.68 [-2.65, -0.72] 

2 HA -1.63 [-2.50, -0.77] 

2 HA + SC -1.22 [-2.76, 0.32] 

2 HA + ST -1.65 [-2.92, -0.38] 

2 SC -1.08 [-2.00, -0.16] 

2 SC + ST -1.55 [-2.42, -0.68] 

2 ST -0.55 [-1.44, 0.33] 

3_A Combi_CBT -1.83 [-2.47, -1.18] 

3_A Single_CBT -1.76 [-2.72, -0.80] 

3_B Combi_HA -1.60 [-2.49, -0.71] 

3_B Single_HA -1.63 [-2.52, -0.75] 

3_C Combi_SC -1.65 [-2.25, -1.05] 

3_C Single_SC -1.08 [-2.01, -0.15] 

3_D Combi_ST -1.62 [-2.20, -1.03] 

3_D Single_ST -0.55 [-1.45, 0.34] 

4_A Doesnt_have_CBT -1.25 [-1.66, -0.85] 

4_A Has_CBT -1.80 [-2.34, -1.27] 

4_B Doesnt_have_HA -1.14 [-1.80, -0.47] 

4_B Has_HA -1.62 [-2.22, -1.01] 

4_C Doesnt_have_SC -1.46 [-1.87, -1.04] 

4_C Has_SC -1.48 [-1.98, -0.98] 

4_D Doesnt_have_ST -1.59 [-2.02, -1.16] 

4_D Has_ST -1.31 [-1.80, -0.82] 

5 Brain -1.58 [-2.14, -1.02] 

5 Brain_and_Ear -1.60 [-2.16, -1.04] 

5 Ear -1.20 [-1.75, -0.64] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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30. Table S25: Secondary outcome (NRS 4: “How annoying is your tinnitus at present?”) at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -1.53 [-1.99, -1.08] 

1 Single -1.18 [-1.62, -0.73] 

2 CBT -1.58 [-2.55, -0.62] 

2 CBT + HA -2.00 [-3.73, -0.27] 

2 CBT + SC -1.83 [-2.84, -0.81] 

2 CBT + ST -1.29 [-2.23, -0.36] 

2 HA -1.63 [-2.49, -0.78] 

2 HA + SC -1.68 [-3.21, -0.16] 

2 HA + ST -1.16 [-2.42, 0.09] 

2 SC -1.03 [-1.97, -0.10] 

2 SC + ST -1.48 [-2.34, -0.63] 

2 ST -0.47 [-1.35, 0.42] 

3_A Combi_CBT -1.61 [-2.26, -0.97] 

3_A Single_CBT -1.58 [-2.55, -0.62] 

3_B Combi_HA -1.55 [-2.43, -0.66] 

3_B Single_HA -1.63 [-2.53, -0.73] 

3_C Combi_SC -1.64 [-2.24, -1.04] 

3_C Single_SC -1.03 [-1.96, -0.10] 

3_D Combi_ST -1.35 [-1.93, -0.78] 

3_D Single_ST -0.47 [-1.36, 0.43] 

4_A Doesnt_have_CBT -1.20 [-1.61, -0.78] 

4_A Has_CBT -1.60 [-2.13, -1.08] 

4_B Doesnt_have_HA -1.14 [-1.81, -0.46] 

4_B Has_HA -1.59 [-2.19, -0.98] 

4_C Doesnt_have_SC -1.28 [-1.69, -0.87] 

4_C Has_SC -1.46 [-1.98, -0.94] 

4_D Doesnt_have_ST -1.56 [-1.99, -1.13] 

4_D Has_ST -1.09 [-1.58, -0.61] 

5 Brain -1.47 [-2.02, -0.92] 

5 Brain_and_Ear -1.50 [-2.05, -0.94] 

5 Ear -1.07 [-1.62, -0.52] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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31. Table S26: Secondary outcome (NRS 5: “How easy is it for you to ignore your tinnitus at present?”) 
at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -1.71 [-2.26, -1.16] 

1 Single -1.20 [-1.74, -0.66] 

2 CBT -1.67 [-2.82, -0.52] 

2 CBT + HA -2.41 [-4.51, -0.30] 

2 CBT + SC -1.92 [-3.12, -0.73] 

2 CBT + ST -1.75 [-2.88, -0.63] 

2 HA -1.29 [-2.33, -0.25] 

2 HA + SC -0.87 [-2.73, 0.98] 

2 HA + ST -2.18 [-3.69, -0.66] 

2 SC -1.18 [-2.27, -0.10] 

2 SC + ST -1.36 [-2.39, -0.32] 

2 ST -0.68 [-1.72, 0.36] 

3_A Combi_CBT -1.92 [-2.71, -1.12] 

3_A Single_CBT -1.67 [-2.84, -0.50] 

3_B Combi_HA -1.85 [-2.88, -0.81] 

3_B Single_HA -1.29 [-2.33, -0.25] 

3_C Combi_SC -1.50 [-2.22, -0.79] 

3_C Single_SC -1.18 [-2.26, -0.11] 

3_D Combi_ST -1.66 [-2.35, -0.97] 

3_D Single_ST -0.68 [-1.75, 0.39] 

4_A Doesnt_have_CBT -1.21 [-1.69, -0.74] 

4_A Has_CBT -1.84 [-2.49, -1.19] 

4_B Doesnt_have_HA -0.95 [-1.73, -0.16] 

4_B Has_HA -1.58 [-2.29, -0.87] 

4_C Doesnt_have_SC -1.49 [-1.99, -0.99] 

4_C Has_SC -1.41 [-2.01, -0.80] 

4_D Doesnt_have_ST -1.52 [-2.05, -0.99] 

4_D Has_ST -1.37 [-1.94, -0.81] 

5 Brain -1.58 [-2.26, -0.90] 

5 Brain_and_Ear -1.55 [-2.22, -0.88] 

5 Ear -1.21 [-1.87, -0.55] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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32. Table S27: Secondary outcome (NRS 6: “How unpleasant is your tinnitus at present?”) at Final 
Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -1.37 [-1.83, -0.91] 

1 Single -1.16 [-1.61, -0.71] 

2 CBT -1.31 [-2.31, -0.31] 

2 CBT + HA -1.93 [-3.64, -0.23] 

2 CBT + SC -1.93 [-2.90, -0.97] 

2 CBT + ST -1.11 [-2.06, -0.16] 

2 HA -1.40 [-2.24, -0.55] 

2 HA + SC -1.32 [-2.81, 0.16] 

2 HA + ST -1.38 [-2.61, -0.15] 

2 SC -1.14 [-2.05, -0.24] 

2 SC + ST -1.00 [-1.83, -0.16] 

2 ST -0.80 [-1.65, 0.05] 

3_A Combi_CBT -1.57 [-2.22, -0.92] 

3_A Single_CBT -1.31 [-2.31, -0.31] 

3_B Combi_HA -1.51 [-2.39, -0.64] 

3_B Single_HA -1.40 [-2.29, -0.50] 

3_C Combi_SC -1.40 [-1.98, -0.82] 

3_C Single_SC -1.14 [-2.04, -0.25] 

3_D Combi_ST -1.11 [-1.70, -0.52] 

3_D Single_ST -0.80 [-1.67, 0.07] 

4_A Doesnt_have_CBT -1.13 [-1.52, -0.73] 

4_A Has_CBT -1.49 [-2.03, -0.95] 

4_B Doesnt_have_HA -1.01 [-1.67, -0.36] 

4_B Has_HA -1.46 [-2.05, -0.86] 

4_C Doesnt_have_SC -1.22 [-1.64, -0.81] 

4_C Has_SC -1.33 [-1.82, -0.83] 

4_D Doesnt_have_ST -1.46 [-1.89, -1.03] 

4_D Has_ST -1.02 [-1.49, -0.55] 

5 Brain -1.45 [-2.01, -0.89] 

5 Brain_and_Ear -1.18 [-1.74, -0.62] 

5 Ear -1.15 [-1.69, -0.61] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 

  



 

 37 

33. Figure S6: Secondary Outcome (CGI-I) at Final Visit – Single vs. Combination (Objective 1) 

 

 

 

 

 

 

 

 

 

 

 

Note. Distribution (in percentage) of CGI-I (Clinical Global Impression Scale) at final visit for Objective 1. 
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34. Figure S7: Secondary Outcome (CGI-I) at Final Visit – all Treatment Arms (Objective 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Distribution (in percentage) of CGI-I (Clinical Global Impression Scale) at final visit for Objective 2. CBT 
= Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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35. Figure S8: Secondary Outcome (CGI-I) at Final Visit – all Treatment Arms (Objective 2) in Patients 
With and Without Hearing Aid Indication 

 

Note. Distribution (in percentage) of CGI-I (Clinical Global Impression Scale) at final visit for Objective 2 in 
patients (A) with hearing aid indication and (B) without hearing aid indication. CBT = Cognitive-Behavioural 
Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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36. Figure S9: Secondary Outcome (CGI-I) at Final Visit – all Treatment Arms (Objective 2) in Patients 
with High and Low Tinnitus Distress Severity 

 

Note. Distribution (in percentage) of CGI-I (Clinical Global Impression Scale) at final visit for Objective 2 in 
patients (A) with High and (B) Low tinnitus distress severity. High tinnitus distress severity: THI ≥ 48 at 
Screening. Low tinnitus distress severity: THI < 48 at Screening. CBT = Cognitive-Behavioural Therapy; HA = 
Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 
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37. Table S28: Quantity and Type of Adverse Events per Treatment Arm 

Treatment arm Adverse event Treatment arm Adverse event 

CBT 

(n = 13) 

Reconstruction nasal septum CBT + HA 

(n = 5) 

Herpes zoster (thigh) 

Thoracic strain Skin Excision 

Additional burden due to husband's 
temporary absence 

Mental breakdown 

Cold Invasion Russia 

Diverticulitis disease Ear pain due to hearing aids 

Torn tendon on the foot CBT + SC 

(n = 12) 

Vaccine reaction (Moderna) 

Sickness of spouse Lithotripsy 

Toothache Total endoprosthesis hip 

Cold (suspected Covid-19 positive) Leukoplakia vocal cord (surgery) 

Gastrointestinal infection Chronic Fatigue Syndrome 

Worsening general health status Vaccination reaction 

Death of close friend Death of the cat, depressive symptoms of 
the significant other 

Worries about pet Severe health problems of partner 

HA 

(n = 10) 

Mole removal Angina 

Acute Urine Retention Death of pet 

Tinnitus worsening Heavy cold 

Retinal tear Inheritance dispute with siblings 

Disease of the mother-in-law CBT + ST 

(n = 13) 

Common cold 

Loss of mother-in-law Covid-19 infection 

Urinary tract infection Acute pain testis (left) 

Sleep problems Covid-19 infection 

Covid-19 infection Bereavement in the family 

Covid-19 infection Cold 

SC 

(n = 11) 

Thyroid nodule (benign) Mild temporary hearing loss 

Aggravation of tinnitus Dizziness 

Diverticulitis Worsening psychological health due to 
irritable colon or depression 

Tooth extraction Sleep rhythm disturbed 

Septoplasty Invasion Russia 

Stye Covid-19 infection 

Professional reorientation Tinnitus worsening 

Parents-in-law's dementia exacerbation HA + SC 

(n = 3) 

Broken foot 

Bicycle accident Ear infection due to hearing aid 
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Note. Adverse events potentially associated with treatment were worsening of the tinnitus percept (6); worsening 
of 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). CBT = Cognitive-Behavioural 
Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. 

  

Additional task at work Toothache 

Shoulder pain HA + ST 

(n = 5) 

Inflammation of the ear 

ST 

(n = 15) 

Surgery hand (plate removal) Frozen Shoulder 

Burglary Travel problem on Airport 

Bicycle accident Severe cold 

Influenza Work stress 

Vaccine reaction (Covid-19) SC + ST 

(n = 11) 

Lymph node removal (groin) 

Depression Forthcoming divorce 

Tooth infection and extraction A lot of stress at the beginning of the 
school year 

Great workload and stress Covid-19 infection 

Sprained foot Migraine 

Disastrous vacation Tinnitus worsening 

Cold Tinnitus worsening 

Cold Accident 

Persistent tiredness Stress at work 

Gastrointestinal infection Bicycle accident 

Tinnitus unchanged but more present and 
therefore more bothersome 

Conflict with spouse 
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38. Table S29: Compliance to Treatments  

 CBT HA – left HA – right SC ST 

Mean 7.5 5.0 5.3 47.1 108.6 

Sd 3.7 3.1 3.3 32.0 149.9 
Note. CBT (Cognitive Behavioural Therapy): number of CBT sessions attended. HA (hearing aids) – left: 
average daily wearing time of hearing aids left (in hours). HA – right: average daily wearing time of hearing aids 
right (in hours). SC (Structured Counseling): number of completed SC sections. ST (Sound Therapy): number of 
sounds played in ST. 
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39. Table S30: Primary Outcome (THI) Objective 2: Post-hoc Comparisons (Baseline to Final Visit) 

Contrast (baseline – final visit) Estimate 95% CI p p-adjusted 

CBT - (CBT + HA) 1.62 [-7.47, 10.71] .727 1.00 

CBT - (CBT + SC) -0.53 [-7.01, 5.96] .874 1.00 

CBT - (CBT + ST) 2.77 [-3.56, 9.11] .391 1.00 

CBT - HA 2.46 [-3.50, 8.42] .419 1.00 

CBT - (HA + SC) -3.18 [-11.50, 5.15] .454 1.00 

CBT - (HA + ST) 3.93 [-3.43, 11.29] .295 1.00 

CBT - SC 4.86 [-1.26, 10.98] .119 1.00 

CBT - (SC + ST) 4.21 [-1.70, 10.11] .162 1.00 

CBT - ST 13.03 [6.85, 19.21] < .001*** < .001*** 

(CBT + HA) - (CBT + SC) -2.14 [-11.60, 7.31] .656 1.00 

(CBT + HA) - (CBT + ST) 1.16 [-8.30, 10.61] .811 1.00 

(CBT + HA) - HA 0.84 [-8.24, 9.92] .856 1.00 

(CBT + HA) - (HA + SC) -4.80 [-15.57, 5.98] .383 1.00 

(CBT + HA) - (HA + ST) 2.31 [-7.81, 12.43] .654 1.00 

(CBT + HA) - SC 3.24 [-5.97, 12.45] .490 1.00 

(CBT + HA) - (SC + ST) 2.59 [-6.56, 11.74] .579 1.00 

(CBT + HA) - ST 11.41 [2.21, 20.62] .015* .675 

(CBT + SC) - (CBT + ST) 3.30 [-3.38, 9.98] .333 1.00 

(CBT + SC) - HA 2.98 [-3.30, 9.26] .352 1.00 

(CBT + SC) - (HA + SC) -2.65 [-11.13, 5.83] .540 1.00 

(CBT + SC) - (HA + ST) 4.46 [-3.02, 11.93] .242 1.00 

(CBT + SC) - SC 5.39 [-1.05, 11.83] .101 1.00 

(CBT + SC) - (SC + ST) 4.73 [-1.43, 10.90] .132 1.00 

(CBT + SC) - ST 13.56 [7.21, 19.90] < .001*** < .001*** 

(CBT + ST) - HA -0.32 [-6.22, 5.59] .916 1.00 

(CBT + ST) - (HA + SC) -5.95 [-14.30, 2.40] .162 1.00 

(CBT + ST) - (HA + ST) 1.16 [-6.07, 8.38] .753 1.00 

(CBT + ST) - SC 2.09 [-3.94, 8.11] .497 1.00 

(CBT + ST) - (SC + ST) 1.43 [-4.47, 7.34] .634 1.00 

(CBT + ST) - ST 10.26 [4.32, 16.19] .001** .045* 

HA - (HA + SC) -5.63 [-13.75, 2.48] .173 1.00 

HA - (HA + ST) 1.48 [-5.56, 8.51] .681 1.00 
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Contrast (baseline – final visit) Estimate 95% CI p p-adjusted 

HA - SC 2.40 [-3.36, 8.17] .413 1.00 

HA - (SC + ST) 1.75 [-3.84, 7.34] .539 1.00 

HA - ST 10.57 [4.78, 16.37] < .001*** < .001*** 

(HA + SC) - (HA + ST) 7.11 [-2.05, 16.27] .128 1.00 

(HA + SC) - SC 8.04 [-0.09, 16.16] .053 1.00 

(HA + SC) - (SC + ST) 7.38 [-0.65, 15.42] .072 1.00 

(HA + SC) - ST 16.21 [8.06, 24.36] < .001*** < .001*** 

(HA + ST) - SC 0.93 [-6.23, 8.09] .799 1.00 

(HA + ST) - (SC + ST) 0.28 [-6.75, 7.30] .939 1.00 

(HA + ST) - ST 9.10 [2.03, 16.16] .012* .540 

SC - (SC + ST) -0.65 [-6.39, 5.08] .823 1.00 

SC - ST 8.17 [2.29, 14.05] .006** .270 

(SC + ST) - ST 8.82 [3.20, 14.45] .002** .090 

Note. Objective 2: Pairwise comparison of treatments for the THI difference from baseline to final visit (post-hoc 
tests). The comparisons are based on a linear mixed effects model predicting the primary outcome by 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 model was adjusted for the following covariates: age, 
sex, educational attainment, hearing aid indication, and PHQ-9 baseline scores. All comparisons are two-sided and 
p-values were adjusted for multiple comparisons using the Bonferroni method. CBT = Cognitive-Behavioural 
Therapy; HA = Hearing Aids; SC = Structured Counselling; ST = Sound Therapy. *p<0.05, **p<0.01, 
***p<0.001. 

  



 

 46 

40. Table S31: Sensitivity Analysis - Primary Outcome (THI) at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -15.10 [-17.96, -12.24] 

1 Single -11.53 [-14.34, -8.72] 

2 CBT -18.12 [-24.10, -12.14] 

2 CBT + HA -16.00 [-27.17, -4.82] 

2 CBT + SC -19.17 [-25.55, -12.79] 

2 CBT + ST -14.02 [-19.96, -8.08] 

2 HA -14.50 [-19.74, -9.27] 

2 HA + SC -20.67 [-29.92, -11.42] 

2 HA + ST -12.92 [-20.59, -5.25] 

2 SC -11.66 [-17.35, -5.97] 

2 SC + ST -12.48 [-17.77, -7.19] 

2 ST -3.03 [-8.39, 2.33] 

3_A Combi_CBT -16.36 [-20.49, -12.23] 

3_A Single_CBT -18.31 [-24.41, -12.21] 

3_B Combi_HA -15.98 [-20.92, -11.04] 

3_B Single_HA -14.54 [-19.50, -9.58] 

3_C Combi_SC -16.02 [-19.74, -12.30] 

3_C Single_SC -11.66 [-17.35, -5.96] 

3_D Combi_ST -13.05 [-16.66, -9.44] 

3_D Single_ST -3.01 [-8.52, 2.51] 

4_A Doesnt_have_CBT -11.40 [-13.90, -9.00] 

4_A Has_CBT -16.90 [-20.30, -13.50] 

4_B Doesnt_have_HA -11.09 [-15.19, -7.00] 

4_B Has_HA -15.27 [-18.92, -11.61] 

4_C Doesnt_have_SC -12.31 [-14.91, -9.71] 

4_C Has_SC -14.70 [-17.87, -11.54] 

4_D Doesnt_have_ST -15.97 [-18.68, -13.27] 

4_D Has_ST -10.06 [-13.02, -7.09] 

5 Brain -16.00 [-19.49, -12.50] 

5 Brain_and_Ear -14.43 [-17.92, -10.94] 

5 Ear -9.69 [-13.09, -6.29] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Sensitivity analysis for the 
primary outcome was performed without imputation of the primary outcome.  
Objective 1: Single vs. Combination (all treatments); Objective 2: All treatments against each other; Objective 
3: Single vs. Combination (separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-
mediated vs. brain-mediated vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA 
= Hearing Aids; SC = Structured Counselling; ST = Sound Therapy.  
  



 

 47 

41. Table S32: Sensitivity Analysis – Robustness Check of the Primary Outcome (THI) at Final Visit 
using different Imputation Methods 

Imputation method Least-square mean change 
– single 

Least-square mean 
change – combination 

ß estimate p value 

Multilevel imputation -11.7 [-14.4; -9.0] -14.9 [-17.7; -12.1] 3.2 [0.2; 6.1] 0.034 

No imputation -11.5 [-14.3; -8.7] -15.1 [-18.0; -12.2] 3.6 [0.5; 6.6] 0.022 

Reference-based 
imputation (J2R) 

-12.3 [-15.2; -9.4] -14.5 [-17.1; -12.0] 2.3 [-1.7; 6.2] 0.252 

Reference-based 
imputation (CIR) 

-12.3 [-15.2; -9.4] -14.5 [-17.2; -11.7] 2.2 [-2.0; 6.4] 0.292 

Reference-based 
imputation (CR) 

-12.3 [-15.2; -9.4] -14.5 [-17.2; -11.8] 2.2 [-1.9; 6.3] 0.281 

LOCF -9.5 [-12.0; -7.1] -12.6 [-15.1; -10.2] 3.1 [0.4; 5.7] 0.024 

Note. Results of the primary objective (THI; single vs. combination treatments) under different assumptions of the 
missing data mechanism. Depicted are least-square mean changes with 95% CI in square brackets and the results 
(ß estimate with 95% CI in square brackets and p value) of the interaction effect (single vs. combination treatments 
at final visit vs. baseline). Reference-based imputation methods fill missing values following the distribution of a 
designated reference arm. We used the single treatment arm as reference (R package RefBasedMI). Jump to 
reference (J2R): As soon as a participant has a missing value, all future outcomes are set to match the reference 
arm’s trajectory from that point onward. Copy increments in reference (CIR): Missing values are imputed by 
preserving the participant’s last observed offset from the reference group but then applying the reference group’s 
subsequent changes. Copy reference (CR): Missing values are imputed as if the participant were always in the 
reference group, effectively discarding any prior difference from the reference. Last observation carried forward 
(LOCF) replaces each participant’s missing values with their most recent observed measurement, assuming that 
the outcome remains unchanged after the last observation (single imputation method). 
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42. Figure S10: Per Protocol (N = 185) Primary Outcome (THI) 

 

Note. Change from Baseline in THI total score to interim visit (6w), final visit (12w) and follow-up (36w) for A) 
single and combination treatments; B) all treatments; C) CBT + HA; D) CBT + SC; E) CBT + ST; F) HA + SC; 
G) HA + ST; and H) SC + ST. Total THI scores range from 0 to 100, with higher scores indicating greater severity 
of tinnitus. Error bars represent 95% confidence intervals. 
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43. Table S33: Per Protocol (N = 185) Primary Outcome (THI) at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -15.27 [-19.68, -10.86] 

1 Single -12.47 [-16.10, -8.84] 

2 CBT -18.53 [-25.35, -11.72] 

2 CBT + HA -10.00 [-31.55, 11.55] 

2 CBT + SC -22.00 [-34.44, -9.56] 

2 CBT + ST -17.29 [-26.35, -8.24] 

2 HA -16.33 [-23.15, -9.52] 

2 HA + SC -12.00 [-30.67, 6.67] 

2 HA + ST -10.46 [-20.82, -0.11] 

2 SC -11.11 [-19.91, -2.31] 

2 SC + ST -15.10 [-22.19, -8.01] 

2 ST -3.64 [-10.38, 3.10] 

3_A Combi_CBT -18.00 [-25.29, -10.71] 

3_A Single_CBT -18.53 [-25.70, -11.36] 

3_B Combi_HA -10.70 [-18.27, -3.13] 

3_B Single_HA -16.33 [-22.52, -10.15] 

3_C Combi_SC -16.36 [-22.06, -10.66] 

3_C Single_SC -11.11 [-19.68, -2.54] 

3_D Combi_ST -14.70 [-19.71, -9.69] 

3_D Single_ST -3.63 [-10.51, 3.24] 

4_A Doesnt_have_CBT -11.38 [-14.75, -8.00] 

4_A Has_CBT -18.27 [-23.16, -13.38] 

4_B Doesnt_have_HA -10.84 [-16.53, -5.15] 

4_B Has_HA -14.08 [-19.28, -8.88] 

4_C Doesnt_have_SC -13.06 [-16.46, -9.66] 

4_C Has_SC -14.76 [-19.69, -9.82] 

4_D Doesnt_have_ST -16.19 [-20.08, -12.31] 

4_D Has_ST -10.86 [-14.86, -6.86] 

5 Brain -16.74 [-21.73, -11.75] 

5 Brain_and_Ear -15.30 [-20.54, -10.06] 

5 Ear -9.98 [-14.37, -5.59] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Objective 1: Single vs. 
Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. Combination 
(separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. brain-mediated 
vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing Aids; SC = 
Structured Counselling; ST = Sound Therapy. 
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44. Table S34: Per Protocol 2 (N = 155) Primary Outcome (THI) at Final Visit 

Objective Contrast Change from baseline 95% CI 

1 Combination -15.49 [-20.31, -10.68] 

1 Single -12.47 [-16.54, -8.40] 

2 CBT -19.05 [-27.26, -10.83] 

2 CBT + HA -10.00 [-31.74, 11.74] 

2 CBT + SC -22.75 [-36.06, -9.44] 

2 CBT + ST -18.29 [-28.35, -8.22] 

2 HA -17.48 [-24.73, -10.23] 

2 HA + SC -15.00 [-41.63, 11.63] 

2 HA + ST -9.64 [-20.99, 1.72] 

2 SC -10.38 [-19.79, -0.96] 

2 SC + ST -14.84 [-22.26, -7.41] 

2 ST -3.07 [-10.55, 4.40] 

3_A Combi_CBT -18.72 [-26.52, -10.92] 

3_A Single_CBT -19.05 [-27.56, -10.53] 

3_B Combi_HA -10.38 [-19.03, -1.72] 

3_B Single_HA -17.48 [-24.15, -10.82] 

3_C Combi_SC -16.62 [-22.91, -10.34] 

3_C Single_SC -10.38 [-19.76, -0.99] 

3_D Combi_ST -14.66 [-20.15, -9.16] 

3_D Single_ST -3.05 [-10.82, 4.72] 

4_A Doesnt_have_CBT -11.52 [-15.20, -7.84] 

4_A Has_CBT -18.87 [-24.49, -13.25] 

4_B Doesnt_have_HA -11.03 [-17.36, -4.71] 

4_B Has_HA -14.84 [-20.60, -9.07] 

4_C Doesnt_have_SC -13.22 [-17.04, -9.41] 

4_C Has_SC -14.73 [-20.07, -9.38] 

4_D Doesnt_have_ST -16.62 [-20.97, -12.28] 

4_D Has_ST -10.81 [-15.19, -6.44] 

5 Brain -16.62 [-22.33, -10.91] 

5 Brain_and_Ear -15.63 [-21.36, -9.90] 

5 Ear -10.32 [-15.14, -5.51] 

Note. Values depict least-squares mean changes with 95% CI in square brackets. Per protocol 2: Additional 
exclusion of patients where time frame between baseline and final visit exceeded 18 weeks. Objective 1: Single 
vs. Combination (all treatments); Objective 2: All treatments against each other; Objective 3: Single vs. 
Combination (separately); Objective 4: Treatments with vs. treatments without; Objective 5: Ear-mediated vs. 
brain-mediated vs. ear- and brain-mediated treatments. CBT = Cognitive-Behavioural Therapy; HA = Hearing 
Aids; SC = Structured Counselling; ST = Sound Therapy. 
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45. Table S35: Clinical Sites and Principal Investigators 

 

  

Country Clinical Site Principal Investigator 

Belgium Katholieke Universiteit Leuven, Leuven Asst. Prof. Dr. Rilana Cima 

Prof. Dr. Johan Vlaeyen 

Germany Tinnitus Center, Charité – Universitatsmedizin Berlin, corporate 
member of Freie Universität Berlin, Humboldt-Universität zu Berlin, 
and Berlin Institute of Health, Berlin 

Prof. Dr. Birgit Mazurek 

Dr. Benjamin Boecking  

University of Regensburg, Regensburg 

(RCT coordinator) 

Prof. Dr. Berthold Langguth 

Prof. Dr. Martin Schecklmann 

PD. Dr. Stefan Schoisswohl 

Greece Ethniko Kai Kapodistriako Panepistimo Athinon, Athens, PD Dr. Dimitris Kikidis 

Assoc. Prof. Dr. Athanasios Bibas 

Spain Hospital Universitario Virgen de las Nieves, Granada 

Hospital Clinico Universitario San Cecilio, Granada 

Prof. Dr.  Jose Antonio López-Escámez 

Assoc. Prof. Dr. Patricia Perez Carpena  
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46. Table S36: Author Contributions 

Author name Contribution Author name Contribution 
Stefan Schoisswohl, Ph.D. Conceptualisation; 

investigation; formal analysis; 
methodology; project 
administration; supervision; 
visualisation; writing – original 
draft 

Juan Martin-Lagos, M.D. Investigation; writing – review 
& editing 

Laura Basso, Ph.D. Data curation; formal analysis; 
methodology; visualisation; 
writing – original draft 

Marta Martinez-Martinez, 
M.D., Ph.D. 

Investigation; writing – review 
& editing 

Jorge Simoes, Ph.D. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Nicolas Muller-Locatelli, M.D. Investigation; writing – review 
& editing 

Milena Engelke, M.Sc. Data curation; formal analysis; 
methodology; visualisation; 
writing – original draft 

Patrick Neff, Ph.D. Conceptualisation; 
Methodology; writing – review 
& editing 

Berthold Langguth, M.D. Conceptualisation; funding 
acquisition; methodology; 
supervision; writing – review & 
editing 

Uli Niemann, Dr. Ing. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Birgit Mazurek, M.D., Ph.D Conceptualisation; funding 
acquisition; methodology; 
writing – review & editing 

Patricia Perez-Carpena, M.D., 
Ph.D. 

Investigation; writing – review 
& editing 

Jose Antonio Lopez-Escamez, 
M.D., Ph.D. 

Conceptualisation; funding 
acquisition; methodology; 
writing – review & editing 

Rüdiger Pryss, Ph.D. Funding acquisition; 
investigation; methodology; 
software; writing – review & 
editing 

Dimitrios Kikidis, M.D., Ph.D. Conceptualisation; funding 
acquisition; methodology; 
writing – review & editing 

Clara Puga, M.Sc. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Rilana Cima, Ph.D. Conceptualisation; funding 
acquisition; methodology; 
writing – review & editing 

Paula Robles-Bolivar, M.Sc. Investigation; writing – review 
& editing 

Alberto Bernal-Robledano, 
M.Sc. 

Investigation; writing – review 
& editing 

Matthias Rose, Ph.D. Investigation; writing – review 
& editing 

Benjamin Boecking, Ph.D., 
DClinPsy. 

Conceptualisation; 
methodology; investigation; 
writing – review & editing 

Martin Schecklmann, Ph.D. Conceptualisation; 
investigation; methodology; 
writing – review & editing 

Jan Bulla, Ph.D. Formal analysis; writing – 
review & editing 

Tabea Schiele, M.Sc. Investigation; writing – review 
& editing 

Christopher R. Cederroth, 
Ph.D. 

Funding acquisition; resources; 
writing – review & editing 

Miro Schleicher, M.Sc. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Holger Crump, Dipl.-Soz.-Wiss Conceptualisation; writing – 
review & editing 

Johannes Schobel, Ph.D. Investigation; software; writing 
– review & editing 

Sam Denys, Ph.D. Investigation; writing – review 
& editing 

Myra Spiliopoulou, Dr. habil. Funding acquisition; data 
curation, formal analysis; 
writing – review & editing 

Alba Escalera-Balsera, M.Sc. Investigation; writing – review 
& editing 

Sabine Stark, Dipl.-Psych. Investigation; writing – review 
& editing 

Alvaro Gallego-Martinez, 
Ph.D. 

Investigation; writing – review 
& editing 

Susanne Staudinger, M.A. Conceptualisation; project 
administration; investigation; 
writing – review & editing 

Silvano Gallus, Ph.D. Funding acquisition; writing – 
review & editing 

Alexandra Stege, Ph.D. Investigation; writing – review 
& editing 

Hazel Goedhart, M.Sc Conceptualisation; writing – 
review & editing 

Beat Toedtli, Ph.D. Formal analysis; validation; 
writing – review & editing 

Leyre Hidalgo-Lopez, M.D. Investigation; writing – review 
& editing 

Ilias Trochidis, M.Sc. writing – review & editing 

Carlotta M. Jarach, M.Sc. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Vishnu Unnikrishnan, M.Sc. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Hafez Kader, M.Sc. Data curation; formal analysis; 
methodology; writing – review 
& editing 

Evgenia Vassou, M.Sc. Investigation; writing – review 
& editing 
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Michael Koller, Ph.D. Conceptualisation; writing – 
review & editing 

Nicolas Verhaert, M.D, Ph.D. Investigation; writing – review 
& editing 

Alessandra Lugo, Ph.D. Writing – review & editing Carsten Vogel, M.Sc. Investigation; methodology; 
software; writing – review & 
editing 

Steven C. Marcrum, Ph.D. Conceptualisation; 
investigation; writing – review 
& editing 

Zoi Zachou, M.D. Investigation; writing – review 
& editing 

Nikos Markatos, B.Sc. 
(Honors) 

Investigation; writing – review 
& editing 

Winfried Schlee. Ph.D. Conceptualisation; funding 
acquisition; formal analysis; 
methodology; project 
administration; supervision; 
visualisation; writing – original 
draft 

Note. All authors fulfilled the necessary requirement for authorship and agreed to be fully accountable for all 
aspects of the present work. All authors read and approved the final manuscript.  
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47. Table S37: Criteria for HA indication 

Frequency (Hz) Minimum threshold (dB HL) Maximum threshold (dB HL) 

125 10 60 

250 10 60 

500 20 65 

1000 25 70 

2000 35 75 

3000 40 80 

4000 45 80 

6000 45 80 

Note. Minimum and maximum threshold (dB HL) per frequency used for the definition of HA indication. 
HA=Hearing aid. 
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48. Table S38: Responsible Persons for the Conception of Treatments 

  

 Profession 

Cognitive Behavioural Therapy 

Boecking, B. Psychologist, Psychotherapist 

Cima, R. Psychologist, Psychotherapist 

Schecklmann, M. Psychologist, Psychotherapist 

Hearing Aid 

Dettling-Papargyris, J. Hearing aid acoustician 

Kikidis, D. Audiologist 

Marcrum, S. C. Audiologist 

Mazurek, B. ENT-Physician 

Oppel, K. Hearing aid acoustician 

Schiele, T. Doctoral student 

Schlee, W. Psychologist 

Structured Counselling 

Engelke, M. Psychologist 

Schlee, W. Psychologist 

Sound Therapy 

Neff, P. Psychologist 

Schlee, W. Psychologist 
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49. Figure S11: Box-and-whisker Plot of Observed and Imputed THI Values  

 

Note. Blue (0): Distribution of observed THI values (all visits). Red (1-50): Distribution of imputed THI values 
in all imputed data sets (all visits). THI = Tinnitus Handicap Inventory. 
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51. Published Study Protocol & Statistical Analysis Plan 

 

Study Protocol 

Schoisswohl S, Langguth B, Schecklmann M, et al. Unification of Treatments and Interventions for Tinnitus 
Patients (UNITI): a study protocol for a multi-center randomized clinical trial. Trials 2021; 22: 875. 

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05835-z  

 

 

Statistical Analysis Plan 

Simoes JP, Schoisswohl S, Schlee W, et al. The statistical analysis plan for the unification of treatments and 
interventions for tinnitus patients randomized clinical trial (UNITI-RCT). Trials 2023; 24: 472 

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-023-07303-2  
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D/Dª. ANTONIO JIMENEZ PACHECO

Que dicho Comité, está constituido y actua de acuerdo con la normativa vigente y las directrices de la Conferencia Internacional de
Buena Práctica Clínica.

Lo que firmo en Granada a 28/01/2021
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Leuven, 15 Oct 2021 

Ethics Committee 
Research UZ/KU Leuven 
Herestraat 49
B 3000 Leuven (Belgium)
Tel +32 16 34 86 00 
Email :    ec@uzleuven.be                          

dr. Rilana Cima
 

Our reference:
S65058

EudraCT-nr: Belg. Regnr:
B3222021000553

UNification of treatments and Interventions for TInnitus patients – 
Randomized Clinical Trial 

Positive advice in accordance with the law of 7 May 2004 on experiments on the 
human person

Dear colleague

The Ethics Committee Research (EC Research) of University Hospitals Leuven (UZ
Leuven) has examined and discussed the above mentioned dossier at its meeting of 12
Jul 2021.

After having consulted the additional information and/or adapted documents relating to
this dossier, EC Research considers that the proposed study, as described in the
protocol, is scientifically relevant and ethically justified. It therefore gives on 15 Oct 2021
a favourable opinion of this study.

EC Research emphasizes the responsibility of the PI/promotor of this study concerning
the privacy of the person/patient data in contacts with patients, or when viewing patient
data, including the correct implementation thereof by coworkers and students. The
PI/promotor is responsible for the implementation of the project proposal in accordance
with applicable laws and regulations including, but not limited to, the EU regulation
2016/679 (General Data Protection Regulation), the Belgian Law on patients' rights of
22/8/2002, and the policy of the institution where the research will be carried out.

EC Research refers to the ICH/GCP guidelines on its website, and confirms that a
GCP-training is required from each investigator. It is the responsibility of the principal
investigator that each member of the study team has a valid GCP-certificate.

For the assessment of this dossier, documents/answers submitted on 22 Jun 2021, 24 
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