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Abstract

Background Tinnitus is a leading cause of disease burden globally. Several therapeutic strategies are recommended
in guidelines for the reduction of tinnitus distress; however, little is known about the potentially increased effective-
ness of a combination of treatments and personalized treatments for each tinnitus patient.

Methods Within the Unification of Treatments and Interventions for Tinnitus Patients project, a multicenter, rand-

omized clinical trial is conducted with the aim to compare the effectiveness of single treatments and combined treat-
ments on tinnitus distress (UNITI-RCT). Five different tinnitus centers across Europe aim to treat chronic tinnitus patients
with either cognitive behavioral therapy, sound therapy, structured counseling, or hearing aids alone, or with a combina-
tion of two of these treatments, resulting in four treatment arms with single treatment and six treatment arms with combi-
national treatment. This statistical analysis plan describes the statistical methods to be deployed in the UNITI-RCT.

Discussion The UNITI-RCT trial will provide important evidence about whether a combination of treatments is superior
to a single treatment alone in the management of chronic tinnitus patients. This pre-specified statistical analysis plan
details the methodology for the analysis of the UNITI trial results.

Trial registration ClinicalTrials.gov NCT04663828. The trial is ongoing. Date of registration: December 11, 2020. All
patients that finished their treatment before 19 December 2022 are included in the main RCT analysis.
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Background

Tinnitus is a common condition associated with a high
global disease burden. Currently, there is no universal
treatment or cure for tinnitus [1]. Different therapeu-
tic strategies are recommended to reduce the burden of
tinnitus; however, little is known about the potentially
greater effectiveness of a combination of treatments
compared to single treatments. Moreover, treatment
studies in tinnitus research often suffer from methodo-
logical shortcomings. High-quality multi-center ran-
domized clinical trials (RCTs) could help to achieve
methodologically more robust results with greater exter-
nal validity. Within the multidisciplinary EU-funded
project “Unification of Treatment and Interventions for
Tinnitus Patients” (UNITI [1]), a multicenter randomized
clinical trial (UNITI-RCT) is conducted with the aim
to compare the effectiveness of single or combinational
treatment interventions for tinnitus. In detail, there are
10 different treatment arms: four single treatments (cog-
nitive behavioral therapy (CBT), sound therapy (ST),
structured counseling (SC), or hearing aids (HA)) and all
six possible two-treatment combinations of the respec-
tive single treatments (CBT and HA, CBT and SC, CBT
and ST, HA and SC, HA and ST, SC and ST).

A study protocol for UNITI-RCT has previously been
published [1], and the trial has been registered at Clini-
calTrials.gov (NCT04663828). The study protocol states
that the main goal of UNITI-RCT is to “[...] overcome
the shortcomings of previous studies, but also pave the
way for personalized medicine approaches in tinnitus.
For this purpose, a multi-center parallel-arm superiority
RCT, implemented and harmonized among five clinical
sites across the EU, combining and investigating selected
existing therapies evaluated in the European guidelines
for tinnitus [2], is conducted.”

The UNITI-RCT is executed in five clinical centers
across the EU. All patients that finished their treatment
before 19 December 2022 are included in the main RCT
analysis. The already published study protocol delineates
the rationale and methods of the study, its population
plus the respective inclusion and exclusion criteria, the
description of outcome measures, collected covariates,
and the used interventions. As a follow-up to the study’s
protocol, this statistical analysis plan (SAP) aims to fur-
ther describe the statistical techniques in more detail
used to address the primary objectives of the RCT. To
increase the transparency of data analysis, this plan will
be made public before database closure (UNITI website:
https://uniti.tinnitusresearch.net/index.php/169-start-
of-statistical-analysis-of-rct/ preprint: https://www.resea
rchsquare.com/article/rs-2123725/v1) and thus prior to
the beginning of data analysis of the main objectives of
the UNITI-RCT.
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Methods/design

Study objectives

As stated in the study protocol [1], the objectives of the
UNITI-RCT are to examine whether:

(1) Combination therapy is more effective than a
single therapy for the treatment of chronic tinnitus;
(2) The effectiveness of the ten investigated inter-
ventions differs from each other;

(3) For the four treatment types (SC, ST, HA, CBT)
the combination with another treatment is superior
to the treatment alone;

(4) A certain type of intervention either alone or in
combination is superior to other treatments;

(5) A combination of treatments targeting both the
auditory system and the central nervous system are
superior to treatments targeting only either the ear
or the brain;

(6) The development of a Decision Support Sys-
tem (DSS), where machine learning will be used to
deliver personalized suggestions for interventions
aiming to maximize its effectiveness.

This SAP describes how objectives 1-5 will be
evaluated; see Table 1. All these objectives are testing
for the superiority of one or several treatment types
over the others. The first objective, which focuses
on comparing the effects of single and combinato-
rial treatments in general and independent from the
specific intervention, will be considered the main
objective to be addressed by UNITI-RCT. The devel-
opment of the DSS (objective 6) will be described
elsewhere.

Patient population

Each center aims to enroll 100 patients for the RCT, for
a total number of 500 patients with chronic subjective
tinnitus (i.e., lasting for at least 6 months). At all sites,
potential candidates are recruited via media advertising
(according to local regulations) as well as on an individ-
ual basis at the clinical sites through, e.g., information
sheets, word of mouth, or conversations with medical
staff.

Inclusion and exclusion criteria
Tables 2 and 3 summarize the inclusion and exclusion
criteria for UNITI-RCT.

Outcomes

The Tinnitus Handicap Inventory (THI) will be used as
a primary outcome measure (see Table 1). In addition to
the THI, secondary outcome measures are the Tinnitus
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Table 1 Overview of the planned analyses to address the objectives of the UNITI-RCT
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Objective Description of comparison

Contrasted groups Primary outcome  Secondary outcome

1 Single versus combined

2 All ten treatment arms

3 SCsingle versus combined
ST single versus combined
HA single versus combined?

CBT single versus combined

4 SC versus no SC

ST versus no ST

HA versus no HA®

CBT versus no CBT

5 Combination of brain and ear
targeting treatments versus ear
or brain targeting treatments

(CBT, ST, SC, HA) versus THI
(CBT+HA, CBT+ST, CBT+5C, ST+HA,
ST+SC, SC+HA)

CBT, ST, SC, HA,
CBT+HA, CBT+ST, CBT+5SC, ST+HA,
ST+SC, SC+HA versus each other

SC versus (SC+CBT, SC+ ST, SC+HA)
ST versus (ST+SC, ST+CBT, ST+HA)
HA versus (HA+SC, HA+CBT, HA+ST)

CBT versus (CBT+SC, CBT+ST,
CBT+HA)

(SC, CBT+SC, ST+SC, SC+HA) ver-
sus (CBT, ST, HA,
CBT+HA, CBT+ST, ST+HA)

(ST, CBT+ST, ST+HA, ST+5C) ver-
sus (CBT, SC, HA, CBT+HA, CBT+SC,
SC+HA)

(HA,

CBT+HA, ST+HA, SC+HA) ver-
sus (CBT, ST, SC, CBT+ST, CBT+SC,
ST+5Q)

(CBT, CBT +HA, CBT+ST, CBT+5C)
versus (ST, SC, HA,
ST+HA, ST+SC, SC+HA)

(CBT+HA, CBT+ST, ST+SC, SC+HA)
versus (CBT, SC, CBT +5C) versus (HA,
ST, HA+ST)

CGIH - TFI MiniTQ  NRS

WHO-Qol Bref

PHQ-9

CBT cognitive behavior therapy, ST sound therapy, SC structured counseling, HA hearing aids

2 Only patients from the strata with HA indication are included in this analysis

Functional Index (TFI [4]), the short version of the Tin-
nitus Questionnaire (mini-TQ [5]), Tinnitus Numeric
Rating Scales (NRS [6]), World Health Organization —
Quality of Life abbreviated (WHOQoL-Bref; https://
www.who.int/healthinfo/survey/ WHOQOL_BREF.pdf?
ua=1), Clinical Global Impression Scale—Improvement

(CGI-I [7]), and Patient Health Questionnaire for Depres-
sion (PHQ-9 [8]).

Additional measures which are not defined as primary
or secondary outcomes but may be used for sample
description and additional analyses include: European
School of Interdisciplinary Tinnitus Research Screening

Table 2 Inclusion criteria of UNITI-RCT as specified in the study protocol [1]

Inclusion criteria

Tinnitus as the primary complaint

Tinnitus lasting at least 6 months

Age 18-80 years

A score > 18 in the Tinnitus Handicap Inventory at Screening

A score greater than 22 at the Montreal Cognitive Assessment (MoCa)

Ability and willingness to use the UNITI mobile applications [3] on their smartphones

Openness to using a hearing aid (if allocation to the hearing aid stratum)

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?)

Negative pregnancy test at screening (only at the clinical site in Granada due to specific standards of the local ethics committee)

Existing drug therapy with psychoactive substances (e.g., antidepressants, anticonvulsants) must be stable for at least 30 days at the beginning
of the therapeutic intervention. The drug therapy should remain constant during the duration of the study. Necessary changes do not constitute

an exclusion criterion per se but need to be recorded

@ Due to specific standards of the local ethics committee at the clinical site in Granada, Spain, with respect to the conduction of RCTs, all female participants will be

tested with regard to an existing pregnancy
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Table 3 Exclusion criteria of UNITI-RCT as specified in the study protocol [1]

Exclusion criteria

Objective tinnitus or heartbeat- synchronous tinnitus as primary complaint

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

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

Meniere’s disease or similar syndromes with the exception of vestibular migraine

Serious internal, neurological or psychiatric conditions

Epilepsy or other central nervous system disorders (brain tumor, encephalitis)

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

Severe hearing loss as defined by the inability to communicate properly in the course of the study

At least one deaf ear

Missing written informed consent

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

2 If a HA has already been worn 3 months before screening, eligible candidates are allowed to participate, but are automatically assigned to the group with no HA

indication

Questionnaire (ESIT-SQ [9]), Tinnitus Sample Case
History Questionnaire (TSCHQ [10]), Questionnaire on
Hypersensitivity to Sound (GUF) [11], Big Five Inven-
tory 2 (BFI-2 [12]), Montreal Cognitive Assessment
(MoCA, also used as inclusion criteria, see Table 2 [13]),
a short version of the Social Isolation Electronic Sur-
vey (Mini-SOISES [14]), Attitudes Towards Amplifica-
tion Questionnaire (ATAQ) which consists of a subset
of questions from the Attitudes towards Loss of Hearing
Questionnaire (ALHQ [15]), Fear of Tinnitus Question-
naire (FTQ [16]), and audiometric and tinnitometric
measurements (e.g., tinnitus loudness and frequency,
maskability with minimum masking levels, and residual
inhibition).

Variables assessment

An overview of all study assessments and the time points
when they were collected is presented in Table 4. The
visit window for each study visit was +7 days. In addition
to the outcome and other clinical measures described
above, the assessment included voluntary blood sam-
pling, auditory brainstem response (ABR) and auditory
middle-latency responses (AMLR), and recording of con-
comitant treatment/medication. The collected ABR and
AMLR data and blood samples will be addressed in addi-
tional analyses to the one described here. Safety measures
are otological examination, audiometry, comorbidities,
and adverse effects.

Intervention

Treatment conditions

The main objective of the UNITI RCT is to investigate
the effects of four different interventions (SC, ST, HA,
CBT) and the combinations of these interventions (CBT
and HA, CBT and SC, CBT and ST, HA and SC, HA and

ST, SC and ST). Internal standard operation procedures
were developed, and workshop training was conducted
to ensure harmonization among the participating clinical
sites with regard to the procedure, technical equipment,
and training of the research staff. A full description of
each of the four treatments is available in the study pro-
tocol [1].

Randomization and blinding

Eligible participants are randomly allocated to one of
ten treatment arms of single or combinational treat-
ments (see Fig. 1). In the first step, patients are strati-
fied into two groups according to the severity of their
tinnitus distress as measured by the THI. Participants
with a THI score greater or equal to 48 are allocated
to a “high distress” group, whereas participants with a
THI score smaller than 48 are allocated to a “low dis-
tress” group. This stratification is performed to cap-
ture the tinnitus disorder subtype, which is marked by
high tinnitus-related distress [17]. In the second step,
the two subgroups of low and high tinnitus distress are
further stratified based on their degree of hearing loss
into a subgroup with and without hearing aid indica-
tion. This results in four stratification groups, namely,
HA indication and low tinnitus distress, HA indication
and high tinnitus distress, no HA indication and low
tinnitus distress, and no HA indication and high tin-
nitus distress (cf. Fig. 1). An equal ratio of 25 patients
per group per clinical site is intended, resulting in a
total number of 100 patients per site. Subsequently,
in each center, patients are assigned to one of the ten
treatment arms according to predefined randomiza-
tion tables to have appropriate ratios for the planned
primary analysis/contrasts (e.g., single vs. combinatory
treatment).
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Table 4 Overview of assessments for the UNITI-RCT
Pre-screening Screening Baseline Treatment start Interim visit Final Follow-up Additional

visit=end of follow-up
treatment

ICF A? A

Eligibility criteria A A A

ESIT-SQ A

TSCHQ B

Mini TQ A A A A A A B

Tinnitus numeric rating scales A A A A A B

TFI A A A A A B

THI A A A A A A B

WhoQol-BREF A A A A A B

BFI-2 A

CGH A A A B

GUF B B B B B B

PHQ-D A A A A B

Mini-SOISES A A A A B

ATAQ B® B®

FTQ B B B B B

MoCA A

Randomization A

Blood sampling B¢

Otological examination A A B B

Audiometry A A B B

Loudness match A A B B

Pitch match A A B B

Maskability A A B B

Residual inhibition A B B B

ABR A B B

AMLR A B B

Treatment A A

Comorbidities A A A A A B

Concomitant medication/ A A A A A A B

treatment

Adverse events A A A B

Table reproduced from [1] (CC BY 4.0). Interim visit: week 6; final visit: week 12; follow-up: week 36; additional follow-up: week 48. A mandatory, B voluntary, ICF
Informed Consent Form, ESIT-SQ European School of Interdisciplinary Tinnitus Research Screening Questionnaire, TSCHQ Tinnitus Sample Case History, Mini-TQ Mini
Tinnitus Questionnaire, TFI Tinnitus Functional Index, THI Tinnitus Handicap Inventory, WhoQol-BREF World Health Organization Quality of Life — abbreviated, BFI-2
Big Five Inventory-2, CGI-I Clinical Global Impression Scale — Improvement, GUF Questionnaire on Hypersensitivity to Sound, PHQ-D Patient Health Questionnaire
for Depression, SOISES Social Isolation Electronic Survey, ATAQ Attitudes Towards Amplification Questionnaire, FTQ Fear of Tinnitus Questionnaire, MoCA Montreal
Cognitive Assessment, ABR auditory brainstem response, AMLR auditory middle latency response

Screening and Baseline measurements as well as treatment start can be performed on the same day. In this case, all measurements are only performed once.
The baseline should be maximum 4 weeks before the treatment start; otherwise, baseline measures should be repeated (without ESIT-SQ, TSCHQ, BFI-2, ATAQ,

electrophysiological measurements)

2 Declaration of consent (ICF) can be digital for the pre-screening

b Only for participants who were allocated to a single or combinational treatment with HA

€ Blood samples can be taken at any time point before treatment start

Table 5 shows the expected allocation of patients to
each of the ten treatment arms considering the propor-
tional ratios of the planned analysis.

The randomization of patients takes place at each
clinical site and is monitored centrally. A specific

interactive web response system (IWRS) is used to
support each clinical site with the randomization of
their patients. This facilitates the management of many
patients from different sites located in several coun-
tries and the monitoring of the multicentric study
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HA indication
(based on hearing level

Low tinnitus defined by experts)

) d ISt ress Low tinnitus High tinnitus
: THI < 48 distress. distress
Recruited patients |-
(after pre-screening & :
screening) :
Sl No HA indication
: ngh tinnitus (based on hearing level
distress defined by experts)
THI 2 48

Low tinnitus High tinnitus
distress distress

. . ST + CBT
HA Hearing Aids

ST Sound Therapy
SC Structured Counseling
CBT Cognitive Behavioural Therapy

* Only participants with HA indication can be randomly allocated to one of these groups
Fig. 1 Randomization scheme as shown in the study protocol. Figure reproduced from [1] (CC BY 4.0)

Table 5 Expected randomization per center and per treatment

Randomized Randomized Randomized allocation Randomized Randomized allocation  Total

allocation of patients allocation of patients of patients in Granada allocation of patients  of patients in

in Athens in Berlin in Leuven Regensburg
HA 12 12 12 12 12 60
ST 12 12 12 12 12 60
SC 12 12 12 12 12 60
CBT 12 12 12 12 12 60
HA+CBT 4 4 4 4 4 20
HA+SC 4 4 4 4 4 20
HA+ST 6 6 6 6 6 30
SC+CBT 12 12 12 12 12 60
ST+SC 14 14 14 14 14 70
ST+CBT 12 12 12 12 12 60
Total 100 100 100 100 100 500

with a complex design. The distribution across the participant is considered a screening failure. In case an
four strata is centrally monitored during the randomi-  eligible participant is already randomized to a treat-
zation process. If a recruited and eligible participant ment group and quits study participation, this patient
quits the RCT participation before randomization, this is considered a dropout.
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The local clinical staff will enter clinical data into a
central tinnitus database [6]. Patient-specific data as well
as treatment types will be stored with specific pseudo-
anonymized codes. The data analysis team (see section
timing of analysis) will only have access to the blinded
treatment codes stored in the database and will therefore
be blinded to the type of treatment participants received.
The statistical analysis team will have the treatment codes
unblinded only after the analysis is completed by the pro-
ject coordinators (SSch and WS).

General principles of statistical analysis

A two-sided p-value of <0.05 will be considered statisti-
cally significant, and parameter estimates will be pre-
sented with two-sided 95% confidence intervals.

Sample size calculation

A sample size of 500 participants has been calculated
based on conservative estimates of the effect size from
previous clinical trials delivering CBT, SC, and ST, with
the aim to achieve enough statistical power to address
objective 1; see the study protocol [1]. Each of the five
centers will recruit 100 patients. An equal ratio between
the four strata (HA yes, THI>48; HA no, THI>48; HA
yes, THI<48; HA no, THI<48) is intended for each
study site.

Timing of analysis

An initial data exploration is conducted during data
collection to ensure the integrity (i.e., the overall
completeness and accuracy) of the data stored in the
database. No interim analyses are planned. Data prepa-
ration, such as data cleaning (e.g., standardizing vari-
able names, encoding categorical variables as factors)
and munging will take place for each center after the
final visit of the last patient is recorded, as well as plau-
sibility checks. Exploratory data analysis with graphi-
cal methods (e.g., histograms, bar-plots, scatterplots,
graphical exploration of missing values) will also be
conducted for each center after the final visit of the
last patient is recorded. The initial and exploratory
data analysis, as well as the analysis of the main results,
will be carried out by the statistical analysis team [JS,
SG, CJ, UN, MSp, ME, NW, LB] with the pseudo-
anonymized treatment code, and therefore, treatment
blindness will be preserved. The main RCT analyses
will include data from patients who have finished their
treatment by 19 December 2022. After that date, the
data cleaning process will begin. Secondary outcome
analysis is planned to occur when the 48-week follow-
up period has been reached for participants included in
the primary outcome analysis.
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Statistical software

All preprocessing and statistical analysis will be con-
ducted in R. Data wrangling will be done with the
“tidyverse” packages [18].

Datasets to be analyzed
The intention-to-treat (ITT) population includes all par-
ticipants randomized regardless of compliance with the
study protocol. Unless otherwise specified, the main
analyses will be conducted on an intention-to-treat basis.
As a sensitivity analysis, the main analysis will be
repeated in the per-protocol population. The per-proto-
col analysis will be conducted to detect potential effects
of non-compliance and will include all subjects who met
the requirements for treatment compliance (see Table 6).

Subject disposition

The flow of participants through the clinical trial stages
will be shown with a diagram following the guidelines of
the Consolidated Standards Of Reporting Trials (CON-
SORT) [19]. This will include the number of participants
who were screened, excluded, randomized, dropped out
before treatment start (reported per treatment arm),
began the intended treatment, dropped out during treat-
ment (reported per treatment arm), completed treat-
ment, and were analyzed for the main objective (reported
per treatment arm). Additionally, protocol deviations will
be presented alongside reasons.

Participant characteristics

Baseline participant characteristics will be presented
descriptively in a standardized manner as shown in
Tables 7 and 8. Participants will be described based on
age, sex, education attainment (ESIT-SQ), PHQ-9 scores,
THI scores, TFI scores, Mini-TQ scores, WHOQoL-
Bref scores, hearing loss (audiometry), and clinical tin-
nitus characteristics (ESIT-SQ). Descriptive analysis will

Table 6 Definitions of non-compliance with treatment protocols

Treatment Definition of non-compliance with treatment
protocol
CBT 1) Missing the first and second CBT session
2) Participating in less than 6 of the 12 CBT sessions
ST 1) Not having played at least once each of the four
stimuli categories
SC 1) Not having completed the first six chapters
of the SC
HA 1) Having used HA for less than 4 h per day,

on average, according to data logging

CBT cognitive behavior therapy, ST sound therapy, SC structured counseling, HA
hearing aid
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Table 7 Baseline characteristics stratified based on center

Sample (N=, %) Athens Berlin Granada Leuven Regensburg

Age
Mean (SD)
Missing (%)
Sex
Female
Male
Missing (%)
Education attainment (ESIT-SQ A5)
No school

Primary (elementary
school)

Lower secondary (middle
school)

Upper secondary (high
school)

University or higher degree
Missing (%)
PHQ-9 score
Mean (SD)
Missing (%)
THI score
Mean (SD)
Missing (%)
TFl score
Mean (SD)
Missing (%)
Mini-TQ score
Mean (SD)
Missing (%)
Physical health (WHOQOL)
Mean (SD)
Missing
Psychological health (WHOQOL)
Mean (SD)
Missing (%)
Social factors (WHOQOL)
Mean (SD)
Missing (%)
Environment (WHOQOL)
Mean (SD)
Missing (%)
Hearing loss
None
Mild
Moderate
Severe
Missing (%)
Tinnitus presentation (ESIT-SQ B2)
Constant
Intermittent
Missing (%)
Tinnitus duration (ESIT-SQ B3)
Mean (SD)
Missing (%)
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Table 8 Baseline characteristics stratified based on treatment received

Sample (N=, %) CBT HA SC ST CBT+HA  CBT+SC CBT+ST HA+SC HA+ST  SC+ST

Age
Mean (SD)
Missing (%)
Sex
Female
Male
Missing (%)
Education attainment (ESIT-SQ A5)
No school
Primary (elementary school)
Lower secondary (middle school)
Upper secondary (high school)
University or higher degree
Missing (%)
PHQ-9 score
Mean (SD)
Missing (%)
THI score
Mean (SD)
Missing (%)
TFl score
Mean (SD)
Missing (%)
Mini-TQ score
Mean (SD)
Missing (%)
Physical health (WHOQOL)
Mean (SD)
Missing
Psychological health (WHOQOL)
Mean (SD)
Missing (%)
Social factors (WHOQOL)
Mean (SD)
Missing (%)
Environment (WHOQOL)
Mean (SD)
Missing (%)
Hearing loss
None
Mild
Moderate
Severe
Missing (%)
Tinnitus presentation (ESIT-SQ B2)
Constant
Intermittent
Missing (%)
Tinnitus duration (ESIT-SQ B3)
Mean (SD)
Missing (%)
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consist of mean scores followed by standard deviations
for continuous variables and frequencies followed by per-
centages for discrete variables. Descriptive analysis will
be available for baseline, interim (6 weeks after treatment
start), final visits (12 weeks after treatment start), and fol-
low-up 1 (36 weeks after treatment start).

Treatment compliance/adherence and protocol deviations
Compliance with treatment protocols is defined for
each treatment arm separately. For combined treat-
ments, failing to meet the criteria for one of the arms is
sufficient to identify a patient as failing to comply with
the protocol. Table 6 summarizes the definitions for
each of the arms. For CBT, meeting one of the two crite-
ria presented in Table 6 is sufficient to identify a patient
as non-compliant.

The number and percentage of participants compliant
with treatment will be presented per treatment group.
Compliance is determined by App-use log files (SC, ST),
hearing aid log files (HA), and participation in treatment
sessions (CBT). Acceptable compliance will be defined
as>50% of the recommended intervention (participa-
tion in>6 CBT sessions including the first two, using HA
four or more hours per day, on average, according to data
logging, having completed at least the first 6 chapters of
SC and having played at least once each of the four ST
stimuli categories). Withdrawal from/compliance with
the randomized intervention will be summarized using
the following variables:

+ Number of treatment discontinuations;

+ Number of patients who decided to continue with
study visits even though they canceled their treat-
ment;

« Discontinuation reasons (where available);

« Compliance with the intervention (in percent), as
described in Table 6;

All cases of protocol deviations will lead to an exclu-
sion of the respective participant from the per protocol
analysis. A list of deviations will be presented in a table
including the treatment arm and details of the deviation.
Protocol deviations are defined as any deviations from
the study protocol [1], non-compliance with inclusion/
exclusion criteria as checked during the standard visits
(interim and end of treatment visits), non-compliance
with treatment protocols, or errors in study conduct.

Concomitant therapies

Type and frequency of concomitant medication
and treatment will be categorized and presented
descriptively.
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Main analysis

Mixed-effect models will be fitted to address the main
objectives of the UNITI-RCT by considering the THI
as response variable and including the corresponding
objective, time point (baseline, interim visit, final visit
and follow-up 1), and objective-by-time interaction as
fixed effects. The coding of the objectives is described in
Table 9. The mixed-effect models will be computed using
the R packages “Ime4” [20] and “ImerTest” [21]. There
will be a separate model for each objective. Center and
subject ID are included as random intercepts to account
for the nested data structure. The model equation for the
unadjusted model will look as follows:

Imer(THI ~ time point * objective + (1 | center/subject))

The assumptions for linear mixed-effect models will
be tested using diagnostic plots using the “check_model”
function of the “performance” package [22]. The check
includes linearity, homogeneity of variance, multicollin-
earity, normality of residuals, and normality of random
effects. If any violations are detected visually, appropriate
transformations will be performed or appropriate non-
parametric/semi-parametric statistical methods will be
selected, depending on the distribution of the data and
the specific type of violation. Any such changes will be
reported in detail.

Adjusted analysis

In addition to the model described above, sensitiv-
ity analysis will be conducted by adjusting the model
with the following fixed effects: age, gender, educa-
tional attainment, hearing aid indication, and depres-
sion according to the PHQ-9 measured during baseline.
Adjusted fixed effects estimates will be reported with
their 95% confidence intervals. The model equation for
the adjusted model will look as follows:

Imer(THI ~ time point * objective + age + gender
+ educational attainment + hearing aid indication
+ PHQO9 baseline + (1 | center/subject))

Unadjusted and adjusted models will also be fitted for
the secondary outcomes.

Treatment of missing data

Multiple imputation techniques [23] will be deployed
if data is assumed to be missing at random (MAR) [24].
The key concept of multiple imputation is to use the non-
missing observed data to estimate plausible values for the
missing data [23]. This method was selected due to its
lower estimate bias, especially when compared to other
techniques such as the last observation carried forward
[25, 26]. Multiple imputation will be used to account for
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Table 9 Objectives coding
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Number of
factor levels

Description of factor levels

Description of comparison

All single vs. all combined treatments

Each treatment against each other

Single CBT vs. combined treatments with CBT
Single HA vs. combined treatments with HA
Single SC vs. combined treatments with SC
Single ST vs. combined treatments with ST
Treatments with CBT vs. treatments without CBT
Treatments with HA vs. treatments without HA
Treatments with SC vs. treatments without SC

Treatments with ST vs. treatments without ST

Objective 1 2 Single (CBT, HA, SC, ST),

Combination (CBT 4 HA, CBT 4+ SC, CBT + ST, HA+ SC,

HA 4 ST, ST+ SQ)
Objective 2 10 CBT, HA, SC, ST, CBT+HA, CBT + SC, CBT + ST, HA+SC,

HA + ST, ST+ SC
Objective 3 (CBT) 2 Single CBT (CBT),

Combination CBT (CBT+HA, CBT+SC, CBT+ST)
Objective 3 (HA) 2 Single HA (HA),

Combination HA (HA 4 CBT, HA+SC, HA+ST)
Objective 3 (SC) 2 Single SC (SO),

Combination SC (SC+ CBT, SC+HA, SC+ST)
Objective 3 (ST) 2 Single ST (ST),

Combination ST (ST+CBT, ST+ HA, ST+ 5C)
Objective 4 (CBT) 2 CBT (CBT, CBT+HA, CBT+SC, CBT+ST),

No CBT (HA, SC, ST, HA+SC, HA 4+ ST, ST+ 5SC)
Objective 4 (HA) 2 HA (HA, HA+CBT, HA 4+ SC, HA+ST),

No HA (CBT, SC, ST, CBT 4 SC, CBT 4 ST, ST+ SC)
Objective 4 (SC) 2 SC (SC, SC+CBT, SC+HA, SC+ST),

No SC (CBT, HA, ST, CBT+HA, CBT + ST, HA+ST)
Objective 4 (ST) 2 ST (ST, ST+ CBT, ST4+HA, ST+ 5C),

No ST (CBT, HA, SC, CBT 4+ HA, CBT + SC, HA+5C)
Objective 5 3 Brain (CBT, SC, CBT + SQ),

Ear (HA, ST, HA+5ST)

Ear mediated vs. brain mediated vs. ear
and brain mediated treatments

Brain 4 Ear (CBT 4 HA, CBT 4+ ST, HA+ SC, SC+ST)

participants with missing outcome values as part of the
ITT analysis. More precisely, we will first use visualiza-
tion to check for any missing data pattern by observed
data (e.g., by questionnaire, center, or treatment). If
missing data is assumed to be MAR [27], the R package
“mitml” will be used to impute the missing primary and
secondary outcomes based on non-missing constant val-
ues (e.g., age, gender, educational attainment, hearing
loss, tinnitus duration) with #=50 imputed datasets and
using "jomolmpute” as multilevel imputation method [28,
29]. If missing data is assumed to be NMAR (not miss-
ing at random), sensitivity analyses such as pattern mix-
ture models will be considered to assess the potential bias
caused by data NMAR [28]. According to Rubin’s rules,
models will be applied to each imputed dataset and esti-
mates will be pooled into an overall estimate with the
corresponding confidence interval [30].

Analysis of safety outcomes
Between-group analysis of safety outcomes will be pre-
sented descriptively, as outlined in the study protocol [1].

Adverse events (AE)

ICD-10 codes will be used for all reported adverse events.
Serious adverse events as identified by Good Clinical Prac-
tice §3 are described in terms of relatedness to treatment

(yes/no) and whether the adverse event was expected (yes/
no) [1]. Self-reported data are used as primary sources of AE
and supported by clinical reports. If the same AE is reported
by self-reports and clinical reports, only the former will be
presented to avoid duplications. The following medical
occurrences will be considered serious adverse events:

+ Death;

+ Threat to life;

« Requirement for hospitalization or extension of cur-
rent hospitalization;

+ Persistent disability or incapacity;

+ Medically relevant events (e.g., allergy).

The number of treatment-related adverse events is
reported divided by their relationship to treatment
(“doubtful,” “possible;” “probably,” and “certain”).

Conclusion

The UNITI trial will be one of the world’s largest tinnitus
trials and the first to compare established standard treat-
ments performed alone or in combination. The results of
the UNITI trial will provide much-needed evidence to
clinicians and are likely to influence international clini-
cal guidelines. The planned statistical analysis is detailed
here to provide transparency.
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