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ABSTRACT

Insomnia is a significant difficulty and is reported by large proportion
of people with tinnitus. Although cognitive behavioural therapy for
insomnia (CBTi) might be an effective treatment, no controlled stu-
dies had been conducted to date. This randomised controlled trial
evaluated the benefits of CBTi on a sample of 102 people with
tinnitus-related insomnia. Participants were randomised to 1)
CBTi, 2) Audiology-Based Care (ABC) or 3) Sleep Support Group
(SSG). Primary outcomes included insomnia, sleep efficiency and
total sleep time. Secondary outcomes measured sleep onset latency,
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sleep quality, tinnitus distress, psychological distress, functioning and
quality of life. CBTi was superior at reducing insomnia and increasing
sleep efficiency compared to ABC post-intervention and at 6-month
follow-up. ABC was superior at reducing insomnia and increasing
sleep efficiency compared to SSG. Both CBTi and ABC reported
increased total sleep time compared to SSG at 6-month follow.
More than 80% of participants in the CBTi group reported clinically
meaningful improvements compared to 47% in ABC and 20% for
those receiving social support. CBTi was more effective in reducing
tinnitus distress and improving sleep quality, functioning and some
aspects of mental health. CBTi and ABC offer effective treatments for
tinnitus-related sleep disorder but CBTi offers a sizeable benefit.

Tinnitus, the perception of a sound in the absence of external acoustical stimuli, is a common
symptom with prevalence estimates of 10-13% in the UK (range 11.9-30.3% globally:
McCormack et al., 2016). Intrusive tinnitus represents a significant public health burden
(Baguley et al., 2013), frequently accompanied by difficulties with anxiety, depression, con-
centration, hearing, functioning and sleep. Sleep disturbance is reported by up to 80% of
tinnitus sufferers (Asnis et al., 2018), with 27% meeting formal diagnostic criteria for insomnia
(Miguel et al., 2014). By comparison, estimates of insomnia in the general population range
from 6% to 10%. Tinnitus severity is correlated with sleep disturbance (Schecklmann et al.,
2015), although few studies adequately assess insomnia (Asnis et al., 2018).
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Insomnia is characterised by regular, sustained difficulties in initiating, sustaining or
obtaining qualitatively satisfying sleep, despite adequate opportunity (Edinger et al.,
2004). Day-time effects include difficulties with fatigue, attention, activity, memory and
mood (Buysse et al., 2007). Insomnia is commonly assessed by self-reported impact and
severity of sleep disturbance. Sleep patterns can be tracked for example, by measuring
total sleep time (TST), Sleep Efficiency (SE) and Sleep Onset Latency (SOL). TST offers
good face validity but can be an unreliable indicator of insomnia due to significant
individual variability and variable correlation with sleep satisfaction. SE refers to time in
bed spent asleep (often reported as a percentage) and is often associated with more
satisfactory sleep. SE is affected by SOL (time taken to fall asleep) and waking after sleep
onset. A SE of <85% can indicate insomnia (Edinger et al., 2004) and as lower SE
indicates more time in bed spent awake and this may interact with time spent aware of
tinnitus and related distress.

Polysomnography indicates that sleep architecture is similar in people with insomnia
both with and without tinnitus (Burgos et al., 2005), with equivalent outcomes on
physiological and subjective measures of sleep and daytime impact, although tinnitus
sufferers report significantly longer subjective SOL (Cronlein et al., 2007). Insomnia and
tinnitus have similar precipitants (depression, stress, autonomic arousal) (Attanasio
et al., 2013; Wallhdusser-Franke et al., 2013), and both have similar cognitive behavioural
maintaining processes, namely negative cognitions and unhelpful changes in behaviour,
attention and emotion (Harvey, 2002; McKenna et al., 2014). Specific worries common in
insomnia are also common in tinnitus patients with sleep disturbance (Cronlein et al.,
2016). Many tinnitus patients with insomnia tend to attribute sleep disturbance to the
tinnitus noise, but evidence for a causal link is unclear.

The most effective treatment for insomnia is Cognitive Behavioural Therapy for
Insomnia (CBTi), which targets cognitive behavioural maintenance factors. Clinical
trials demonstrate medium-to-large effect sizes of CBTi on various outcome measures
assessing insomnia (Morin et al., 2006; Okajima et al., 2011). Similar sizes of effect are
reported in trials of CBTi treating insomnia comorbid with chronic conditions such as
pain (Jungquist et al., 2010) and cancer (Espie et al., 2008). Since sleep deprivation can
make comorbid symptoms more distressing, it is likely that improving sleep reduces
symptom interference in pain (Tang et al., 2012), and the same could be true of
tinnitus.

The prevalent and disabling nature of tinnitus-related insomnia indicates a need for
effective treatments, but evidence is lacking. To date, CBTi has not been rigorously tested
in tinnitus-related insomnia. Meta-analysis of CBT for tinnitus (Curtis et al., 2021) shows
that small but significant improvements in insomnia can occur as secondary outcomes in
CBT, but this has not been tested on participants with clinical insomnia nor have mean
improvements met clinically meaningful reductions, so the applicability of CBT to
clinical levels of insomnia is unclear (Hoare et al., 2015). One uncontrolled evaluation
of CBTi for tinnitus-related insomnia offers initial support (Marks et al., 2019a), with 22
patients reporting clinically significant improvements following treatment in insomnia,
sleep patterns, tinnitus distress and psychological distress.

Standard care for tinnitus-related insomnia lacks evidence and treatment guidelines.
Most patients attend audiology centres, where treatment varies widely, but usually
includes education, supportive counselling, relaxation and sleep hygiene advice from
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an audiologist. This is counter to evidence that sleep hygiene alone is ineffective for
general insomnia (Edinger et al., 2021). Another intervention for tinnitus involves sound
enrichment, again with limited evidence for improved sleep and tinnitus handicap
(National Institute for Health and Care Excellence, 2020; Wakabayashi et al., 2018).

Aims

This randomised controlled trial aimed to examine whether CBTi for tinnitus-related
insomnia is effective. CBTi was compared with (i) Audiology-based care (ABC), which
was based on best possible treatment as usual and (ii) Sleep support group (SSG), a contact
control condition. The primary hypothesis was that CBTi would lead to a significantly
greater reduction in insomnia than ABC pre-to-post-treatment and at six-month follow-up.
Secondary hypotheses were that the same pattern would be observed when comparing
CBTi to SSG, and that in comparison to either control, a greater proportion of CBTi
participants would show reliable clinical change in insomnia and significantly greater mean
changes on SOL, sleep quality, dysfunctional sleep beliefs, tinnitus distress, tinnitus cata-
strophising, measures of mental health, functioning and quality of life after treatment and at
follow-up. It was hypothesised that ABC would lead to significantly greater improvements
in outcomes than SSG. Psychosocial interventions tend not to improve tinnitus volume
(NICE, 2020) so it was hypothesised that tinnitus volume would be unchanged.

Methods

This three-group, randomised controlled trial was conducted at the Royal National ENT
Hospital, London, from June 2017 to December 2019. Ethical approval was provided by
the UK NHS research committee, and the trial was registered with clinicaltrials.gov
(NCT03386123). The full trial protocol was published (Marks et al., 2019b).

Interventions

Interventions were delivered on the same day, at different times, with timing counter-
balanced across cohorts. Two clinical psychologists experienced in tinnitus, insomnia
and CBT delivered all treatments. Sessions were 120 min (follow-ups 90 min). Treatment
completion was pre-set as attendance at 50% of sessions. Participants kept psychotropic
and hypnotic medication stable throughout the study. The group interventions were (1)
Cognitive Behavioural Therapy for Insomnia (CBTi), a six-session multicomponent
treatment for insomnia, adapted for tinnitus, delivered over eight weeks. A bedside
sound generator was provided. (2) Audiology-Based Care (ABC) gave advice on tinnitus,
sleep hygiene and relaxation in two sessions, eight weeks apart. A bedside sound gen-
erator was provided. (3) Sleep Support Group (SSG) involved six sessions of supportive
counselling, delivered over eight weeks. This active control offered non-specific benefits
of social and clinical support without specific clinical advice (Pryce et al., 2019). For more
information see Supplementary Material.
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Inclusion criteria

Inclusion criteria were (1) aged 18-70years; (2) Clinically significant insomnia (mini-
mum of 15 on Insomnia Severity Index) (Bastien et al., 2001) caused by tinnitus,
present for at least 3 months; (3) at least moderately distressing tinnitus for at least
6 months (minimum of 8 on Mini Tinnitus Questionnaire) (Hiller & Goebel, 2004);
(4) Sufficient English language and hearing ability; (5) Completed medical investiga-
tions. Exclusion criteria were (1) Organic sleep disorders indicated; (2) Severe physical
or psychiatric comorbidities; (3) Risk to self or others; (4) Substance dependence; (5)
Pregnancy/breast-feeding.

Ethical considerations

Participants provided full, informed consent. Alternative treatment or referral was
available to those opting out and after the final follow-up.

Randomisation and masking

Randomisation was in cohort groups of 15-20. Treatment was delivered in cohorts, split
into three groups, each containing an average of six participants. Anonymised details
were sent to an independent researcher, who completed randomisation with stratification
for gender using a customised computer algorithm. Participants were informed of their
group number (1,2,3) three weeks prior to commencement and informed of treatment
type on first attendance. Neither participants nor therapists could be blinded to alloca-
tion, but participants were blinded to the content of alternative treatments. An indepen-
dent statistician was masked to group for all analyses.

Procedures

Participants responding to advertisements completed telephone pre-screening with
a research assistant, who checked age, ability to attend, ISI, mini-TQ and organic sleep
disorder scores (see measures section). Participants from the routine referrals route were
pre-screened by their clinician. Full assessment by a clinical psychologist was completed,
followed by informed consent and sleep diary training. Figure 1 shows the CONSORT
flow diagram.

After randomisation, participants were contacted to confirm attendance and
prompted to keep a sleep diary for the 14 days prior to session one. Outcome measures
were collected four times: Time 1 (T1) for baseline measures completed on the day before
treatment session one (3-weeks post randomisation); Time 2 (T2) at 10-weeks (end of
treatment); Time 3 (T3) at 14-weeks (1 month follow-up); Time 4 (T4) at 34 weeks
(6-month follow-up).

Treatment fidelity

A randomly selected sample of sessions (selected using a computer-generated
random number sequence) were audio recorded. A clinical psychologist from the
research team experienced in CBTi and SAC, rated each audio recording for



COGNITIVE BEHAVIOUR THERAPY (&) 95

screening appointment)

159 self-referred (responded to adverts and offered

sleep and tinnitus

!

101 clinician-referred to trial or psychology service for

.

13 DNA screening

146 screened |

A4

72 excluded at screening
25x 1S1 <15

21x organic sleep disorder
10x declined assessment
7x time / distance prohibitive
4x mini TQ <8

3x >70 years

88 fully assessed

74 attended full
assessment

'

13x not assessed

5x Did not attend appointment
6x inappropriate

2x >70 years

50 excluded
14x 1SI <15
12x severe comorbidities

1x Insomnia not from tinnitus
1x tinnitus investigation ongoing

8x organic sleep disorder

5x could not attend regularly
4x declined research

2x insomnia not from tinnitus
2x requested individual

1x ongoing medical tests

1x ongoing / current CBTi

1x Insufficient English

112 Consented (74 self-referred, 38
clinician-referred)

5 drop out before randomisation
2x personal issues

2x additional health issues

1x could no longer attend

v
107 Randomised

5 drop out after randomisation l

3x insomnia resolved

1x could no longer attend 102 commenced treatment and provided

1x DNA baseline measures

A
CBTi (n=33) ABC (n=34) SSG (n=35)

6 in cohort 1 7 in cohort 1 7 in cohort 1
5 in cohort 2 5 in cohort 2 5 in cohort 2
4 in cohort 3 6 in cohort 3 6 in cohort 3
4 in cohort 4 6 in cohort 4 7 in cohort 4
5 in cohort 5 5 in cohort 5 5 in cohort 5
9 in cohort 6 5 in cohort 6 5in cohort 6

28 completed primary outcome 6
months post

26 completed primary outcome 6
months post

2 non-completers (<3 3 non-completers (< 3
sessions) sessions)
v A v
30 completed primary outcome post 32 completed primary outcome 31 completed primary outcome
treatment post treatment post treatment
v v
29 completed primary outcome 1 29 completed primary outcome 1 27 completed primary outcome 1
month post month post month post
v v v

26 completed primary outcome 6
months post

Figure 1. Consort flow diagram.

adherence to the treatment, by indicating on coding sheets the extent to which
each facilitator covered the relevant topic and if they included information not
appropriate for that treatment. Coding sheets indicated appropriate intervention
components for each type of treatment (e.g. psycho-education, relaxation). No
breaches of fidelity were reported.
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Primary outcomes

Changes on the Insomnia Severity Index (ISI score) (Morin et al., 2011), a self-report
questionnaire assessing characteristics, impact and severity of sleep disturbance over the
last two weeks. Seven items on a 5-point Likert Scale are totalled, indicating insomnia as
non-clinical (0-7), sub-threshold (8-14) moderate (15-21) or severe (22-28). Internal
consistency is excellent (Cronbacha 0.91). Clinically significant change is a reduction in
at least 6 points (Yang et al., 2009).

Sleep diaries tracked sleep pattern. Two weeks before each measurement point,
participants recorded daily sleep characteristics (time to bed, SOL, waking, time out of
bed). Fortnightly mean averages were calculated for TST, SE and SOL. The CBTi group
kept sleep diaries continuously as part of treatment.

Secondary outcomes

The Pittsburgh Sleep Quality Index (PSQI) (Buysse et al., 1989) assessed global sleep
quality. Seven component scores produce a global index score (0-21). Higher scores
indicate lower quality; scores >5 indicate “poor sleep”.

The Dysfunctional Beliefs and Attitudes about Sleep questionnaire (abbreviated)
(DBAS-16) (Morin et al., 2007) identifies unhelpful sleep-beliefs. Sixteen statements
about sleep are rated on a 10-point Likert scale and the mean score calculated.
Psychometric properties are robust (a = .8).

Tinnitus severity was assessed using the Tinnitus Questionnaire (TQ) (Hallam, 1996),
with 41 items rated from 0 to 2, contributing to a total score. Reliable change is
a reduction of at least 11 points (McKenna et al., 2018). Test-retest reliability (r = .94)
and internal consistency (a=.93) are high. Perceived Tinnitus Loudness was measured
using a standard 10 cm visual analogue scale (VAS). The Tinnitus Catastrophizing Scale
(TCS) (Cima et al., 2011) assessed negative tinnitus cognitions.

Psychological distress was measured using the pan-diagnostic, 34 item Clinical
Outcome in Routine Evaluation—Qutcome Measure (CORE-OM). Items are rated
on a 5-point scale, with the mean then multiplied by 10. Internal reliability is good
(ranging from a > .75 to <.95). Scores >10 are clinically significant with reliable
change indicated by a change >5 points (Evans et al., 2000). Depression was
assessed on the Patient Health Questionnaire-9 (PHQ-9), where a total of >10
indicates “caseness” (Kroenke et al., 2001). Anxiety was assessed on the
Generalized Anxiety Disorder Assessment-7 (GAD-7), where a total of >8 indicates
‘caseness’ (Kroenke et al., 2007).

The EQ-5D-3 L (Herdman et al.,, 2011) measured Health-related quality of life
(HRQL). The EQ5D descriptive system contains five dimensions (mobility, self-
care, usual activities, pain/discomfort and anxiety/depression) with three problem
levels (none, some, extreme), contributing to an index score. The EQ visual
analogue scale (VAS) records perceived health on a scale from 0 to 100 (worst to
best imaginable health state). The Work and Social Adjustment Scale (WSAS)
(Mundt et al., 2002) assessed functioning, with a total score >10 indicating clini-
cally significant impairment.
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Information on age, gender, ethnicity, education, tinnitus duration, hearing loss, sleep,
other audiological problems, other health problems and previous treatments was col-
lected. Following treatment, participants indicated usefulness, relevance and acceptabil-
ity of treatment (0 to 10).

Sample size

CBTi for primary insomnia shows medium (d = 0.44) to large (d = 1.09) effect sizes
on subjective measures (Morin et al., 2006; Okajima et al., 2011). Power analysis was
conducted prior to commencement of the trial. Assuming an effect size of 0.8,
a sample of 102 participants (34 per group) provided 80% power, allowing for
10% loss to follow up, and accounting for a cohort design with 6 participants per
group, a within-group correlation of 7% and baseline to outcome correlation of 25%
(estimated from Marks et al., 2019a).

Missing data

Statistical analysis was planned prior to completion of recruitment. It was completed
by a statistician blinded to treatment group. We used modified intention to treat (all
allocated to treatment included). Missing data were treated as missing at random
(MAR) as appropriate for clinical trial data. The impact of missing data was assessed
for all measures, with multiple imputation performed as a sensitivity analysis, using
the R package mice (3.1.2), with 100 imputations for each missing observation.
Estimated parameters and confidence intervals were not materially different from
those obtained using all available data, so results reported are on available observa-
tions. The proportion of individuals with missing observations for the primary
outcome ISI was broadly similar in each group: 21%, 24% and 19% for treatments
1, 2 and 3, respectively.

Statistical analysis

Statistical analysis was performed in R (3.6.1) using Ime4 (1.1) to fit linear mixed models,
with a random effect for participant to account for repeated measurements on each
participant. Covariate terms were time, treatment and time X treatment interaction.
Ninety-five per cent Confidence Intervals (95% CI) for the fixed effect coefficients were
obtained from 1000 bootstrap samples. For multi-arm trials in which distinct treatments
are compared, there is no consensus on whether adjustment for multiple testing is
appropriate (Juszczak et al., 2019), so we report all comparisons made, without adjusting
confidence intervals for multiple comparisons. Owing to the cohort structure of the trial,
a sensitivity analysis was performed with an additional random effect term included for
treatment cohort. As there was no evidence for cohort-to-cohort variability, analysis
proceeded without a random effect for cohort. In line with Cochrane recommendations,
we report effect sizes as standardised mean differences. Effect sizes for relevant variables
are available in the supplementary material.
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Deviation from protocol

Plans had been made to gather objective sleep measures from a subsample of participants
using actiwatches. Unfortunately, hardware failure prevented such analysis. To compen-
sate, the analysis was expanded from protocol to include assessment of SOL, as delayed
SOL is a frequent complaint in tinnitus.

Results

Between June 2017 and April 2019, there were 260 respondents to the trial. Of these, 162
were fully assessed and 112 consented. Five withdrew consent pre-randomisation, and five
dropped out post-randomisation without providing baseline measures. Treatment com-
menced with 102 (34 CBTj, 33 ABC, 35 SSG). Attrition from therapy was low (5% overall),
and non-completers similar between groups (6% CBTi, 0% ABC, 9% SSG) (Figure 1).
Demographics and baseline characteristics were equivalent between groups (Table 1).
Tinnitus was problematic overall (mean TQ score ranged 42.8-46.4) as was insomnia
(mean ISI ranged 18.1-19.1) and psychological distress (mean CORE ranged 10.3-11.7).
Medical complexity of the group was reflected by self-reporting of 44% with hearing loss,
12% with other audiological conditions and 53% with other health conditions. Pre-trial,
30% had tried other tinnitus treatments and 40% had tried other sleep treatments. A logistic
regression analysis found age to be the only predictor of failure to complete (all non-
completers were under 50, whereas 52.5 was the median age of the full sample) (Table 2).

Table 1. Demographics and baseline characteristics for each group.

CBT insomnia (CBTi) (n = 33) ABC (n = 34) SSG (n = 35)
Age’, years 54 (17) 52.5(19.5) 51 (14)
Sex
Female 14 18 17
Male 19 16 18
Ethnicity
Asian 3 1 2
Black 1 2 2
Mixed 0 1 2
Other 1 3 0
White 28 27 29
Educational level
Secondary 5 0 2
Tertiary 4 6 9
Other 24 28 24
Tinnitus duration (months) 30 (42) 35(73.5) 48 (81)
Self-reported hearing loss (yes) 15 17 13
Other audiology conditions present 4 4 4
Other health conditions present 22 17 15
Previous tinnitus treatment 12 7 12
Previous sleep treatment 15 10 16
Mean number sessions attended 5(2) 2(1) 5(1.5)
Treatment non-completer 2 0 3
Usefulness of treatment® 9.64 (0.64) 6.48 (1.96) 7.67 (1.60)
(n = 25) (n =29) (n =30)
Relevance of Treatment® 9.64 (0.70) 6.76 (1.90) 8.13 (1.25)
(n = 25) (n =29) (n =30)
Acceptability of Treatment® 9.68 (0.63) 7.41 (2.16) 8.60 (1.19)
(n = 25) (n =29) (n =30)

Values reported as n, unless otherwise indicated. ®Values are median (IQR). ®Values are mean (SD).
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Effects on primary outcomes

Insomnia severity index (ISI)

As hypothesised, CBTi led to significantly greater mean reduction in ISI at T2 (adjusted
for baseline) than ABC (-6.9 points, 95% CI [-9.1, —4.4]) and SSG (-10.3 points, 95% CI
[-12.6, —8.0]). This was maintained at T4, with CBTi showing a greater mean reduction
(=5.5 points) than ABC (95% CI [-7.9, —3]) and SSG (-9.7 points, 95% CI [-11.9, —-7.1]).
Mean reduction in ISI was significantly greater in ABC than SSG at all time points. There
were large effect sizes when comparing CBTito ABC on the ISI at T2 (SMD -2.22 95% CI
[-2.95, —1.44]) and at T4 (SMD -1.79 95% CI [-2.57, —0.97]).

CBTi led to a higher proportion of individuals showing clinically meaningful
improvement on the ISI (>6-point reduction) and is summarised in Table 3. By T4,
clinically meaningful improvement was reported by 82% of CBTi participants,
compared with 47% in ABC and this was statistically significant (odds-ratio 5.1,
95% CI [1.7,15.5]) and 20% in SSG, which was also a statistically significant
difference (odds-ratio 18, 95% CI [5.4,60.5]).

Sleep diary - total sleep time and sleep efficiency

All groups showed some increase in Total Sleep Time (TST). At T2, there were no
significant differences between groups. By T3 and T4, the CBTi group had greater increase
in TST than ABC and SSG. At T4, the CBTi group obtained an average increase in TST of
66 min per night, whilst ABC reported a 30-min increase and SSG a 5-min increase on
average. The greater increase in TST in CBTi compared to ABC was significant at T3
(29.3 min, 95% CI [4.1,54.6]) but not at T4 (25.9 min, 95% CI [-1,53.4]). CBTi showed
significantly greater TST compared to SSG at T3 (50.3 min, 95% CI [23.8,76.2]) and T4
(67 min, 95% CI [38.9,92.9]). ABC led to significantly greater increases in TST than SSG at
T2 (29.3 min, 95% CI [4.4,56.1]) and T4 (41.1 min, 95% CI [12.4,67.8]).

Sleep efficiency has scale with a finite range of values, evident in its distribution, which
is distinctly non-normal. As this would violate the assumptions of the linear mixed
model, sleep efficacy was transformed using the arcsine transformation, the variance-
stabilizing transformation for a proportion. Mean differences for sleep efficiency are
reported on the untransformed scale. As hypothesised, sleep efficiency increased more in

Table 3. Proportion showing reliable change (RC) on each measure and adverse change (AC)
proportions on each measure ISI - Insomnia Severity Index (RC > 6 points); TQ - Tinnitus
Questionnaire (RC > 11 points); CORE - Clinical Outcomes in Routine Evaluation (RC > 5 points).

Time 0Odds ratio [95% Cl] 0Odds ratio [95% Cl] Odds ratio [95% Cl]

Measure point CBTi ABC SSG CBTi vs ABC CBTi vs SSG ABC vs SSG
ISI RC T2 82%  24% 9% 14.6 [4.5,47.9]* 48 [11,210.3]* 0.3[0.1,1.2]
ISI RC T4 82% 47% 20% 5.1 [1.7,15.5]* 18 [5.4,60.5]* 0.3 [0.1,0.9]*
ISI AC T4 0% 0% 0% - - -

TQ RC T2 61% 32% 6% 3.2[1.2, 871* 254 [5.2, 124.4]* 0.1 [0,0.5]*
TQ RC T4 76% 47% 26% 3.5[1.2,9.9]* 9 [3, 27]* 0.4 [0.1,1.1]
TQ AC T4 0% 0% 0% - - -

CORE RC T2 30% 18% 11% 2[0.6,6.3] 3.4109,12.2] 0.6 [0.2,2.3]
CORE RC T4 36% 15% 9% 3.3[1,10.8]* 6.1 [1.5,24.2]* 0.5[0.1,2.3]
CORE AC T4 0% 0% 3% - - -

Odds ratio for reliable change are reported and *indicates significant difference.
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CBTi when compared to ABC at T2: 9.5%, 95% CI [5.2,13.9] and T4: 8.8%, 95% CI
[4.3,14] and when compared to SSG at T2: 18.7%, 95% CI [13.9,23.5] and T4: 18.3%, 95%
CI [13.5,23.1]. Sleep efficiency improved significantly more in ABC than SSG.

Effects on secondary outcomes

Effects on sleep onset latency, sleep quality and sleep beliefs

In CBTi, mean Sleep Onset Latency (SOL) was reduced from 42 min at baseline to 16 min
at T4. SOL was significantly more reduced in CBTi compared to ABC at T2 (-10.9 min,
95% CI [-17.5,-4.7]), and T4 (-14.5 min, 95% CI [-22.6,-7.7]), and compared to SSG at
T2 (-14.4 min, 95% CI [-22,-7.4]) and T4 (-19.4 min, 95% CI [-28.8,-12.6]). SOL was
not significantly different between ABC and SSG.

As predicted, the mean reduction in global sleep distress (PSQI) was significantly
greater in CBTi when compared to ABC at T2 (-3.5, 95% CI[-4.7,-2.3]) and T4 (-2.7,
95% CI[-4.1,-1.3]) and to SSG at T2 (-5.6, 95% CI [-6.9,-4.2]) and T4 (-3.8, 95% CI
[-5,-2.4]). The mean reduction in dysfunctional beliefs about sleep (DBAS) was signifi-
cantly greater in CBTi at all time points when compared to ABC at T2 (-2.1, 95% CI
[-2.7,-1.4]), T4 (=2.3, 95% CI [~4.1,-1.3]) and SSG at T2 (=2.9, 95% CI [-3.6,-2.2]), T4
(=3, 95% CI [-3.6,-2.2]).

Tinnitus outcomes

The reduction in TQ was significantly greater in CBTi than ABC post-treatment at T2
(—10.2 points, 95% CI [-15.3,-4.9]) and T4 (6.1 points, 95% CI [-11.6,-0.8]). The same
pattern was seen when comparing CBTi to SSG. By T4, clinically meaningful improve-
ment was reported by 75% of CBTi participants, compared with 47% in ABC and the
difference between the groups was statistically significant (odds-ratio 3.5, 95% CI
[1.2,9.9]) and 26% in SSG, which was also a statistically significant difference (odds
ratio 9, 95% CI [3, 27]). There were large to moderate effect sizes when comparing CBTi
to ABC on the TQ at time 2 (SMD -0.76, 95% CI [-1.14,-0.37]) and at time 4 (SMD
~0.45, 95% CI [~0.87,-0.06]).

Counter to hypotheses, there was a significant difference in reduced tinnitus loudness
between groups; CBTi participants reported significantly greater reductions in tinnitus
loudness on the VAS at T2 compared to ABC (-1.4, 95% CI [-2.5,-0.3]) and compared to
SSG (-2.8,95% CI [-3.8,-1.8]). This remained significant up to T4 for CBTi vs SSG (-1.6,
95% CI [-2.8,-0.5]).

The mean reduction in tinnitus catastrophising was significantly greater in CBTi than
in ABC at T2 (-5.9, 95% CI [-9.8,-1.7]) and T3 (-6, 95% CI [-10.1,-1.8]), but not at T4.
The mean reduction in tinnitus catastrophising was greater in CBTi than SSG at T2 (-8.7,
95% CI [-12.9,-4.6]) and T4 (-7.1, 95% CI [-11.3,-2.8]).

Effects on psychological distress

Partly in line with hypotheses, psychological distress (CORE) showed a significantly
greater reduction in CBTi compared to ABC at T2 only (-2.9, 95% CI [-4.7,-1]). There
was a moderate effect size when comparing CBTi to ABC on the CORE at T2 (SMD 0.48,
95% CI [0.17,0.78]). Psychological distress was significantly reduced in CBTi compared
to SSG up to T4 (-2.9, 95% CI [-4.7,-0.8]).
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At T2, clinically meaningful improvement (a reduction >5 points) was reported by 30% of
CBTi participants, compared with 18% in ABC and this was not statistically significant
(odds-ratio 2, 95% CI [0.6, 6.3]) and 11% in SSG, where the difference between groups was
not statistically significant (odds ratio 3.4, 95% CI[0.9,12.2]). By T4, clinically meaningful
improvement was reported 36% of CBTi participants, compared with 15% in ABC and this
was statistically significant (odds-ratio 3.3, 95% CI [1,10.8]) and 9% in SSG, and the
difference between the groups was statistically significant (odds ratio 6.1, 95% CI [1.5, 24.2]).

In line with hypotheses, the mean reduction in depression (PHQ9) was significantly
greater in CBTi than ABC at T2 (-2.2, 95% CI [-4.4,-0.1]) and T4 (2.5, 95% CI [-4.8,-
0.5]), and significantly greater in CBTi than SSG at T2 (-5.4, 95% CI [-7.4,-3.2]) and T4
(—4.5, 95% CI [-6.7,-2.3]). Counter to hypotheses, the mean reduction anxiety (GAD?7)
was not significantly different between CBTi or ABC at any time point. There was
a significantly greater reduction in anxiety in CBTi compared to SSG at T2 (-3.1, 95%
CI [-5,-1.2]) and T4 (=3.2, 95% CI [-5.1,-1.3]).

Effects on quality of life and functioning

Index values were calculated based on available population norms (Szende et al., 2007)
using the cran.r-project.org for the EQ5D; no significant differences between groups were
found here. However, the EQ VAS measure showed change, and CBTi had significantly
greater increases in QoL compared to ABC at T2 (11.7, 95% CI [4.8,18.1]) and T4 (7.2,
95% CI [0.1,14.5]). CBTi significantly greater improvements in EQ VAS compared to
SSG, but only at T2 (11, 95% CI [3.9,17.6]). No significant differences between ABC and
SSG groups were found on the EQ VAS. Following treatment, the mean impairment in
functioning (WSAS) was significantly smaller in CBTi compared to ABC at both T2
(-5.9, 95% CI [-8.3,-2]) and T4 (-4.2, 95% CI [-7.4,-0.9]) and significantly smaller in
CBTi than SSG at both T2 (~11.2, 95% CI [-14.4,-8.1]) and T4 (=9.9, 95% CI
[-12.9,-6.9]).

Adverse events & acceptability

No major adverse events or clinically significant deteriorations on primary outcomes
were reported (Table 3). CBTi was rated highly for acceptability, relevance and usefulness
(>9.5/10 on all measures). Ratings were lower for ABC (7.7-8.6/10) and SSG (6.4-7.4/10)
(see Table 1).

Discussion

CBTi for tinnitus-related insomnia led to significant, clinically meaningful improve-
ments in insomnia and tinnitus distress. CBTi is more effective than commonly available
treatments (ABC) including a contact control (SSG). The effect size was striking: 82% of
CBTi participants reported clinically significant reductions in insomnia by the end of
treatment, maintained for six months (compared to 47% of ABC and 20% of SSG
participants). CBTi led to significant improvements on SE and SOL (on average SOL
reduced by 26 min by T4). Hypotheses that ABC would lead to significantly greater
improvements in insomnia and sleep diary measures when compared to the SSG were
also broadly supported, indicating that a lower intensity treatment of this sort may offer
important benefits.
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Changes in TST were mixed, probably due to treatment design and the unreliability of
TST as a measure of insomnia. CBTi and ABC were superior at increasing TST compared
to SSG. However, CBTi was only superior to ABC at T3. It is worth noting, however, that
the raw scores indicate noteworthy improvements in CBTi, increasing on average by 66
min per night in CBTi (compared to 30 min in ABC and 4 min in SSG). One possible
explanation is that whilst ABC focuses on sleep hygiene, CBTi focuses on SE, which
involves restricting time in bed until SE has increased to 90%. This means CBTi shortens
sleep time initially, reversing over the longer term (Edinger et al., 2021). TST can also be
an unreliable measure of sleep satisfaction or insomnia, and the results at T2 where CBTi
group show significantly reduced ISI scores and improvements in sleep quality despite
having little increase in TST, support this conclusion.

Secondary outcomes

CBTi was far more effective in reducing tinnitus distress than the control conditions,
with 76% reporting reliable reduction by six months. This compares well with other
tinnitus-specific psychological treatments (McKenna et al., 2017). It is noteworthy that
tinnitus improved following treatment that focused on insomnia rather than tinnitus.
The finding aligns with observations in other chronic conditions such as pain (Tang et al.,
2015), where CBTi improves pain, depression and sleep, and indicates that early inter-
vention for insomnia can have broad physical and mental health benefits.

Unexpectedly, CBTi led to greater reductions in tinnitus loudness than ABC or SSG.
As this pattern was mirrored for tinnitus catastrophizing, it is possible more efficient
sleep and less SOL, meant that participants had less time to spend awake in bed, bothered
by tinnitus. This could have reduced the stress arousal and attentional processes thought
to contribute to perceived tinnitus loudness (McKenna et al., 2014).

As predicted, CBTi led to significantly greater improvements than SSG in psycholo-
gical distress, anxiety and depression. Differences between CBTi and ABC were clear on
measures of mood, but less apparent on measures of distress and anxiety. This could
relate to evidence that insomnia may contribute more to depression than anxiety (Staner,
2010), although causal relationships between anxiety, depression and insomnia are
unclear (Alvaro et al., 2013) and further research is warranted.

Improvements in quality of life and functioning were significantly greater in CBTi than
the controls, although a significant difference in the EQ VAS did not continue beyond T2.
In contrast, there was little change and no significant group differences on the EQ-5D.
This could be the result of a ceiling effect, as baseline scores were high. Researchers
recommend the 5-level scale for improved responsiveness (Herdman et al., 2011).

Strengths and limitations

Strengths of the study include the novel and robust design, which for the first time
compared CBTi to a contact control and an active treatment. Findings thus indicate
that outcomes from CBTi are superior to existing treatments and not due to clinical
contact alone. Attrition rates were low across all conditions, and ratings of acceptability
and usefulness were high, indicating clinical relevance. Recruitment led to a diverse and
complex sample, many with hearing loss, and previous experience of treatment,
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suggesting CBTi may be appropriate for use within standard care. The proportion of
reported hearing loss (44%) was low for a tinnitus population, where hearing loss tends
to be more prevalent. It is important to note, however, that this was assessed by self-
report rather than audiological tests at the time of treatment, meaning mild hearing loss
may not have been accurately captured. The proportions with hearing loss were
balanced across groups suggesting that it is unlikely that this variable accounts for
differences between groups. As “treatment as usual” is highly variable, a specific form of
ABC had to be developed as a comparator for this trial. It was based on best possible
practice and thus offered an intensified version of standard care. This should be
regarded as a strength, as it shows that CBTi is superior to a high quality, active control.
While ABC was used as an accurate representation of audiological care likely to be
available, it is worth noting that from a methodological point of view, it would have
been fairer if all treatments had contained an equal number of sessions; however, this
would have decreased representativeness of clinical practice.

There is a risk of bias despite randomization, as the study was not double blind,
a common and unavoidable issue in psychological trials (Berger, 2015). Unfortunate
hardware failure made it impossible to corroborate self-report sleep data with
objective measures, but consistency between diary and questionnaire measures
suggested participants could indicate sleep improvement without electronic corro-
boration. This does not limit conclusions relating to insomnia, as satisfaction is
more important in assessing insomnia than are objective measures. Finally, although
the trial was adequately powered for between-group analysis, the sample size is
relatively small for a three-arm RCT.

Conclusions

CBTi for tinnitus-related insomnia leads to greater improvements in insomnia and
tinnitus distress than treatment as usual, which in turn leads to greater improvements
than supportive group counselling. CBTi for tinnitus-related insomnia should be
a standard treatment for patients with this complaint.
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