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Background: Tinnitus is a common oto-neurological disorder associated

with sleep disturbances. This research explored visualization and visualization

reinforcedwith nature sounds as an acute therapy for sleep disturbance in people

with tinnitus.

Methods: Twelve adults with bothersome tinnitus and sleep disturbances

participated in a randomized cross-over design in which measurements of

tinnitus perception (rating scales), anxiety/depression (Hospital Anxiety and

Depression Scale), attention (Attention and Performance Self-Assessment), and

sleep quality (sleep diary and actigraphy—automated estimates of total sleep

time, sleep onset latency, sleep fragmentation, and wake after sleep onset) were

undertaken at baseline and repeated with therapy. The visualization task was

30min in duration and was performed every night before sleep. The visualization

with sound reinforcement task added nature sounds played overnight.

Results: Sleep onset latency analyzed using the sleep diary normalized

actigraphy was significantly reduced with both interventions (visualization

reduced by 60min and visualization with sound reinforcement reduced by

70min). None of the other sleep quality markers demonstrated a statistically

significant change. Self-reported attention ability significantly improved with

visualization. Of the participants, 90% were able to consistently complete

actigraphy measures over the 3 weeks of the study, and 75% kept sleep diaries.

Conclusion: Sleep onset time was reduced with visualization.

KEYWORDS

tinnitus, sleep, therapy, actigraphy, visualization, sound therapy

1 Introduction

Sleep disturbances are experienced by 50%−77% of individuals with tinnitus (ear and

head noise; Folmer and Griest, 2000). There is no cure for tinnitus; instead, therapies seek

to reduce its effects, perceptions, or comorbidities. If sleep were to improve, so might

tinnitus, and vice versa. A recent large cross-sectional study indicated that tinnitus is

associated with self-reported delayed sleep onset (de Feijter et al., 2023).
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Sound and positive visualization have been used as components

of different therapies. Visualization, or “mental imagery” is a

cognitive technique whereby the individual visualizes a mental

image to achieve specific therapeutic outcomes (Sodergren, 1992).

Visualization aims to reduce the significance of tinnitus and

change negative associations by incorporating tinnitus into a more

acceptable visuo-acoustic image (Andersson, 2002). Sound therapy

may mask tinnitus, induce relaxation, or reduce attention to

tinnitus, particularly in the absence of other sensory competition

(e.g., when seeking sleep in the dark and near silence). There is

some evidence that applying sound during sleep decreases tinnitus

intensity and improves sleep quality (Handscomb, 2006). However,

there is a need for further evidence of therapy effectiveness and

modes of action.

The absence of tinnitus biomarkers means objective

neurophysiological evidence for tinnitus treatment benefit

is limited. The current gold-standard measures for assessing

treatment efficacy are questionnaires, for example, the Tinnitus

Functional Index (TFI; Meikle et al., 2012). Rating scales can

be used for this purpose but have not been standardized.

Psychoacoustic outcome measurements of tinnitus loudness are

not strongly related to subjective improvements (Rabau et al.,

2015). The TFI includes three questions about sleep, but direct

measures of sleep may be useful adjuncts to ascertain the effects of

tinnitus therapy. Sleep questionnaires and sleep diaries are widely

used to measure subjective sleep quality and document outcomes

in insomnia treatment studies (Morin, 2003). Questionnaires may

measure the perceived severity of insomnia, interference with daily

functioning, distress due to sleep disturbances, and/or etiological

factors (Morin, 2003), for example, the Pittsburgh Sleep Quality

Index (PSQI; Buysse et al., 1989). A typical sleep diary comprises

entries for bedtime, sleep quality, sleep onset latency (SOL), and

total sleep time (TST; Morin, 2003).

The recognized gold standard for objective sleep monitoring

is polysomnography (PSG) (Blackwell et al., 2008). PSG involves

the overnight monitoring of biophysical changes during sleep using

EEG, electromyography, electro-oculography, electrocardiography,

pulse oximetry, and numerous other measures. PSG is usually

performed in a sleep laboratory and requires a multidisciplinary

team. Consequently, it is expensive, labor-intensive, and intrusive

and may not be reflective of sleep in the domestic environment.

Actigraphy has become a popular, cost-effective tool in sleep

research (Fekedulegn et al., 2020). Actigraphy estimates periods

of wakefulness and sleep based on the timing, intensity, and

duration of movements. Movement is detected by a piezoelectric

accelerometer, typically worn on the wrist. Actigraphic analysis

provides an output of several sleep parameters, including SOL, TST,

sleep fragmentation (the amount of movement or restlessness in

a sleep period), and wake after sleep onset (the number of times

awake in the night). A number of studies have proven the validity

of actigraphy for diagnosing sleep disorders and determining the

impact of particular interventions; a fulsome review of actigraphy

is limited in this brief report, and readers are referred to a review of

this method (Fekedulegn et al., 2020).

The current study was undertaken to explore if the sleep onset

delays reported with tinnitus could be improved by the use of

visualization and/or visualization with sound reinforcement. An

additional goal was to inform method selection for future tinnitus

therapy and sleep trials.

2 Methods and materials

The research was approved by the University of Auckland

Human Participants Ethics Committee (Approval no. 19629).

Written, informed consent was obtained according to the

Declaration of Helsinki.

2.1 Participants

Research candidates were recruited from a tinnitus research

volunteer database. Inclusion criteria were self-reported

bothersome tinnitus resulting in sleep disturbance, no diagnosed

sleep disorder, fluency in English, age 18 years or older, and

hearing better than severe loss. Twenty potential participants were

excluded based on these criteria; there were 14 eligible participants.

Two participants withdrew from the study. Twelve participants,

seven women and five men (mean age 64.5 years, SD = 14.1),

completed the study.

2.2 Study design

This was an unblinded, randomized crossover design.

Participants each received a sequence of a baseline and two

treatment conditions. Following audiometry and baseline

questionnaires, baseline actigraphy measurements were taken

over 2 weeks before the interventions. Participants were randomly

assigned into two groups, and the order in which they received

the interventions differed. Each treatment condition was 1 week

in duration, during which actigraphy was undertaken throughout,

and outcome questionnaires were administered weekly.

2.3 Audiometry

Pure-tone air conduction audiometry (250–16000Hz) was

conducted using a Grason Stadler (GSI-61) or a MedRx
R©
(AVANT

A2D+). Tympanometry was performed on all participants using a

Grason-Stadler TympStar immittance meter.

2.4 Questionnaires

The TFI (Meikle et al., 2012) was completed by participants

before the first session (Meikle et al., 2012). The Tinnitus Sample

Case History Questionnaire (TSCHQ) (Langguth et al., 2007) was

completed at the first session to obtain the baseline tinnitus profiles

of each participant. The PSQI (Buysse et al., 1989) was used to

measure the patterns and quality of sleep. Before and after each

intervention period, participants completed the Tinnitus Severity

Numeric Scales (TSNS; The Tinnitus Severity, 2009), a series of
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six rating scales provided to participants at the first session and

readministered after each of the two treatment conditions.

The Sleep and Tinnitus Numeric Scales (STNS; Appendix 1)

is an 11-item (10-point Likert scale) questionnaire designed to

assess how loud and annoying tinnitus is before going to sleep,

during sleep, when first waking up, and during the day. The

Attention and Performance Self-Assessment (APSA; Bankstahl and

Görtelmeyer, 2013) and the Hospital Anxiety and Depression

Scale (HADS; Zigmond and Snaith, 1983) were completed by

participants at the first session and readministered after each of the

two treatment conditions.

2.5 Sleep diary

Each participant was provided with a sleep diary to record their

sleep patterns each day of the 28-day study period. The sleep diary

recorded what time the participant went to bed, what time they

went to sleep (“lights out” with the intention of going to sleep),

and what time they woke up each day. Participants were asked

to estimate these times and complete the diary first thing in the

morning for the preceding night’s sleep.

2.6 Actigraphy

Wrist actigraphy was used to objectively measure various

markers of sleep quality. Each participant was provided with

an Actiwatch 2
R©

(Mini-Mitter Co., Inc./Respironics Inc., Bend,

Oregon, USA) actigraphy device. These devices were worn

continuously for 28 days, except during periods of water

immersion, such as bathing. A 60-s epoch length was chosen to

preserve battery life as well as provide activity data with adequate

resolution for circadian rhythm assessment. The accelerometer

sampling frequency was 32Hz, with a sensitivity of 0.025 g-force

and a bandwidth of 0.35–7.5Hz. Respironics Actiware version

6.0.9
R©
software (Mini-Mitter Co., Inc., Bend, Oregon, USA) was

used to process the data. Two methods were used for analyzing

actigraphy: (1) automatic analysis and (2) rest intervals from the

accompanying sleep diaries weremanually entered to normalize the

data, as the automatic analysis may incorrectly identify inactivity as

sleep (for details, see Respironics Actiware
R©

and Actiware
R©

CT

software manual).

2.7 Sound therapy equipment

Participants were provided with a Transcend
R©

MP330

digital music player (8GB capacity). Six sound files (source:

tinnitustunes.com) were uploaded onto each device: Forest by the

Sea, Gentle Rain, Roaring Fire, Roaring Surf, Ocean Roar, and

Yangtze Delta. Participants were provided with a Pudney or JHDS

(JH30C16C) Pillow Speaker with a 3.5-mmMono Plug. The pillow

speakers were small and flat, allowing placement underneath a

pillow. Participants were provided with an orientation on the use

of the MP3 players and speakers.

2.8 Interventions

The visualization intervention involved finding a quiet and

comfortable place to visualize for 30min every night before sleep.

FIGURE 1

(A) Attention and Performance Self-Assessment score. (B) Sleep onset latency for each condition (error bars are +/– 1 SD; *denotes statistically

significant change from baseline).
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The procedure started with a deep breathing exercise. Participants

were then instructed to create an imaginary scene in their minds

and engage as many senses as they could, such as sound, sight,

touch, taste, and smell. Participants were instructed not to visualize

anything negative or requiring problem-solving, work, or effort.

For visualization with sound, participants were instructed to

incorporate their choice of a nature sound while carrying out

visualization as described earlier. The nature sounds were then

presented continuously throughout subsequent sleep via the pillow

speaker. Participants were instructed to use the nature sounds

they found most calming or enjoyable. Written instructions were

provided for both interventions.

2.9 Data analysis

The data were analyzed using GraphPad Prism 8 software.

The Shapiro–Wilk test of normality determined that the data were

normally distributed. Repeated measures of ANOVA and Tukey’s

multiple comparisons tests were undertaken as appropriate.

Epsilon (ε), as calculated according to Greenhouse and Geisser,

was used. Sample sizes for future research were calculated

using the mean and the standard deviation for total sleep time

(actigraphy and actigraphy normalized to sleep diary results)

between baseline and visualization with sound reinforcement

obtained using actigraphy. The effect size was calculated using

an online calculator (https://lbecker.uccs.edu). Cohen’s d was

converted to Cohen’s f, d = 2f, and the sample size was determined

using G∗Power (version 3.1.9.6, repeated measures ANOVA 1

group, 2 measurements, error = 0.05, power = 0.95, correlation

between measures= 0.5, and non-sphericity correction= 1).

3 Results

3.1 Participant characteristics

Individual participant characteristics are presented in Table 1.

The average tinnitus duration was 16.3 years (SD= 23.1). Themean

TFI score was 54 (SD = 25.6). The mean global PSQI score of the

participant sample was 7.6 (SD= 4.1). The average audiogram was

a symmetrical mild sloping to moderate sensorineural hearing loss.

3.2 Outcomes with interventions

The change in all outcome measures with interventions is

shown in Table 2. Data from two participants was removed for the

APSA analysis due to having 10% or more missing questionnaire

items. One participant’s actigraphy data were not usable. Two

participants’ sleep diaries contained insufficient usable data to

be analyzed.

A repeated measures ANOVA found no statistically significant

difference between baseline, post-visualization, and visualization

with sound for the TSNS, STNS, andHADS. A significant treatment

effect on the APSA was found [F(1.76,15.84) = 8.75, p = 0.004].

Tukey’s test of pairwise comparisons showed a significant decrease

in APSA score from baseline (M = 1.71, SD = 0.52) and after

visualization (M = 1.44, SD = 0.49), p = 0.025, but not for

visualization with sound (M = 1.68, SD = 0.45). There was a

significant difference between the treatment conditions, p = 0.012

(Figure 1).

For sleep diary normalized actigraphy results, a repeated

measures ANOVA found a significant main effect of condition,

F(1.36,43.50) = 7.97, p = 0.004, and a condition by measure

interaction [F(6,64) = 9.49, p < 0.001]. Tukey’s test of pairwise

comparisons showed a significant decrease in onset latency from

baseline (M = 83.21, SD= 5.27) after visualization (M = 25.84, SD

= 37.42), p= 0.004, and visualization with sound (M= 12.54, SD=

10.66), p < 0.001, but not between interventions (Figure 1). There

were no other differences between baseline, post-visualization, and

visualization with sound for the actigraphy measures. There was

a difference between the sleep diary normalized actigraphy and

automatic total sleep time and a large difference in the onset latency

results. After excluding the two participants from the automatic

SOL who were excluded from the normalized data set, the mean

SOL difference with baseline remained similar (visualization n =

11, −3.50; n = 9, −4.73; visualization with sound n = 11, −4.12;

n = 9, −3.02), indicating that the difference with sleep diary

normalized values is not due to the sample.

To estimate sample size for future research, a power analysis

was undertaken using the sleep duration difference between

baseline and visualization with sound. For sleep diary normalized

actigraphy (10.31min), Cohen’s d = 0.19, a small effect, was

calculated. This change would require a sample of 362 participants

for statistical significance. For automatic actigraphy, the effect

(15.69min) was very slightly larger, Cohen’s d = 0.23, requiring

a sample size of 248 participants for a predicted difference in

sleep duration.

4 Discussion

This exploratory study investigated sleep patterns in a small

group of tinnitus sufferers with two interventions: (1) visualization

and (2) visualization paired with self-selected nature sounds.

Actigraphy was used to objectively measure patterns of sleep.

Repeated measures of ANOVA revealed that visualization and

visualization with sound significantly reduced SOL from baseline

in actigraphy (corrected for self-report from sleep diaries). This

result indicates that the interventions aided in falling asleep in

the short term within the participant sample. This finding was

expected as mental imagery techniques have been shown to reduce

SOL via mechanisms of attention diversion and reducing pre-sleep

cognitive activity, such as negative intrusive thoughts (Harvey and

Payne, 2002). A reduction in SOL is corroborative with reports

of participants falling asleep prior to completing 30min of the

visualization exercises. The result is also relevant for the target

population, as having tinnitus is associated with a longer self-

reported SOL (de Feijter et al., 2023).

None of the other markers of sleep quality showed any

statistically significant changes after visualization, indicating that

visualization therapy was ineffective at improving total sleep and

sleep fragmentation in the short term. This was unexpected,

as imagery has also been shown to promote these markers of

sleep quality through similar mechanisms (Loft and Cameron,
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TABLE 1 Profile of study participants.

P no. Age
(years)

Sex Handedness Family history Duration
(years)

Onset Laterality Consistency Sound TFI
Score

PSQI

1 83 Female subject RH No 10 Gradual R= L Intermittent Crickets 14.8 3

2 49 Female subject RH Unknown 4 Gradual R > L Constant Noise 92 12

3 55 Male subject RH Yes 33 Gradual L > R Constant Multiple 70.8 4

4 83 Female subject RH Yes 20 Abrupt R= L Intermittent Other 74 6

5 81 Female subject RH No 30 Gradual R= L Constant Crickets 17.6 6

6 76 Male subject RH Yes 20 Abrupt R Constant Noise 58.8 5

7 49 Male subject RH Yes 3 Abrupt R > L Constant Other 84.4 16

8 45 Male subject RH Yes 0.5 Abrupt L > R Constant Tone, Crickets 34 5

9 68 Female subject RH No 9 Abrupt R= L Intermittent Tone, Crickets 74 8

10 64 Female subject RH Unknown 64 Gradual R > L Constant Other 42.4 12

11 68 Female subject LH Yes 0.5 Gradual L Constant Noise 35.4 4

12 53 Male subject RH No 1.5 Gradual L > R Constant Tone, Crickets 55.6 11

Mean 64.5 16.3 54.5 7.6

SD 14.1 18.9 25.6 4.1

RH, right-handed; R, right ear; L, left ear; TFI, Tinnitus Functional Index; PSQI, Pittsburgh Sleep Quality Index. R= L considers tinnitus in both ears/centrally.
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TABLE 2 Study outcome measures with interventions.

Change visualization Change visualization + sound

Measure N Mean SD Mean SD

TSNS 12.00 −0.15 1.29 0.15 1.29

STNS 12.00 −0.28 1.02 0.27 1.01

APSA 10.00 ∗0.27 0.26 0.02 0.20

HADS 12.00 −1.54 6.70 −0.54 3.69

Actigraphy normalized to sleep diary

Onset latency (minutes) 9.00 ∗-57.37 37.38 ∗-70.67 13.13

Sleep time (minutes) 9.00 −15.67 51.79 10.37 27.23

Fragmentation (%) 9.00 2.84 7.14 3.87 7.40

Awake (#) 9.00 −0.37 2.71 0.46 4.00

Actigraphy automatic analysis

Onset latency (minutes) 11.00 −3.50 10.93 −4.12 11.74

Sleep time (minutes) 11.00 2.75 36.39 15.69 48.56

Fragmentation (%) 11.00 2.83 6.50 1.09 7.64

Awake (#) 11.00 −0.33 2.10 −0.75 3.10

TSNS, Tinnitus Severity Numeric Scales; STNS, Sleep and Tinnitus Numeric Scales; APSA, Attention and Performance Self-Assessment; HADS, Hospital Anxiety and Depression Scale. ∗denotes

statistically significant change from baseline.

2013). However, this finding is consistent with the Standards of

Practice Committee of the American Academy of Sleep Medicine

(Morgenthaler et al., 2006), which reports that there is insufficient

evidence for imagery training to be an option as a single therapy

for insomnia. Sound with visualization had limited additional

benefit above visualization alone, although the mean time to

sleep onset was 10min shorter with sound. Visualization did not

significantly reduce tinnitus perception, as measured by the TSNS

and STNS. This finding was unexpected due to previous studies

reporting reductions in tinnitus perception following visualization

therapy (Henry and Wilson, 1998). It was hypothesized that the

interventions would elicit improvements in various markers of

sleep quality in comparison to baseline.

Actigrahy use in this population was demonstrated to be

plausible. Over 4 weeks, 90% of participants completed regular

use and provided data that could be analyzed. This rate was

higher than the 75% completing a sleep diary; however, the sleep

diary does appear to be an important component of the sleep

analysis. The large difference in SOL between the two actigraphy

analysis methods probably reflects the automatic method’s failure

to differentiate between being motionless (but awake) and being

asleep. This weakness of actigraphy will also likely be present in

the other measures, but it is less obvious in this data set. Using

questionnaires and sleep diaries alone is limited by memory and

psychological factors (Morin, 2003).

Other methodological learnings from this study surround the

use of sound. A few participants reported that they were unable to

hear the nature sounds sufficiently through the music player pillow

speaker combination or that the player’s battery ran out overnight.

Feelings of stress and frustration due to the study equipment may

have inhibited any potential changes in attention. Environmental

sounds may enable participants to direct their auditory attention

to exogenous/environmental auditory objects more easily, reducing

tinnitus awareness and improving attention, but a few participants

reported that nature sounds were too arousing.

The short duration, small sample, and crossover nature of the

study may also explain the modest findings. The current study

used a crossover design in which each participant received both

treatments, the participants served as their own control. However,

as there was no “wash-out” period between treatments, there was a

possibility of “carryover” in the current study. The use of actigraphy

and sleep diaries over 4 weeks is possible, as demonstrated in

this study, but is demanding of participants. The crossover design

was useful for determining feasibility because it required fewer

participants and devices than a parallel group’s design; however,

more time was required by each participant to complete both

interventions. If resources allowed, a parallel arm study with a

longer intervention timewould be preferable. The estimated sample

size for a single-arm study to find a statistical difference in total

sleep time, comparing baseline to intervention, would be over

250 participants.

5 Conclusion

Actigraphy and sleep diaries appear to be feasible methods to

employ as part of trials evaluating tinnitus interventions. These

are most likely best suited for short-term evaluations. Visualization

and visualization were reinforced with a sound-reduced SOL,

meaning that subjects with tinnitus fell asleep quicker than they

had done at baseline. However, the effects of these interventions

on other measures of sleep will require larger sample sizes.

Additionally, improved methods of delivering sound during sleep

are needed.
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