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ABSTRACT 18 

Background: Insomnia is a prevalent health concern in the general population associated with a range of 19 

adverse health effects. New, effective, safe and low-cost treatments, suitable for long-term use, are urgently 20 

required. Previous studies have shown the potential of electrical vestibular nerve stimulation (VeNS) in 21 

improving insomnia symptoms, however only one sham-controlled trial has been conducted on people with 22 

chronic insomnia. 23 

Objectives/Hypothesis: Repeated VeNS delivered by the Modius Sleep device prior to sleep onset will show 24 

superior improvement in Insomnia Severity Index (ISI) scores over a 4-week period compared to sham 25 

stimulation. 26 

Methods: In this double-blinded, multi-site, randomised, sham-controlled study, 147 participants with 27 

moderate to severe insomnia (ISI≥15) were recruited and allocated a VeNS or a sham device (1:1 ratio) 28 

which they were asked to use at home for 30 minutes daily (minimum 5 days per week) for 4 weeks. 29 

Results: After 4 weeks, mean ISI score reduction was 2.26 greater in the VeNS treatment group than the 30 

sham group (p=0.002). In the per protocol analysis, the treatment group had a mean ISI score decrease of 31 

5.8 (95% CI [-6.8, -4.81], approaching the clinically meaningful threshold of a 6-point reduction, with over 32 

half achieving a clinically significant decrease. Furthermore, the treatment group showed superior 33 

improvement to the sham group in the SF-36 (Quality of Life) energy/fatigue component (PP p=0.004, effect 34 

size 0.26; ITT p=0.006, effect size 0.22). 35 

Conclusions: Modius sleep has the potential to provide a viable, non-invasive and safe clinically meaningful 36 

alternative treatment option for insomnia. 37 

Keywords: insomnia, vestibular stimulation, sleep, brain, quality of life, RCT 38 

Abbreviations: CBT-I (cognitive behavioural therapy for the treatment of insomnia), VeNS (electrical 39 

vestibular nerve stimulation), ISI (Insomnia Severity Index), PSQI (Pittsburgh Sleep Quality Index), SF-36 40 

(RAND 36-Item Short Form Survey, Quality of Life), UK (Ulster University site consisting of participants 41 

resident in the UK and Ireland), HK (Hong Kong site consisting of participants resident in Hong Kong), AE 42 
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(adverse event), ITT (intention to treat analysis using last observation carried forward), PP (per protocol 43 

analysis), Wk0 (Week 0), Wk2 (Week 2), Wk4 (Week 4), Wk8 (Week 8), Wk16 (Week 16).   44 
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INTRODUCTION 45 

Insomnia is a prevalent health concern; approximately one in three adults in the United Kingdom (UK), Hong 46 

Kong (HK) and other countries report symptoms of insomnia [1-4]. The clinical definition of insomnia varies, 47 

and so, therefore, do estimates of prevalence. The American Psychiatric Association estimates that 48 

approximately 10% of individuals meet their criteria for insomnia disorder, characterised by difficulty 49 

initiating or maintaining sleep and dissatisfaction with sleep quantity or quality [3]. Lack of sleep is 50 

associated with multiple adverse health effects including lower quality of life [5, 6], increased risk of 51 

accidents [7-9], depression [10-13], cardiovascular diseases [14-17] and impaired immune function [18, 19].  52 

Pharmaceutical treatments are widely used in the treatment of insomnia. Although effective short-term, 53 

their associated side-effects (e.g., daytime fatigue, impaired cognition, impaired driving, dependence, 54 

withdrawal, and abuse [20-24]) limit their use and long-term use is not recommended [23-27]. Cognitive 55 

behavioural therapy for insomnia (CBT-I) is the first approach in most western countries as it is effective 56 

with minimal side-effects [1, 20, 22-24, 28, 29], but traditional Chinese medicine remains the preferred 57 

option in HK [30]. However, limitations of CBT-I include time, costs, and a shortage of trained clinicians [28]. 58 

Alternative treatment approaches, that are more clinically and economically feasible, are urgently needed.  59 

The vestibular system detects changes in both head motion and position and is critical for balance and 60 

spatial orientation. The vestibular system is known to affect sleep, but the mechanism of action is unclear.  61 

Some hypotheses propose that the daily movement information provided by the vestibular system affect 62 

the suprachiasmatic nucleus and therefore circadian rhythm [31-33] or influence the orexinergic neurons in 63 

the hypothalamus, impacting sleep regulation, potentially by the build-up of adenosine [34-36]. Previous 64 

studies induced vestibular activation mechanically, with rocking resulting in accelerated sleep onset and 65 

increased duration of non-rapid-eye-movement sleep [37-39]. Electrical vestibular nerve stimulation (VeNS), 66 

a safe and potentially effective treatment for insomnia [40-44]; is achieved by delivering current to the skin 67 

over the mastoid process [45]; however, the only sham-controlled study evaluating the effectiveness of 68 

VeNS delivered prior to sleep was on younger adults with chronic insomnia and was performed in an 69 

artificial lab setting [44]. The present study aimed to explore the effect of repeated VeNS applied at home, 70 
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on adults experiencing insomnia symptoms. We hypothesised that repeated use of a VeNS device will show 71 

superior improvement in Insomnia Severity Index (ISI) scores over a 4-week period compared to sham 72 

stimulation. 73 

74 
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METHODS 75 

Study design 76 

This randomised, double-blinded, sham-controlled trial was conducted at two sites: Ulster University, UK, and 77 

Hong Kong Polytechnic University, HK. Participants were asked to use their allocated VeNS device at home for 78 

30 minutes daily over 4 weeks (UK 28 consecutive days; HK 5 days/week, 20 days total). Questionnaires; ISI 79 

[46], Pittsburgh Sleep Quality Index (PSQI) [47] and SF-36 (RAND 36-Item Short Form Survey, Quality of Life 80 

[QoL]) [48] were completed as indicated in Figure 1. The primary outcome was change in ISI score over 4 81 

weeks (Wk0-Wk4). Data were collected via video call (UK); and face-to-face (HK).  The trial commenced June 82 

2022 and concluded January 2023. 83 

[Insert Figure 1 here – black and white online and print] 84 

Recruitment and participants  85 

Individuals suffering from chronic, moderate to severe insomnia (as defined by ISI≥15) were recruited via 86 

social media advertisement, email circulations, and on-campus posters/flyers. Eligibility (see Table 1) was 87 

confirmed via an in-depth screening telephone call.  88 

[Insert Table 1 here] 89 

Randomisation and blinding  90 

Double-blinded randomisation was completed post-enrolment using a block method (1:1 allocation; block 91 

size: 2 [UK] or 10 [HK]). UK participants were stratified by sex and randomised using an independently 92 

provided sealed-envelope system.  For HK participants, an independent statistician used a computer-93 

generated list of random numbers (www.random.org, accessed on 1 June 2022) using a stochastic 94 

minimization programme to balance participants’ sex, age, and ISI scores.  At Week 4 (Wk4), participants (and 95 

[UK] researchers) indicated whether they believed they were in the treatment or sham group or were unsure.    96 

Intervention and sham control  97 
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The Modius Sleep (MS1000), a portable, battery-operated vestibular nerve stimulator, and a visually similar 98 

sham devices were provided by Neurovalens Ltd. (Belfast, UK) (Figure 2). Table 2 displays the active and sham 99 

stimulation applied. Participants were trained at Week 0 (Wk0, Baseline) on how to operate the device and 100 

position the electrode pads.  101 

[Insert Figure 2 here – colour online, black and white print] 102 

[Insert Table 2 here] 103 

Study outcomes 104 

Insomnia Severity Index 105 

The ISI is a validated 7-item self-report questionnaire that measures participants’ perception of their insomnia 106 

over the previous two-weeks [46]. The total ISI score is categorised as not clinically significant (0-7), 107 

subthreshold (8-14), moderate (15-21), or severe (22-28) insomnia. A decrease in score of ≥6 points is 108 

considered clinically meaningful [54]. Additional data were collected at Wk2 (UK), Wk8 and Wk16 (HK). 109 

Secondary Outcomes 110 

Pittsburgh Sleep Quality Index 111 

The PSQI (completed at Wk0 and Wk4) is a validated self-report questionnaire which assesses sleep quality 112 

over one month [47]. It includes 19 items which generate 7 component scores: subjective sleep quality, 113 

latency, duration, efficiency, and disturbances, use of sleeping medication, and daytime dysfunction. 114 

Component scores are totalled to give a global score where a score >5 indicates a ‘poor sleeper’ vs a ‘good 115 

sleeper’ (diagnostic sensitivity 89.6%, specificity 86.5%) [47].  116 

Health related Quality of Life (SF-36)  117 

The RAND SF-36 (completed at Wk0 and Wk4) is a self-report QoL assessment tool. The 36 items generate 8 118 

separately-assessed component scores: physical functioning, role limitations due to physical health, role 119 
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limitations due to emotional problems, energy/fatigue, emotional well-being, social functioning, pain, and 120 

general health.  121 

Caffeine Diaries 122 

Participants (UK) completed caffeine diaries (type, amount and time consumed) for one week prior to Wk0 123 

and Wk4 appointments. Participants were asked not to change their caffeine intake during the study. 124 

Compliance and Adverse Events 125 

Compliance was monitored using the Modius Sleep iOS app. Data logs (usage, average current and electrical 126 

impedance) were reviewed by the clinical team. Duration (minutes) and number of sessions were used to 127 

calculate participants’ mean number of weekly sessions; participants using the device <5 days per week were 128 

contacted by the study team to encourage increased usage.  129 

Anticipated side effects of VeNS included discomfort/irritation behind the ears, vertigo/dizziness, mild-130 

moderate nausea and headaches. Participants reported non-anticipated adverse events (AEs) and serious 131 

AE’s as they occurred, and at Wk4. Reporting in UK was researcher-led, participants completed a 132 

questionnaire listing potential AEs; in HK, reporting was participant-led, only participants reporting AEs, 133 

completed this questionnaire. 134 

Statistical analysis 135 

Sample size was based on a pilot study [55] where baseline ISI score SD was 4.7 rounded to 5.0 as an 136 

estimate of SD for within-group ISI score change. Anticipating that the sham may have some placebo effect 137 

in reducing ISI score, our trial was powered to detect a difference of 3 points between the treatment and 138 

sham groups. Based on these parameters, n=60 per group was required to provide 90% power to detect the 139 

stated effect size, significance level of 0.05, using two-tailed two sample T test.  Allowing for 15-20% 140 

dropout, target recruitment was n=144.  141 

Jo
urn

al 
Pre-

pro
of



9 
 

Data were analysed using SPSS 29.0, except for general linear hypotheses testing for which R (V4.1) was used.  142 

A per protocol analysis (PP) was carried out on participants who completed the study to Wk4. Intention-to-143 

treat (ITT) analysis using last observation carried forward was used to address missing data for all participants 144 

with baseline-only data. Both analyses are presented throughout. For comparison, sensitivity analysis using 145 

multiple imputation was also performed for missing values which did not change study outcomes. Exploratory 146 

data collected at Wk8 and Wk16 was not statistically analysed due to the volume of missing data. Data are 147 

presented as mean+SD. A probability value of ≤0.05 was considered statistically significant, except where 148 

Bonferroni corrections were applied for multiple comparisons. 149 

Internal consistency for the PSQI and SF-36 was determined using Cronbach’s alpha.  150 

Normality testing per intervention group was conducted for continuous variables using histograms and Q-Q 151 

plots. ISI scores were normally distributed, however change in ISI score, PSQI global scores, age, usage 152 

(average sessions per week), stimulation level and caffeine intake were not normally distributed therefore 153 

non-parametric tests were used.  154 

Baseline between-group differences were determined using independent t-tests for ISI scores; Mann-Whitney 155 

U tests for age, caffeine intake, PSQI scores, and SF-36 scores; and Χ2 tests for sex and ethnicity.  156 

Associations between change in ISI score and usage and age were checked using Pearson Correlation, and 157 

between change in ISI score and sex using independent t-test. 158 

Linear mixed modelling was used to compare between-group difference in ISI score over time (Wk0, Wk2 and 159 

Wk4). Age, sex, ethnicity, site and total usage were included as covariates; however, only age had a significant 160 

effect and therefore remained in the final model. General linear hypotheses testing was completed for 161 

between-group difference in ISI score from Wk0 to Wk4, in an age-adjusted model.  162 

Independent t-tests were used to compare change in ISI scores between sites and to characterise those who 163 

were most likely to achieve a clinically significant reduction in ISI score (>6) in the treatment group.   164 

Jo
urn

al 
Pre-

pro
of



10 
 

Between-group difference in the number of participants who achieved clinically significant reduction in ISI 165 

score was analysed using logistic regression.  166 

For ISI, PSQI and SF-36 scores, Mann-Whitney U tests were conducted for between-group differences in the 167 

change from Wk0 to Wk4. Wilcoxon signed rank tests were used for within-group differences from Wk0 to 168 

Wk4 for PSQI, SF-36 and caffeine intake. Application of Bonferroni corrections gave a significance threshold 169 

of p≤0.007 for PSQI components, and p≤0.006 for SF-36 components.  170 

Effect sizes were determined using r=Z/√n. 171 

Between-site differences in usage and stimulation level were analysed using Mann-Whitney U tests. 172 

Ethical consideration  173 

Ethical approval for the UK was granted by Health and Care Research Wales and Wales Research Ethics 174 

Committee 7 (22/WA/0022, IRAS ID 301555) and for HK by the Human Subjects Ethics Sub-Committee, Hong 175 

Kong Polytechnic University (Ref: HSEARS20220320001).  The study was registered at https://clinicaltrials.gov 176 

(ClinicalTrials.gov Identifier: NCT04452981).  The HK protocol has been published [56], and the UK protocol is 177 

available on request. 178 

The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. 179 

Participants who met the eligibility criteria provided written informed consent at enrolment.   180 
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RESULTS  181 

Of the 149 participants who enrolled, 147 completed a baseline appointment and were included in the study 182 

analyses (Figure 3). A total of twenty-three participants withdrew before Wk4, meaning 84.6% completed the 183 

study to end of intervention. There was no between-group significant difference in the number of withdrawals 184 

during the intervention period (n=12 (16.4%) and n=9 (12.2%); treatment and sham group respectively; Χ2 [1, 185 

n=147] = 0.549, p=0.459).  186 

[Insert Figure 3 here – colour online, black and white print] 187 

Participants were mostly female (66.7%) and of Asian ethnicity (68.0%); age 40.8+13.5 years (range 19-72 188 

years). At baseline, there were no significant differences between intervention groups (Table 3); for both 189 

cohorts, the mean ISI score category indicated ‘moderate’ insomnia, and the mean PSQI score indicated a 190 

‘poor sleeper’.  191 

[Insert Table 3 here] 192 

Caffeine intake did not change between pre-Wk0 and pre-Wk4 (ITT p=0.725; PP p=0.587) and therefore was 193 

not included as a covariate in analyses. 194 

Compliance 195 

For the 126 participants who completed the intervention (PP cohort), the mean number of weekly sessions 196 

completed was 5.8+1.73 (sham group: 5.8+1.48 and treatment group: 5.8+1.97; no significant between-group 197 

difference, p=0.393). Almost three quarters (71.4%) achieved a mean of ≥5 sessions/week (80.0%, 62.3%; 198 

sham and treatment groups respectively), and 7.14% (6.15%, 8.20%) had a mean of <4 sessions/week (sham 199 

and treatment groups respectively). There was no significant difference in usage between sites (5.7±1.88 [HK] 200 

and 6.0±1.42 [UK]; p=0.071). The mean stimulation level was 4.0+2.5, equating to 0.4mA (sham group: 201 

3.9+2.6 and treatment group:4.2+2.5; no significant between-group difference, p=0.351).  202 

Adverse events (AEs) 203 
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Twenty-two non-anticipated AEs (n=20 in UK) were reported during the intervention period, and one 204 

additional serious AE (minor cerebral vascular accident) that was not device related. Most (n=16) AEs were 205 

reported by the treatment group and were infrequent headaches/migraines (Table 4). One participant 206 

(treatment group) withdrew due to experiencing nausea and headaches after wearing the device. 207 

[Insert Table 4 here] 208 

 209 

ISI score 210 

In both groups, ISI score decreased during the intervention (primary outcome: 3.14 [17.1%] vs -4.85 [24.5%] 211 

[ITT], -3.52 [19.2%] vs -5.80 [29.4%] [PP]; sham and treatment groups respectively; p<0.001 for both groups) 212 

(Figure 4). However, this improvement was significantly greater in the treatment group (p=0.010), with age 213 

having a significant overall effect on the model (p=0.004). General linear hypotheses testing also showed a 214 

significant between-group difference in change in ISI score from Wk0 to Wk4 (p=0.002) and estimated a 215 

participant in the treatment group to have a decrease in ISI score of 2.26 more than a sham group participant. 216 

Mann Whitney U test also showed significant between-group difference in change in ISI score from Wk0 to 217 

Wk4 (PP p=0.019, effect size 0.21; ITT p=0.047, effect size 0.16).  In both intervention groups, ISI score 218 

decreased most from Wk0 (18.4, 19.8) to Wk2 (15.6, 15.2) then further to Wk4 (14.8, 13.9); at Wk8 (14.1, 219 

13.9) and Wk16, scores remained low (14.2, 13.9) (sham and treatment group respectively) (Figure 4).  220 

Half of the participants in the treatment group (31/61, PP cohort) achieved a clinically significant decrease in 221 

ISI score.  Those who did were more likely than those who did not to have a higher ISI baseline score 222 

(21.4±3.90 vs 18.0±3.49 respectively, t[59]=-3.50, p=0.001) and be defined as having severe insomnia (n=14 223 

vs n=4), have a higher baseline PSQI score (13.8±3.10 vs 11.8±3.48, t[59]=-2.38, p=0.021) and see the greatest 224 

improvements, over the intervention, in global PSQI score (-4.61±3.29 vs -2.07±2.78, t[59]=3.26, p=0.002), 225 

sleep quality (PSQI Component 1; -1.06±0.57 vs -0.50±0.63, t[58]=3.66, p=0.001), latency (PSQI Component 226 

2; -0.81±0.87 vs -0.23±0.73, t[58]=2.79, p=0.007) and duration (PSQI Component 3; -0.81±0.70 vs -0.37±0.89, 227 
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t[59]=2.15, p=0.036), energy/fatigue (SF-36 Component 4; 17.3±13.9 vs 9.33±10.4, t[59]=-2.52, p=0.015) and 228 

emotional well-being (SF-36 Component 5; 16.90±14.2 vs 5.60±12.2, t[59]=-3.33, p=0.002).  229 

There was no significant between group difference in the number who achieved a clinically significant 230 

decrease; p=0.164.   231 

There were also improvements in the ISI categories for both intervention groups (Figure 5) with an increase 232 

in the number of participants in the “none” (+n9 and +n4) and “sub-threshold” (+n9 and +n27) insomnia 233 

categories, and a decrease in the “moderate” (-n12 and –n16) and “severe” (-n6 and –n15) insomnia 234 

categories (sham and treatment group respectively).  235 

Change in ISI score (Wk0 to Wk4) was not significantly associated with age (ITT sham R=0.185, p=0.114; 236 

treatment R=-0.28, p=0.815; PP sham R=0.195, p=0.119; treatment R=0.062, p=0.635), sex (ITT sham male -237 

3.42±5.15, female -2.96±4.64, p=0.703; treatment male -4.92±4.30, female -4.81±4.12, p=0.917; PP sham 238 

male -3.90±5.34, female -3.34±4.77, p=0.669; treatment male -5.86±4.05, female -5.78±3.85, p=0.938) or 239 

usage (PP sham R=0.124, p=0.327; treatment R=0.054, p=0.678). ISI response did not differ significantly 240 

between sites (ITT sham t[61]=0.475, p=0.637, treatment t[41]=-0.13 p=0.990; PP sham t[51]=0.433, p=0.667, 241 

treatment t[32]=-0.055, p=0.957). 242 

[Insert Figure 4 here – colour online, colour print] 243 

[Insert Figure 5 here – colour online, black and white print] 244 

 245 

PSQI 246 

Cronbach’s alpha was 0.515 and 0.663 (PP) (ITT 0.541 and 0.690) at Wk0 and Wk4 respectively. The number 247 

of poor sleepers decreased, and the number of good sleepers increased, from WK0 to Wk4 for both 248 

intervention groups (Table 5). 249 

[Insert Table 5 here] 250 
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  251 

The change in global score from Wk0 to Wk4 was -1.82 (14.6%) and -2.81 (21.7%) (ITT), or -2.08 (16.9%) and 252 

-3.36 (26.1%) (PP) (sham and treatment respectively). Change in PSQI global score did not differ significantly 253 

between groups in the ITT (p=0.118) or PP cohort (p=0.068).  254 

An improvement in sleep efficiency was reported in the treatment group (ITT p=0.040, PP p=0.027), but after 255 

Bonferroni corrections were applied no significant between-group differences in change in PSQI component 256 

scores from Wk0 to Wk4 remained (all p>0.007) (Figure 6, Table 6).  257 

Within-group analysis showed improvements in all PSQI components for the treatment group (p<0.003), 258 

except medication, and improvements in sleep quality, latency, duration and disturbance (p<0.002) in the 259 

sham group (Table 6). 260 

[Insert Figure 6 here – colour online, colour print] 261 

[Insert Table 6 here] 262 

 263 

Health related Quality of Life 264 

Cronbach’s alpha was 0.861 and 0.854 (PP) (ITT 0.859 and 0.859) at Wk0 and Wk4 respectively.  265 

Improvements were observed for several items in the QoL (SF-36); after Bonferroni corrections were 266 

applied, the change in energy/fatigue remained significantly different between groups (ITT p=0.006; PP 267 

p=0.004) (Table 7, Figure 7).   268 

Within-group analysis showed improvements in limitation due to physical health, energy/fatigue, emotional 269 

well-being and social functioning (p<0.001) in the treatment group, and improvements in physical 270 

functioning, energy/fatigue, social functioning, pain and general health (p<0.005) in the sham group (Table 271 

7). 272 

[Insert Table 7 here] 273 
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[Insert Figure 7 here – colour online, colour print] 274 

Blinding assessment 275 

Almost two-thirds of participants (56.9% vs 60.7%; sham and treatment group respectively) correctly guessed 276 

their intervention group. Researchers (UK) were only able to correctly determine allocation for participants 277 

in the treatment group (21.7% vs 57.4%; sham and treatment group respectively). 278 

 279 

  280 
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DISCUSSION 281 

After the 4-week intervention, VeNS using the Modius Sleep device significantly improved insomnia severity 282 

compared to a sham device, with the most benefit seen in those with severe insomnia. Participants in the 283 

treatment group showed a decrease in ISI scores of 24.5% (4.85) and 29.4% (5.80) in the ITT and PP cohorts 284 

respectively, compared to 17.1% (3.14) and 19.2% (3.52) in the sham group. The 5.80 decrease in the PP 285 

cohort approaches the 6-point reduction that indicates clinically meaningful improvement [49]. Additionally, 286 

improvements in energy/fatigue were observed in the treatment group compared to the sham group, with 287 

increases in score of 37.2% (11.2) and 15.4% (5.81) respectively (ITT cohort). Though they failed to reach 288 

significance after Bonferroni corrections, there were slight improvements in sleep efficiency (PSQI) and 289 

emotional well-being (SF-36) in the treatment group compared to the sham group. Improvements seen in 290 

the sham group may have been due to the routine of sitting for 30 minutes before sleep. This adds to pilot 291 

work where Modius Sleep reduced ISI scores by 48.1% (7.55) over a 14-day period, and a randomised sham-292 

controlled trial where ISI score in the Modius Sleep group was reduced by 42.1% (7.23) over 28 days with 293 

significant between-group difference (p<0.001). Additionally, that same RCT observed a significant between-294 

group difference for improvement in all aspects of QoL (p<0.001), not seen in the current trial [44, 55].  295 

While research is limited, studies have shown that impaired vestibular function is associated with sleep 296 

problems [57-59], suggesting an association between sleep and the vestibular system. Vestibular 297 

stimulation is well-known to promote sleep in infants via rocking, and this effect can also be seen in adults 298 

[37, 38], as well as decreasing sleep latency in mice [39]. VeNS has been shown to decrease sleep latency in 299 

humans with one study showing a mean sleep latency reduction of 18.3 minutes after 30 days of 1-hour 300 

daily VeNS sessions [42, 43, 60]. In contrast, some studies which subjected participants to rotational 301 

movements in addition to the usual translational movements, did not show significant improvement in 302 

sleep [61, 62] perhaps due to the recruitment of ‘good sleepers’ [62] or, alternatively, to the inclusion of 303 

rotational movements [61], which may impair the beneficial effects of vestibular stimulation. Rotation is 304 

detected by the semi-circular canals [45], whereas the Modius Sleep delivers stimulation at low levels 305 
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(<3mA) intended to activate specifically the otolith organs of the vestibular apparatus, which sense gravity 306 

and linear acceleration. 307 

The mechanism through which the vestibular system impacts sleep is unclear and may be multimodal. One 308 

hypothesis is that the vestibular system influences the suprachiasmatic nucleus, therefore affecting 309 

circadian rhythm, by providing information on activity and motion during the day [31-33]. Another potential 310 

mechanism is via the orexinergic neurons in the hypothalamus which affect sleep regulation by maintaining 311 

wakefulness and have been shown to project to the vestibular nuclei in rats [34-36]. It has been suggested 312 

that this pathway may be influenced by the vestibular system providing information about daily movement, 313 

possibly via the accumulation of adenosine [34]. One well-documented link is that stimulation of the 314 

vestibular system activates the hippocampus [63-65] which in turn influences rapid eye movement (REM) 315 

sleep [66-68], and stimulation of the vestibular system can influence REM sleep directly [69-71]. Some 316 

studies suggest a link between vestibular stimulation and an increase in the vividness of dreams, again 317 

indicating an effect on REM sleep [71-73]. This suggests that sleep quality, not only quantity, may be 318 

affected by vestibular stimulation. Although the data in this study are subjective, PSQI global score showed 319 

no significant between-group difference in sleep quality improvement over the intervention period. 320 

The population recruited for this study was those for whom the device is intended, i.e., those with 321 

moderate or severe insomnia (ISI score ≥15), who had experienced symptoms for an extended period.  The 322 

device does not have a sedative effect comparable to that of sleeping pills so it may not overcome external 323 

insomnia causes e.g. noise, light. Pharmaceutical treatments still have their place in short-term insomnia 324 

treatment, but for chronic insomnia, pharmaceuticals may not be an appropriate solution. The side effects 325 

of pharmaceutical sleep treatments are well-documented e.g. hypersomnia, reduced cognition, and 326 

addiction [21, 23, 25-27]. The Modius Sleep device was well-accepted by participants and has fewer 327 

reported side effects than pharmaceutical treatments. There were few AEs, the majority being mild or 328 

moderate, and infrequent. In the treatment group, completion to end of intervention was 80.8%, with 329 

62.3% of these participants completing a mean of ≥5 sessions/week. Only one participant withdrew due to 330 
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a device-related AE. This device provides a lower-risk alternative for patients who cannot, or would prefer 331 

not to, rely on pharmaceuticals. 332 

Due to factors including reduced productivity, inability to work and increased mortality, the estimated 333 

economic loss in the U.S. due to insomnia is $280-411 billion annually [74]. CBT-I is demonstrably a cost-334 

effective treatment over the long-term [75] and is recommended ahead of pharmaceuticals due to its 335 

minimal side effects [1, 20, 22-24, 28, 29], however CBT-I requires time, money, and multiple sessions with 336 

trained professionals [28]. The NHS states that CBT-I usually lasts for 6 to 20 sessions [76] with most studies 337 

assessing effectivity providing 6-8 sessions [29]. Participants on this study successfully used the device after 338 

one training session, though they were given a contact number in case of technical issues. Device use could 339 

reduce healthcare and economic costs and increase accessibility.  340 

Study strengths and limitations 341 

There were small between-site protocol differences (Supplementary Table 1) but analyses suggest that this 342 

did not impact the study conclusions. 343 

Participants successfully operated the device whether they received training face-to-face (HK) or by video 344 

call (UK), meaning that training can be provided off-site. An issue with CBT-I is that patients cannot always 345 

access a trained CBT-I professional [28]; the provision of online training for the Modius Sleep device 346 

removes this barrier.  347 

The present study outcome measures are based on participant perceptions i.e., no laboratory-based sleep 348 

monitoring occurred. This, however, allowed participants to maintain their usual sleep environment, 349 

providing findings applicable to a real-life scenario where patients will use the device at home. 350 

The current eligibility criteria excluded participants with health concerns including inner ear disease, 351 

epilepsy, and migraines with aura. This may limit the generalisability of the results, as the device may be 352 

unsuitable for people with certain conditions. Additionally, the results are subject to the study conditions; 353 

without compliance monitoring, device usage may be lower, and effectiveness might be reduced. 354 

Further research 355 

Jo
urn

al 
Pre-

pro
of



19 
 

The FDA have approved this device for medical treatment of chronic insomnia in the U.S. as an outcome of 356 

this study (K230826). Further research should focus on device effectivity with different types of insomnia 357 

(onset, middle or late insomnia). The trend in ISI score remaining lower than baseline up to 8 weeks post-358 

intervention suggests that the device may have an extended effect. Further investigation could be made 359 

into the optimal usage requirements i.e., how long the effects last without usage, and the minimum regular 360 

usage required to give the desired result.  361 

CONCLUSIONS 362 

The Modius Sleep device improved insomnia severity and energy levels compared to a sham device, 363 

indicating an improvement in QoL for those who use Modius Sleep regularly for a 4-week period. This 364 

device could provide a low-risk, non-invasive alternative treatment for chronic insomnia sufferers. It can be 365 

administered at home, providing an option to those without access to CBT-I, or for whom pharmaceutical 366 

treatments are not suitable. The stimulation is well-tolerated, and intensity is adjustable by the user to 367 

allow optimal stimulation for the individual. It therefore provides a viable cost-effective alternative 368 

treatment for insomnia.  369 
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FIGURE CAPTIONS 370 

Figure 1. Participant timeline. Heavier line indicates period where intervention is applied. UK – Ulster 371 

University site with participants resident in UK and Ireland; HK – Hong Kong site with participants resident 372 

in Hong Kong; appt – appointment; ISI – Insomnia Severity Index; PSQI – Pittsburgh Sleep Quality Index; SF-373 

36 – RAND 36-Item Short Form Survey, Quality of Life. 374 

Figure 2. The Modius Sleep device as intended to be worn, with electrode pads over the mastoid processes. 375 

Modius Sleep and sham devices had this identical appearance. 376 

Figure 3. CONSORT flow diagram showing participant numbers at each stage of the study and details of 377 

withdrawals. UK – Ulster University site consisting of participants resident in the UK and Ireland; HK – Hong 378 

Kong site consisting of participants resident in Hong Kong; AE – adverse event; PP – per protocol cohort; ITT 379 

– intention to treat analysis using last observation carried forward cohort. 380 

Figure 4. Change in mean Insomnia Severity Index (ISI) score from Week 0 by intervention group. Intention 381 

to treat not applied: Week 0 n=147, Week 2 n=46 (UK), Week 4 n=126, Week 8 n=80 (HK), Week 16 n=79 382 

(HK).  Error bars show 95% confidence intervals. *General linear hypotheses testing showed significant 383 

between-group difference in change from Week 0 to Week 4 in age-adjusted model; p=0.002. 384 

Figure 5. Distribution of Insomnia Severity Index (ISI) scores in categories for sham and treatment group at 385 

Week 0 and Week 4 for the intention to treat analysis using last observation carried forward (ITT) cohort.  386 

Figure 6. Mean PSQI component score decrease for the treatment and sham groups at Week 0 and Week 4 387 

for the intention to treat analysis using last observation carried forward (ITT) cohort. Increased distance 388 

from centre of chart indicates a larger decrease and therefore more improvement in that component. 389 

Mann-Whitney U Tests; all p-values >0.007. 390 

Figure 7. Mean SF-36 (RAND 36-Item Short Form Survey, Quality of Life) component score change for the 391 

treatment and sham groups at Week 0 and Week 4 for the intention to treat analysis using last observation 392 

carried forward (ITT) cohort. Increased distance from centre of chart indicates a larger change and therefore 393 
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more improvement in that component. *Significant between-group difference in Energy/Fatigue; Mann-394 

Whitney U test; ITT cohort p=0.006, PP cohort p=0.004. 395 

396 

Jo
urn

al 
Pre-

pro
of



22 
 

REFERENCES  397 

[1] NHS, (2021). ‘Insomnia’, [online]. Available from: https://www.nhs.uk/conditions/insomnia/ (Accessed 398 

06 November 2023). 399 

[2] Wong, W. S., & Fielding, R. (2011). Prevalence of insomnia among Chinese adults in Hong Kong: a 400 

population-based study. Journal of sleep research, 20(1 Pt 1), 117–126. https://doi.org/10.1111/j.1365-401 

2869.2010.00822.x  402 

[3] American Psychiatric Association, (2022). Diagnostic and Statistical Manual of Mental Disorders. (5th ed. 403 

Text Revision). Arlington, VA.  404 

[4] Roth T. (2005). Prevalence, associated risks, and treatment patterns of insomnia. The Journal of clinical 405 

psychiatry, 66 Suppl 9, 10–43.  406 

[5] Lucena, L., Polesel, D. N., Poyares, D., Bittencourt, L., Andersen, M. L., Tufik, S., & Hachul, H. (2020). The 407 

association of insomnia and quality of life: Sao Paulo epidemiologic sleep study (EPISONO). Sleep 408 

health, 6(5), 629–635. https://doi.org/10.1016/j.sleh.2020.03.002 409 

[6] Zammit, G. K., Weiner, J., Damato, N., Sillup, G. P., & McMillan, C. A. (1999). Quality of life in people with 410 

insomnia. Sleep, 22 Suppl 2, S379–S385. 411 

[7] Léger, D., Guilleminault, C., Bader, G., Lévy, E., & Paillard, M. (2002). Medical and socio-professional 412 

impact of insomnia. Sleep, 25(6), 625–629. 413 

[8] Connor, J., Norton, R., Ameratunga, S., Robinson, E., Civil, I., Dunn, R., Bailey, J., & Jackson, R. (2002). 414 

Driver sleepiness and risk of serious injury to car occupants: population based case control study. BMJ 415 

(Clinical research ed.), 324(7346), 1125. https://doi.org/10.1136/bmj.324.7346.1125 416 

[9] Kucharczyk, E. R., Morgan, K., & Hall, A. P. (2012). The occupational impact of sleep quality and insomnia 417 

symptoms. Sleep medicine reviews, 16(6), 547–559. https://doi.org/10.1016/j.smrv.2012.01.005 418 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1111/j.1365-2869.2010.00822.x
https://doi.org/10.1111/j.1365-2869.2010.00822.x
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.sleh.2020.03.002___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MzZlMDoyZWQ2MWUxMWQwY2JhYTM3YTlkZDdiMmM4OGQwMTg5NjdjN2ZlYzU5NTI0OTBmZjg0NDcxMjYzMmM3YmFhOTYwOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1136/bmj.324.7346.1125___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZDFiNDozMDJhZmQzMzI3ZmIyNGM2YWFmODBjNzNjNjYyYzBhOGI3NmQwNjZhMzRlYzRlZThhNzU4ZTQ2MzE2MWVmZDQ4OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.smrv.2012.01.005___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6M2I4YTpjNWYzNDNlNmMzMTc3M2JjY2JiZDg2MTcxNmFhYjM4Y2QyOTkxYWJmNTQ3ZmViYzliNzY5MmFjN2Y0OTMyNzRmOnA6VA


23 
 

[10] Breslau, N., Roth, T., Rosenthal, L., & Andreski, P. (1996). Sleep disturbance and psychiatric disorders: a 419 

longitudinal epidemiological study of young adults. Biological psychiatry, 39(6), 411–418. 420 

https://doi.org/10.1016/0006-3223(95)00188-3 421 

[11] Chang, P. P., Ford, D. E., Mead, L. A., Cooper-Patrick, L., & Klag, M. J. (1997). Insomnia in young men and 422 

subsequent depression. The Johns Hopkins Precursors Study. American journal of epidemiology, 146(2), 423 

105–114. https://doi.org/10.1093/oxfordjournals.aje.a009241 424 

[12] Taylor, D. J., Lichstein, K. L., Durrence, H. H., Reidel, B. W., & Bush, A. J. (2005). Epidemiology of 425 

insomnia, depression, and anxiety. Sleep, 28(11), 1457–1464. https://doi.org/10.1093/sleep/28.11.1457 426 

[13] Li, L., Wu, C., Gan, Y., Qu, X., & Lu, Z. (2016). Insomnia and the risk of depression: a meta-analysis of 427 

prospective cohort studies. BMC psychiatry, 16(1), 375. https://doi.org/10.1186/s12888-016-1075-3 428 

[14] Vgontzas, A. N., Liao, D., Bixler, E. O., Chrousos, G. P., & Vela-Bueno, A. (2009). Insomnia with objective 429 

short sleep duration is associated with a high risk for hypertension. Sleep, 32(4), 491–497. 430 

https://doi.org/10.1093/sleep/32.4.491 431 

[15] Cappuccio, F. P., Cooper, D., D'Elia, L., Strazzullo, P., & Miller, M. A. (2011). Sleep duration predicts 432 

cardiovascular outcomes: a systematic review and meta-analysis of prospective studies. European heart 433 

journal, 32(12), 1484–1492. https://doi.org/10.1093/eurheartj/ehr007 434 

[16] Javaheri, S., & Redline, S. (2017). Insomnia and Risk of Cardiovascular Disease. Chest, 152(2), 435–444. 435 

https://doi.org/10.1016/j.chest.2017.01.026 436 

[17] Laugsand, L. E., Strand, L. B., Platou, C., Vatten, L. J., & Janszky, I. (2014). Insomnia and the risk of 437 

incident heart failure: a population study. European heart journal, 35(21), 1382–1393. 438 

https://doi.org/10.1093/eurheartj/eht019 439 

[18] Besedovsky, L., Lange, T., & Born, J. (2012). Sleep and immune function. Pflugers Archiv : European 440 

journal of physiology, 463(1), 121–137. https://doi.org/10.1007/s00424-011-1044-0 441 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/0006-3223(95)00188-3___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NzMwYzo4ODgxNTgwODAxY2M3NjFmYTk5YzgxNWQ3ZmE2OWU5N2NiNTNlNWI0ZWEyM2IzMmFhYWU3NjMyMDIwYTQ5MzdhOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/oxfordjournals.aje.a009241___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZGM0YTowMGI1ZjNlZGRhNDAwOWE4MmExZmM3ZDdhODM2ZjhiZTliNWFiNDE3NzRmMTMzYjE3ZmE5NDE5MDU3YzI5YjM5OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/sleep/28.11.1457___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZjRjNTpiNGJkNWRlYjY0YzE3ZmJiMWYzZjI1YmU2ODA2NWYyNTdmNjlhYTJiOThkYzMwNWVhMzljZjcwMDUyNzUzYTU4OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1186/s12888-016-1075-3___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NTcwMjpjYWFhMDM0MDlkYzg0ZTdiODFkODk3OTE4OGYwNGYwY2MwYWE1ODE0MGY1YjY5OGM4Yzg5MWFkOGVlMGFmOWUxOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/sleep/32.4.491___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MTNjYjowM2JhNWFlMjZlOTYyZTMzOTA3YmIxNmZjNGE0Njk1ZGE4N2YwY2Y3NGEyZWUzNmJmYzQ3YTMyNzFiZjZlOWVkOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/eurheartj/ehr007___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6OTA0ZTo4OWQ4ZjM4NjU1MjUzMGUzZDVhMmFlNjhkNjJkZjRmMWExZGMzNGJkZjdhYmQ3YjVkOThhMDA3OGZlYTJhMTFkOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.chest.2017.01.026___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZDc2MTpmODM4YTYyYmRjNjY0ZDU0MTBjZDhmNzEyZWZjN2U4OThhNzFlNWZmOTUxNmQwZTM5YjYyZjc0NTVmMmE2YWI2OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/eurheartj/eht019___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NjliYTpiZDdmOThlOGZjNTdkNzI1OTg4ZDNkNjQzMWM4YzA5ZjM3N2Q3OWRlNzBmNmMzOTdhY2FlY2JjY2UwZWY2YTZjOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1007/s00424-011-1044-0___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZDNjNDo5NjRjMTEwODQ5YTZmZDAyY2Y5ZjY5YzM5MDE0MjQyM2VmNmFkMzcwMTdmNTVkYzMwMGZjMGUyNzc0Y2UzMjQxOnA6VA


24 
 

[19] Nieters, A., Blagitko-Dorfs, N., Peter, H. H., & Weber, S. (2019). Psychophysiological insomnia and 442 

respiratory tract infections: results of an infection-diary-based cohort study. Sleep, 42(8), zsz098. 443 

https://doi.org/10.1093/sleep/zsz098 444 

[20] Gustavsen, I., Bramness, J. G., Skurtveit, S., Engeland, A., Neutel, I., & Mørland, J. (2008). Road traffic 445 

accident risk related to prescriptions of the hypnotics zopiclone, zolpidem, flunitrazepam and 446 

nitrazepam. Sleep medicine, 9(8), 818–822. https://doi.org/10.1016/j.sleep.2007.11.011 447 

[21] Lader M. (2011). Benzodiazepines revisited--will we ever learn?. Addiction (Abingdon, 448 

England), 106(12), 2086–2109. https://doi.org/10.1111/j.1360-0443.2011.03563.x 449 

[22] Lie, J. D., Tu, K. N., Shen, D. D., & Wong, B. M. (2015). Pharmacological Treatment of Insomnia. P & T : a 450 

peer-reviewed journal for formulary management, 40(11), 759–771. 451 

[23] Krystal, A. D., Prather, A. A., & Ashbrook, L. H. (2019). The assessment and management of insomnia: 452 

an update. World psychiatry : official journal of the World Psychiatric Association (WPA), 18(3), 337–352. 453 

https://doi.org/10.1002/wps.20674 454 

[24] Glass, J., Lanctôt, K. L., Herrmann, N., Sproule, B. A., & Busto, U. E. (2005). Sedative hypnotics in older 455 

people with insomnia: meta-analysis of risks and benefits. BMJ (Clinical research ed.), 331(7526), 1169. 456 

https://doi.org/10.1136/bmj.38623.768588.47 457 

[25] Riemann, D., Baglioni, C., Bassetti, C., Bjorvatn, B., Dolenc Groselj, L., Ellis, J.G., Espie, C.A., Garcia-458 

Borreguero, D., Gjerstad, M., Gonçalves, M., Hertenstein, E., Jansson-Fröjmark, M., Jennum, P.J., Leger, D., 459 

Nissen, C., Parrino, L., Paunio, T., Pevernagie, D., Verbraecken, J., Weeß, H.-G., Wichniak, A., Zavalko, I., 460 

Arnardottir, E.S., Deleanu, O.-C., Strazisar, B., Zoetmulder, M. and Spiegelhalder, K. (2017), European 461 

guideline for the diagnosis and treatment of insomnia. J Sleep Res, 26: 675-462 

700. https://doi.org/10.1111/jsr.12594 463 

[26] Qaseem, A., Kansagara, D., Forciea, M. A., Cooke, M., Denberg, T. D., & Clinical Guidelines Committee of 464 

the American College of Physicians (2016). Management of Chronic Insomnia Disorder in Adults: A Clinical 465 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/sleep/zsz098___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6OTM1MTphZmUyNzY4ODBkMTQ3YzM4MjhjZjBiZjhiMTZjYzhhMGM2YmY1MjZhZDk2OWY4YzQyZDU1ODYxNTk4ZjYwNjI1OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.sleep.2007.11.011___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTQ0Yzo3NDVkZTYxMzNmZDk3ODdlY2FmMjdjNzEwZDkwMjBiNWE1NWJkYjQzYjljOTQwMDYzZmVhOTlmZmQwYmZkZTc5OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1111/j.1360-0443.2011.03563.x___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NDg4NjpjYWU2NzJmYzRkOWEyNmZmNDRhZmExZDA1ZTdjOWY1ZDcwMDUyYjViMGZlODE3N2UyZmUwMzliODJhNTQzOTZhOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1002/wps.20674___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ODhkZTo3ZjhiMDQyNGIxZGIzNGZhNjU1YzY1YjE5NWU3MzQwZjQ1MWIxNTE5ZjA3NzA1MGRmM2UxZGYwOTNiNzVmYzllOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1136/bmj.38623.768588.47___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NWM1NDpjMDBlMGY2MWUwNDQwYzY2YTkxZDZkMzZkZTc5OWQyMWEzNzhmMTBhNzZhMjQ2ODc3MWJmYzMxM2RlYjVlYTM2OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1111/jsr.12594___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6Y2FlZTo3ZDM5MmQ4NDdmMTBiYjg0OGJlM2E2YTFhNDNmNmI1NmRjMTNkOGUzY2NmY2EzODViNWE0OWZlMDYxMDUwYzBkOnA6VA


25 
 

Practice Guideline From the American College of Physicians. Annals of internal medicine, 165(2), 125–133. 466 

https://doi.org/10.7326/M15-2175 467 

[27] Schutte-Rodin, S., Broch, L., Buysse, D., Dorsey, C., & Sateia, M. (2008). Clinical guideline for the 468 

evaluation and management of chronic insomnia in adults. Journal of clinical sleep medicine : JCSM : official 469 

publication of the American Academy of Sleep Medicine, 4(5), 487–504. 470 

[28] Morin, C. M., Inoue, Y., Kushida, C., Poyares, D., Winkelman, J., Guidelines Committee Members, & 471 

Governing Council of the World Sleep Society (2021). Endorsement of European guideline for the diagnosis 472 

and treatment of insomnia by the World Sleep Society. Sleep medicine, 81, 124–126. 473 

https://doi.org/10.1016/j.sleep.2021.01.023 474 

[29] Mitchell, M. D., Gehrman, P., Perlis, M., & Umscheid, C. A. (2012). Comparative effectiveness of 475 

cognitive behavioral therapy for insomnia: a systematic review. BMC family practice, 13, 40. 476 

https://doi.org/10.1186/1471-2296-13-40 477 

[30] Liu, Y., Zhang, J., Lam, S. P., Yu, M. W., Li, S. X., Zhou, J., Chan, J. W., Chan, N. Y., Li, A. M., & Wing, Y. K. 478 

(2016). Help-seeking behaviors for insomnia in Hong Kong Chinese: a community-based study. Sleep 479 

medicine, 21, 106–113. https://doi.org/10.1016/j.sleep.2016.01.006 480 

[31] Martin, T., Mauvieux, B., Bulla, J., Quarck, G., Davenne, D., Denise, P., Philoxène, B., & Besnard, S. 481 

(2015). Vestibular loss disrupts daily rhythm in rats. Journal of applied physiology (Bethesda, Md. : 482 

1985), 118(3), 310–318. https://doi.org/10.1152/japplphysiol.00811.2014 483 

[32] Martin, T., Moussay, S., Bulla, I., Bulla, J., Toupet, M., Etard, O., Denise, P., Davenne, D., Coquerel, A., & 484 

Quarck, G. (2016). Exploration of Circadian Rhythms in Patients with Bilateral Vestibular Loss. PloS 485 

one, 11(6), e0155067. https://doi.org/10.1371/journal.pone.0155067 486 

[33] Fuller, P. M., & Fuller, C. A. (2006). Genetic evidence for a neurovestibular influence on the mammalian 487 

circadian pacemaker. Journal of biological rhythms, 21(3), 177–184. 488 

https://doi.org/10.1177/0748730406288148 489 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.7326/M15-2175___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTFjMDoxOGMwMTkwMmNiOTY3OGQ1ZWZlMTA0ZDAzYTU2Y2Y1YmM4ZGFjOTE3NDhiYjFhMWFiNWQ2NTJhYmM2MWJjYWVhOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.sleep.2021.01.023___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZGFkMToxMWFiNTkzZjdhYzEyNDkxZTBmYzUxNzY0OGE2ZTE3ODY1ZDVjNGE1ZTc4MWYyYTNjZmMwMWVkNjE5NGVhN2EwOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1186/1471-2296-13-40___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NmYyNDo2N2YwNGM2YzJlZTUwZmIzNGZmMWYxNWQ3MWE0NDYzNGQ3MGJiMzlhOTMzYmNlNjg4NWNiZTc5OTBlMzAyZWRjOnA6VA
https://doi.org/10.1016/j.sleep.2016.01.006
https://protect.checkpoint.com/v2/___https:/doi.org/10.1152/japplphysiol.00811.2014___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6M2QyMTozYjBmMmI5YWRhNGMwYTUxMTliOThjYzdiOTA2Yjk4NGEwNDAyZGVmNzhmZjVmNDQyNjRlNWQ5YjQ0NDk0YWZjOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1371/journal.pone.0155067___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MGI5YTphMGY0NDVlZmRjMWU3MzQzODNjZGZjMmFhMTVkYWI0NWU1NWYyNzA1ZWEyODllY2FlNTM5MWU2NjA2Y2QwYWFiOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1177/0748730406288148___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZjBjMDplODNmYWM5NjUxMGIxNDk1ZTc4MGYxNzJhZWFiMDU2M2Y3Y2I3NDkyM2EyYWJmMzdkODA0YzU0OGZiMDkyOWUxOnA6VA


26 
 

[34] Besnard, S., Tighilet, B., Chabbert, C., Hitier, M., Toulouse, J., Le Gall, A., Machado, M. L., & Smith, P. F. 490 

(2018). The balance of sleep: Role of the vestibular sensory system. Sleep medicine reviews, 42, 220–228. 491 

https://doi.org/10.1016/j.smrv.2018.09.001  492 

[35] Ciriello, J., & Caverson, M. M. (2014). Hypothalamic orexin-A (hypocretin-1) neuronal projections to the 493 

vestibular complex and cerebellum in the rat. Brain research, 1579, 20–34. 494 

https://doi.org/10.1016/j.brainres.2014.07.008 495 

[36] Yu, L., Zhang, X. Y., Chen, Z. P., Zhuang, Q. X., Zhu, J. N., & Wang, J. J. (2015). Orexin excites rat inferior 496 

vestibular nuclear neurons via co-activation of OX1 and OX 2 receptors. Journal of neural transmission 497 

(Vienna, Austria : 1996), 122(6), 747–755. https://doi.org/10.1007/s00702-014-1330-z 498 

[37] Bayer, L., Constantinescu, I., Perrig, S., Vienne, J., Vidal, P. P., Mühlethaler, M., & Schwartz, S. (2011). 499 

Rocking synchronizes brain waves during a short nap. Current biology : CB, 21(12), R461–R462. 500 

https://doi.org/10.1016/j.cub.2011.05.012 501 

[38] van Sluijs, R. M., Rondei, Q. J., Schluep, D., Jäger, L., Riener, R., Achermann, P., & Wilhelm, E. (2020). 502 

Effect of Rocking Movements on Afternoon Sleep. Frontiers in neuroscience, 13, 1446. 503 

https://doi.org/10.3389/fnins.2019.01446 504 

[39] Kompotis, K., Hubbard, J., Emmenegger, Y., Perrault, A., Mühlethaler, M., Schwartz, S., Bayer, L., & 505 

Franken, P. (2019). Rocking Promotes Sleep in Mice through Rhythmic Stimulation of the Vestibular 506 

System. Current biology : CB, 29(3), 392–401.e4. https://doi.org/10.1016/j.cub.2018.12.007 507 

[405] Fujimoto, C., Yamamoto, Y., Kamogashira, T., Kinoshita, M., Egami, N., Uemura, Y., Togo, F., Yamasoba, 508 

T., & Iwasaki, S. (2016). Noisy galvanic vestibular stimulation induces a sustained improvement in body 509 

balance in elderly adults. Scientific reports, 6, 37575. https://doi.org/10.1038/srep37575 510 

[41] Fitzpatrick, R. C., & Day, B. L. (2004). Probing the human vestibular system with galvanic 511 

stimulation. Journal of applied physiology (Bethesda, Md. : 1985), 96(6), 2301–2316. 512 

https://doi.org/10.1152/japplphysiol.00008.2004 513 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.smrv.2018.09.001___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MTJlZTo0ZDg4Y2RkNTNhYmQxMDc2ZGY1M2Q0NDhjNDU5NTQzOTczNzg4YWY5YzcwNGEwMDYyZGRkMDNmMTIwZDBlZDQ4OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.brainres.2014.07.008___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NTE1NzpjMTNjOWI0NTA0ZmFiYTdmZDY1Zjk5ODljZjUyZmUyOTZmNDM5NGMwOGViNWRjY2YyMWI2NWE3MzI2ZTIyOTRkOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1007/s00702-014-1330-z___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MTQ0YzozNzY4YTEzNjQxZmJmMWYzOGU2ODcyYzRjNzA5OTA2NWQ0MDM1Yjk4NjAyMDY4NGNiMmJhM2U2MDczZTk3MjhmOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.cub.2011.05.012___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6Y2NhZjo5ZjhmNTZhZDlhODdiZDcwMjJiNWQ2OTZlNDQwOTJmNjczN2Y0ZDFkYWE0NWZhMjAwZjI0OGRmNGY2NmZiMjUyOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.3389/fnins.2019.01446___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTlkNTpiNDBjZjNkZWFkNGQ1MDU5ODE0MmJmNjQ2MWJhMzk3NmE0MzY4Zjk4MjBhOTFkN2E4MzJhNjA0OTA4ZDhmZjYxOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.cub.2018.12.007___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZmQ4OTpjNTBlZmM3NWU5OGIyMDlmNWVmMDkwMWU3MWM0Y2JiYjJkMzFiM2ZiYjE3ZGU0OTg2ZjVjZTJiNjZlNGViOWZmOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1038/srep37575___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTBkZDo0MDRiNmYwZjNjMTRkZTAzYTE0NjA0Y2I1NzdmMGFmNDdmZmE5MGNkYWIxYTk4NzdlNjk4ZDVkNTIzOTkxM2VhOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1152/japplphysiol.00008.2004___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6Nzk4NDphNTU0MDdjYjViOTcwZTM4ODczZTQ4MmU5MDJhMDlhZjllMDhiYzQ3ZDNjYWQ4MzZjZDE4ZmIxZTdjYWUyMTM2OnA6VA


27 
 

[42] Krystal, A. D., Zammit, G. K., Wyatt, J. K., Quan, S. F., Edinger, J. D., White, D. P., Chiacchierini, R. P., & 514 

Malhotra, A. (2010). The effect of vestibular stimulation in a four-hour sleep phase advance model of 515 

transient insomnia. Journal of clinical sleep medicine : JCSM : official publication of the American Academy 516 

of Sleep Medicine, 6(4), 315–321. 517 

[43] Marshall, M. J., Jasko, J. G., Zhang, H. (2010). Therapeutic effectiveness and patient acceptance of a 518 

vestibular nerve activation intervention in chronic insomnia. Medicamundi, 54, 89-93. 519 

[44] Goothy, S. S. K., Vijayaraghavan, R., & Chakraborty, H. (2023). A randomized controlled trial to evaluate 520 

the efficacy of electrical vestibular nerve stimulation (VeNS), compared to a sham control for the 521 

management of sleep in young adults. Journal of basic and clinical physiology and pharmacology, 34(3), 522 

391–399. https://doi.org/10.1515/jbcpp-2023-0036 523 

[45] Zink, R., Bucher, S. F., Weiss, A., Brandt, T., & Dieterich, M. (1998). Effects of galvanic vestibular 524 

stimulation on otolithic and semicircular canal eye movements and perceived 525 

vertical. Electroencephalography and clinical neurophysiology, 107(3), 200–205. 526 

https://doi.org/10.1016/s0013-4694(98)00056-x 527 

[46] Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an outcome measure 528 

for insomnia research. Sleep Med. 2001 Jul;2(4):297-307. doi: 10.1016/s1389-9457(00)00065-4. PMID: 529 

11438246. 530 

[47] Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new 531 

instrument for psychiatric practice and research. Psychiatry Res. 1989 May;28(2):193-213. doi: 532 

10.1016/0165-1781(89)90047-4. PMID: 2748771. 533 

[48] Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual 534 

framework and item selection. Med Care. 1992 Jun;30(6):473-83. PMID: 1593914. 535 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1515/jbcpp-2023-0036___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MDNhNTo1OWRiMzdlNDIzY2M0Yzk4MTQ4YmFjNDVhYWVkNTc1ZGYxMDllMDg3ZjhkNGRhYzdmZDY4MzAzMDBkZjQ0YTM2OnA6VA
https://doi.org/10.1016/s0013-4694(98)00056-x


28 
 

[49] Grewal T, James C, Macefield VG. Frequency-dependent modulation of muscle sympathetic nerve 536 

activity by sinusoidal galvanic vestibular stimulation in human subjects. Exp Brain Res. 2009 Aug;197(4):379-537 

86. doi: 10.1007/s00221-009-1926-y. Epub 2009 Jul 7. PMID: 19582437. 538 

[50] Macefield VG, James C. Superentrainment of muscle sympathetic nerve activity during sinusoidal 539 

galvanic vestibular stimulation. J Neurophysiol. 2016 Dec 1;116(6):2689-2694. doi: 10.1152/jn.00036.2016. 540 

Epub 2016 Sep 21. PMID: 27655961; PMCID: PMC5133300. 541 

[51] Nitsche MA, Liebetanz D, Lang N, Antal A, Tergau F, Paulus W. Safety criteria for transcranial direct 542 

current stimulation (tDCS) in humans. Clin Neurophysiol. 2003 Nov;114(11):2220-2; author reply 2222-3. 543 

doi: 10.1016/s1388-2457(03)00235-9. PMID: 14580622. 544 

[52] Paulus W. Transcranial direct current stimulation (tDCS). Suppl Clin Neurophysiol. 2003;56:249-54. doi: 545 

10.1016/s1567-424x(09)70229-6. PMID: 14677402. 546 

[53] Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation (tDCS): a tool for double-blind sham-547 

controlled clinical studies in brain stimulation. Clin Neurophysiol. 2006 Apr;117(4):845-50. doi: 548 

10.1016/j.clinph.2005.12.003. Epub 2006 Jan 19. PMID: 16427357. 549 

[54] Yang, M., Morin, C. M., Schaefer, K., & Wallenstein, G. V. (2009). Interpreting score differences in the 550 

Insomnia Severity Index: using health-related outcomes to define the minimally important 551 

difference. Current medical research and opinion, 25(10), 2487–2494. 552 

https://doi.org/10.1185/03007990903167415 553 

[55] Goothy, S. S. K., & McKeown, J. (2020). Modulation of sleep using electrical vestibular nerve stimulation 554 

prior to sleep onset: a pilot study. Journal of basic and clinical physiology and pharmacology, 32(2), 19–23. 555 

https://doi.org/10.1515/jbcpp-2020-0019 556 

[56] Cheung, T., Lam, J. Y. T., Fong, K. H., Cheng, C. P., Ho, A., Sittlington, J., Xiang, Y. T., & Li, T. M. H. (2023). 557 

Evaluating the Efficacy of Electrical Vestibular Stimulation (VeNS) on Insomnia Adults: Study Protocol of a 558 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1185/03007990903167415___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTg5ZTo1Y2E0ZWVhM2U4NDkxYzcwODllZjQzMzUxMjZjY2U1MWI5MmQyYTgzZDI1YTdlNjBkNDNjNzhjNzUwM2VkMWUwOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1515/jbcpp-2020-0019___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YTQ2Mzo3NGE3YjU2Zjk2Yzk0MzYzNDk0Nzk2ZWZmNmVmNWMyM2M1YjMwYzIzNDQzZDQ5OTM5NDU3NzkzMDk0N2Y1NmI5OnA6VA


29 
 

Double-Blinded, Randomized, Sham-Controlled Trial. International journal of environmental research and 559 

public health, 20(4), 3577. https://doi.org/10.3390/ijerph20043577 560 

[57] Albathi, M., & Agrawal, Y. (2017). Vestibular vertigo is associated with abnormal sleep duration. Journal 561 

of vestibular research : equilibrium & orientation, 27(2-3), 127–135. https://doi.org/10.3233/VES-170617 562 

[58] Mutlu, B., & Topcu, M. T. (2022). Investigation of the Relationship between Vestibular Disorders and 563 

Sleep Disturbance. International archives of otorhinolaryngology, 26(4), e688–e696. 564 

https://doi.org/10.1055/s-0042-1742763 565 

[59] Kim, S. K., Kim, J. H., Jeon, S. S., & Hong, S. M. (2018). Relationship between sleep quality and 566 

dizziness. PloS one, 13(3), e0192705. https://doi.org/10.1371/journal.pone.0192705 567 

[60] Kishi, A., Togo, F., Yamamoto, Y. (2023). Slow-oscillatory galvanic vestibular stimulation promotes sleep 568 

in health young dults. Brain Stimulation, 16(1), 298-299, http://dx.doi.org/10.1016/j.brs.2023.01.535 569 

[61] van Sluijs, R., Wilhelm, E., Rondei, Q., Omlin, X., Crivelli, F., Straumann, D., Jäger, L., Riener, R., & 570 

Achermann, P. (2020). Gentle rocking movements during sleep in the elderly. Journal of sleep 571 

research, 29(6), e12989. https://doi.org/10.1111/jsr.12989 572 

[62] Omlin, X., Crivelli, F., Näf, M., Heinicke, L., Skorucak, J., Malafeev, A., Fernandez Guerrero, A., Riener, R., 573 

& Achermann, P. (2018). The Effect of a Slowly Rocking Bed on Sleep. Scientific reports, 8(1), 2156. 574 

https://doi.org/10.1038/s41598-018-19880-3 575 

[63] Tai, S. K., & Leung, L. S. (2012). Vestibular stimulation enhances hippocampal long-term potentiation via 576 

activation of cholinergic septohippocampal cells. Behavioural brain research, 232(1), 174–182. 577 

https://doi.org/10.1016/j.bbr.2012.04.013 578 

[64] Vitte, E., Derosier, C., Caritu, Y., Berthoz, A., Hasboun, D., & Soulié, D. (1996). Activation of the 579 

hippocampal formation by vestibular stimulation: a functional magnetic resonance imaging 580 

study. Experimental brain research, 112(3), 523–526. https://doi.org/10.1007/BF00227958 581 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.3233/VES-170617___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6N2FlZjoxYTFkOTcwMDliMzhiYmEyMGE4YWVlOGI1MTE0ZmFhODY3MWQwYzI1MGZiZjRlNzI1NzBmODZhZDc4YWY1NjBjOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1055/s-0042-1742763___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6OWEyZjo3YWZiNTlkNTViYjNiMmJiMmQ0ODkxNjMwZGU2NWIyZDVhZTY2OGNjNTMzMGMyNmUzNTczN2Q0NmNiMzU0NmM2OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1371/journal.pone.0192705___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZGE5ZDpiMTEwYzQzZDMzNzQ4NWQ3MjJkNjM3OGNmMDliZjVlYzIyM2IyMTIwMGNiZDk5ODQzZGRhOWI5ZTdhNGM2NWUzOnA6VA
https://protect.checkpoint.com/v2/___http:/dx.doi.org/10.1016/j.brs.2023.01.535___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MmMzYTo1ZTUyYjEyNDhjNjI1ZTRjYjMxYzkyZTUzZDM2NTM2ZWZhMDAyNGZiMzI0MWU3NzM2NGRlYmQ1OWUzZmUwYjc1OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1111/jsr.12989___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZTZlNTowYjdmNGZkYTAzOWU2YzVmZTBmNzM4ZmFhMmU0YmM5OWQ3ZWIwNjJiOWVmNmUxNzVmMTJkOTMyZmE5MGM3M2IzOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1038/s41598-018-19880-3___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NWFlYjowNTI0MTQwZWZhMzExY2M0M2ZhNDdlMDJkYzg2MTcxNTM4MDE3NTQ2OWVmODg3ZDJkMTBmY2M3M2U3YTAxYjEyOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.bbr.2012.04.013___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YjYyYjowMzdjMjA3NDMwYTI3MWViZDQwMzRlYmVmYzNjNjI1ZDAyNDRjN2ZiYmIzMTU5NGY1MjMwYzQ4MGM3MTE4ODg2OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1007/BF00227958___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZDA3NTo1ODk4YTYxM2VhNGNlMTk0MDNiNWVjMzFmYjBkMWRmNjU1NzQ3YjE4Zjg5YjA2MmY5Y2U1NzUxMDZiMzJkZDA3OnA6VA


30 
 

[65] Smith P. F. (1997). Vestibular-hippocampal interactions. Hippocampus, 7(5), 465–471. 582 

https://doi.org/10.1002/(SICI)1098-1063(1997)7:5<465::AID-HIPO3>3.0.CO;2-G 583 

[66] Izawa, S., Chowdhury, S., Miyazaki, T., Mukai, Y., Ono, D., Inoue, R., Ohmura, Y., Mizoguchi, H., Kimura, 584 

K., Yoshioka, M., Terao, A., Kilduff, T. S., & Yamanaka, A. (2019). REM sleep-active MCH neurons are involved 585 

in forgetting hippocampus-dependent memories. Science (New York, N.Y.), 365(6459), 1308–1313. 586 

https://doi.org/10.1126/science.aax9238 587 

[67] Saper, C. B., Fuller, P. M., Pedersen, N. P., Lu, J., & Scammell, T. E. (2010). Sleep state 588 

switching. Neuron, 68(6), 1023–1042. https://doi.org/10.1016/j.neuron.2010.11.032 589 

[68] Tsunematsu, T., Ueno, T., Tabuchi, S., Inutsuka, A., Tanaka, K. F., Hasuwa, H., Kilduff, T. S., Terao, A., & 590 

Yamanaka, A. (2014). Optogenetic manipulation of activity and temporally controlled cell-specific ablation 591 

reveal a role for MCH neurons in sleep/wake regulation. The Journal of neuroscience : the official journal of 592 

the Society for Neuroscience, 34(20), 6896–6909. https://doi.org/10.1523/JNEUROSCI.5344-13.2014 593 

[69] Cuthbert, P. C., Gilchrist, D. P., Hicks, S. L., MacDougall, H. G., & Curthoys, I. S. (2000). 594 

Electrophysiological evidence for vestibular activation of the guinea pig hippocampus. Neuroreport, 11(7), 595 

1443–1447. https://doi.org/10.1097/00001756-200005150-00018 596 

[70] Hobson, J. A., Stickgold, R., Pace-Schott, E. F., & Leslie, K. R. (1998). Sleep and vestibular adaptation: 597 

implications for function in microgravity. Journal of vestibular research : equilibrium & orientation, 8(1), 81–598 

94. 599 

[71] Woodward, S., Tauber, E. S., Spielmann, A. J., & Thorpy, M. J. (1990). Effects of otolithic vestibular 600 

stimulation on sleep. Sleep, 13(6), 533–537. https://doi.org/10.1093/sleep/13.6.533 601 

[72] Picard-Deland, C., Allaire, M. A., & Nielsen, T. (2022). Postural balance in frequent lucid dreamers: a 602 

replication attempt. Sleep, 45(7), zsac105. https://doi.org/10.1093/sleep/zsac105  603 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/doi.org/10.1002/(SICI)1098-1063(1997)7:5%3c465::AID-HIPO3%3e3.0.CO;2-G___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6YjIwZTphNDdjMDhjZjIwMzdiMzA1ZTM2ODlhNWFhMWU1MjBkNzdiZWZhZmVmOGI1NDFlNDViMDVjZTZmNDMzZWM1MjgyOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1126/science.aax9238___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6MWEwMzo3MTQ0ODg2ZmVkM2RiMGJlMGU3ZTA5NDJhZGVkMzJiYTJiY2ZhMDEzNjkzY2E0NDEwYmZkMGRmZTNkZGM5NTY2OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.neuron.2010.11.032___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6ZTM3NjpmYzA2MjJlYTJmYWQxZWEzZjBiMmI5Y2Y0YzhmNTZiNzI4Y2Q3YzUzMGM0ODU1YjhmNDkyZThhNjNkYmIwMjk1OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1523/JNEUROSCI.5344-13.2014___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6Njk2YToyYzExMDZkYTQzM2YxZmYzMzZjNjQzMGFhZWM1YTJmNDA1MWFjNGYyNjhlZTc3YTUzOWI0YzRjZmUzYTlmZmRiOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1097/00001756-200005150-00018___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NzVjNjpjZjhlYjAyMjBlNDM4M2RhYzlkNmMxNTE1OTFiOTc2Zjg2NzczMmRjZTIwZGYxZDVkMzdkNmRlNzI0NDdiNmU0OnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/sleep/13.6.533___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NDYwNDozMDBjNTkyY2ZhZGNmYjEyZDc2YjY2ZDlmOWU5Zjc3ZDkyOWNkMTdjNDI2MGQxYTllMjk0YWEyMWMwOWFmYmMwOnA6VA
https://protect.checkpoint.com/v2/___https:/doi.org/10.1093/sleep/zsac105___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6Y2Y5ODo3YTBlNmY3MTQxNDk5ZDQyMmZhMGVjNGJmZTU3NDkxYmY3NmVjODFhNTI2MmM5N2UxYWNhMjc0NWViMTQyMzRiOnA6VA


31 
 

[73] Leslie, K., & Ogilvie, R. (1996). Vestibular dreams: The effect of rocking on dream mentation. Dreaming, 604 

6(1), 1–16. https://doi.org/10.1037/h0094442 605 

[74] Hafner, M., Stepanek, M., Taylor, J., Troxel, W. M., & van Stolk, C. (2017). Why Sleep Matters-The 606 

Economic Costs of Insufficient Sleep: A Cross-Country Comparative Analysis. Rand health quarterly, 6(4), 11. 607 

[75] Wiles, N. J., Thomas, L., Turner, N., Garfield, K., Kounali, D., Campbell, J., Kessler, D., Kuyken, W., Lewis, 608 

G., Morrison, J., Williams, C., Peters, T. J., & Hollinghurst, S. (2016). Long-term effectiveness and cost-609 

effectiveness of cognitive behavioural therapy as an adjunct to pharmacotherapy for treatment-resistant 610 

depression in primary care: follow-up of the CoBalT randomised controlled trial. The Lancet. 611 

Psychiatry, 3(2), 137–144. https://doi.org/10.1016/S2215-0366(15)00495-2 612 

[76] NHS, (2022). ‘Overview – Cognitive behavioural therapy (CBT)’, [online]. Available from: 613 

https://www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-and-614 

counselling/cognitive-behavioural-therapy-cbt/overview/ (Accessed 08 December 2023). 615 

Jo
urn

al 
Pre-

pro
of

https://protect.checkpoint.com/v2/___https:/psycnet.apa.org/doi/10.1037/h0094442___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NDZiZTo4NmIyMzkzZDgzMDc5YjYyY2Q1ZmFkY2UwY2JmYjZhODViNzE5YmI3MWIwMjM4N2Y3MzAyYTY0OTc1MWQ5ZTBmOnA6VA
https://doi.org/10.1016/S2215-0366(15)00495-2
https://protect.checkpoint.com/v2/___https:/www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-and-counselling/cognitive-behavioural-therapy-cbt/overview/___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NGM4MDpkZWJkZmEwNTVmZWM0MTQxOTZlOTkwZjA1MTZkN2IwNTAxNGM1YjI3MDdiMzJmMTQyNjZhZjhlZDc0M2NjZTU0OnA6VA
https://protect.checkpoint.com/v2/___https:/www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-and-counselling/cognitive-behavioural-therapy-cbt/overview/___.YzJlOnVsc3RlcnVuaXZlcnNpdHk6YzpvOjFhZDQ5NGQxYmYyYjc0NmE0OWUzZjJlNWI1MzE0ZThlOjY6NGM4MDpkZWJkZmEwNTVmZWM0MTQxOTZlOTkwZjA1MTZkN2IwNTAxNGM1YjI3MDdiMzJmMTQyNjZhZjhlZDc0M2NjZTU0OnA6VA


Table 1. Eligibility criteria.  

Inclusion criteria Exclusion criteria 

• Insomnia Severity Index (ISI) score of 15 or 

greater 

• Agreement not to do the following during the 

study: 

o undergo any extreme lifestyle 

changes during the study that 

could impact on sleep e.g., dietary 

or exercise changes  

o use sleep trackers for the duration 

of the study 

o travel to different time zones 

during the study 

• Ability and willingness to engage with the 

monitoring company as required to discuss 

usage and technical issues 

• Access to Wi-Fi  

• Access to a mobile device with Bluetooth (HK 

only) 

• Agreement not to use prescription or over the 

counter sleep medications for the duration of 

the trial, and haven’t for 4 weeks before the trial 

• Aged 18-80 years (UK); Aged 18-60 years (HK) 

• Ability and willingness to complete all study 

visits and procedures; in particular, an 

agreement to engage with trying to use the 

device daily and attend study appointments 

remotely (UK) or in person (HK) 

• Agreement to maintain a familiar sleeping 

environment/routine throughout the study and 

will not discontinue or begin treatment with 

new devices used while sleeping during the 

study 

• Able to provide written informed consent 

• Live in UK or Ireland and understand English 

(UK) or live in Hong Kong, be ethnic Chinese and 

understand Simplified and Traditional Chinese 

(Mandarin) (HK) 

• Confirmation that insomnia was not related to 

recent lifestyle changes that may alter during 

trial 

 

• History of  

o skin breakdown, eczema or other 

dermatological condition (e.g. 

psoriasis) affecting the skin behind 

the ears 

o stroke or severe head injury 

(requiring intensive care or 

neurosurgery) 

o active migraines with aura 

o epilepsy 

o diagnosed cognitive impairment 

such as Alzheimer’s 

disease/dementia 

o vestibular dysfunction or other 

inner ear disease 

o major depressive disorder, 

psychotic disorder, bipolar 

affective disorder, substance use 

disorders, or clinical depression, or 

a current characterised depressive 

episode 

• Previous diagnosis of HIV infection or AIDS 

• Presence of permanently implanted battery 

powered medical device or stimulator (e.g., 

pacemaker, implanted defibrillator, deep brain 

stimulator, vagal nerve stimulator etc.). 

• A diagnosis of myelofibrosis or a 

myelodysplastic syndrome 

• Previous use of any VeNS device 

• Pregnancy or breast-feeding, or intends to 

become pregnant 

• Regular use (more than twice a month) of 

antihistamine medication within the last 6 

months, excluding fexofenadine 

• History or presence of malignancy within the 

last year (except basal and squamous cell skin 

cancer and in-situ carcinomas) 

• Participation in other clinical trials sponsored by 

Neurovalens or other insomnia studies 

• Use of betablockers/antidepressants/any other 

medications that may affect the 

neurostimulation 

• Have a member of the same household who is 

currently participating in this study 

• Significant communicative impairments 

 

Jo
urn

al 
Pre-

pro
of



Table 2. Stimulation and usage parameters for the Modius Sleep and sham devices. 

 Modius Sleep Device Sham Device 

Stimulation frequency 0.25Hz 0.8Hz; reduces likelihood of 

meaningful vestibular stimulation [44, 

45] 

Stimulation current 0.1mA-1.0mA; participant to ↑ in 0.1mA increments until gentle swaying 

sensation felt indicating modulation of vestibular nerve 

Length of stimulation 30 minutes Total 50 seconds: 30 seconds at 

selected current, ↓ to 0mA over next 

20 seconds* 

Placement Bilateral (mastoid processes) 

Usage frequency 30 minutes daily for 28 days 

Usage pattern While sitting; before sleep 

Post-session lockout period 16 hours 

* Due to user accommodation to the current, sensations of tingling/prickling typically subside after 30 

seconds [46, 47]; participants are unable to distinguish between a device delivering 20 minutes of real 

stimulation, vs a sham device delivering 30 seconds of stimulation before switching off [48]. 
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Table 3. Baseline (Week 0) characteristics for participants using an electrical vestibular stimulation 

device (treatment) compared to those using a sham control device split by analysis. 

 

Analysis cohort ITT (n=147) PP (n=126) 

Intervention group 
Sham 
(n=74) 

Treatment 
(n=73) 

Sham 
(n=65) 

Treatment 
(n=61) 

Sex, n (%) Male 24 (32.4) 25 (34.2) 21 (32.3) 21 (34.4) 

  Female 50 (67.6) 48 (65.8) 44 (67.7) 40 (65.6) 

 df, Χ2 1, 0.054 1, 0.064 

  p-value 0.816 0.801 

Ethnicity, n (%) 
  
  

Caucasian 23 (31.1) 23 (31.5) 19 (29.2) 20 (32.8) 

Asian 50 (67.6) 50 (68.5) 45 (69.2) 41 (67.2) 

Mixed 1 (1.35) 0 (0.00) 1 (1.54) 0 (0.00) 

 df, Χ2 2, 0.993 1, 0.140 

  p-value* 1 0.709 

Age in years, mean (SD)   42.0 (13.0) 39.6 (13.9) 41.9 (12.8) 40.5 (13.1) 

  p-value 0.313 0.667 

ISI score, mean (SD)  18.4 (4.51) 19.8 (4.14) 18.3 (4.70) 19.7 (4.03) 

  p-value 0.051 0.078 

PSQI global score, mean (SD)  12.5 (3.16) 13.0 (3.58) 12.3 (3.14) 12.9 (3.42) 

 p-value 0.388 0.381 

Caffeine intake, mean (SD)  N/A N/A 1.67 (1.14) 1.51 (1.32) 

 p-value N/A 0.897 

    

 

* Note that for ethnicity  Χ2, the data for ‘Mixed’ ethnicity had to be excluded due to low expected cell 

count therefore the Pearson  Χ2 values for ethnicity were performed with Caucasian and Asian data only.  

Χ2 tests carried out for sex and ethnicity, Mann-Whitney U test for age, PSQI global score and caffeine 

intake, and independent t-tests for ISI score,. Caffeine intake was calculated in units where one unit is 

equal to 90mg of caffeine. Significant at p≤0.05. A per protocol analysis (PP) was carried out on 

participants who completed the study to Week 4 (n=126); and intention to treat analysis using the last 

observation carried forward (LOCF) method was used for the complete cohort (n=147). SD – standard 

deviation; df – degrees of freedom; ISI – Insomnia Severity Index; PSQI – Pittsburgh Sleep Quality Index. 
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Table 4. Number (%) of adverse events according to intervention group (all participants, n=147). 

 Adverse Events 
  Total  

n (%)  
Treatm
ent n 
(%)  

Sham 
n (%)  

HK Nervous System Disorders  Headache/migraine  1 
(0.68)  

1 
(0.68)  

0 (0.0)  

 Gastrointestinal Disorders  Severe nausea  1 
(0.68)  

1 
(0.68)  

0 (0.0)  

UK Nervous System Disorders  Headache/migraine  6 
(4.1)  

5 (3.4)  1 (0.68)  

 Eye Disorders  Flashes in peripheral 
vision  

2 
(1.4)  

2 (1.4)  0 (0.0)  

Shadow in peripheral 
vision  

1 
(0.68)  

1 
(0.68)  

0 (0.0)  

Tingling in eye  1 
(0.68)  

1 
(0.68)  

0 (0.0)  

 Ear disorders  Ear pain  2 
(1.4)  

0 (0.0)  2 (1.4)  

Tinnitus  2 
(1.4)  

1 
(0.68)  

1 (0.68)  

Itching in ear  1 
(0.68)  

0 (0.0)  1 (0.68)  

 Mood disorders  Low Mood  2 
(1.4)  

2 (1.4)  0 (0.0)  

 Mouth/dental disorders  Metal fillings pulsing   1 
(0.68)  

0 (0.0)  1 (0.68)  

Grinding teeth  1 
(0.68)  

1 
(0.68)  

0 (0.0)  

 Other  Tingling in arm  1 
(0.68)  

1 
(0.68)  

0 (0.0)  

 Serious Adverse Events     

UK Other Minor cerebral 
vascular accident 

1 
(0.68) 

1 (0.68) 0 (0.0) 

 

The minor cerebral vascular accident was determined to be not device related. 
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Table 5. Number of 'good sleepers' and 'poor sleepers' based on Pittsburgh Sleep Quality Index (PSQI) 
score before (Week 0) and after (Week 4) intervention for participants using an electrical vestibular 
stimulation device compared to those using a sham control device.   

 

    Week 0 Week 4 

    
Good sleeper 
(n) 

Poor sleeper 
(n) 

Good sleeper 
(n) 

Poor sleeper 
(n) 

ITT 
Sham 1 73 11 63 

Treatment 1 72 10 63 

PP 
Sham 1 64 11 54 

Treatment 1 60 10 51 

 

PP – per protocol cohort; ITT – intention to treat analysis using last observation carried forward cohort. 
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Table 6. Change in mean Pittsburgh Sleep Quality Index (PSQI) component scores for participants using 

an electrical vestibular stimulation device compared to those using a sham control device.   

 

                  Week 0                Week 4 
Within-group change in 
score Between-

group 
difference 
p-value 

 

 Mean (SD) Mean (SD) Mean (SD); p-value 
Effect 
size 

PSQI Component Sham Treatment Sham Treatment Sham Treatment  

Component 1: 
Subjective sleep 
quality 

2.36 
(0.563) 

2.41 (0.642) 
1.84 
(0.844) 

1.75 
(0.703) 

-0.527 
(0.815); 
<0.001 

-0.658 
(0.671); 
<0.001 

0.189 0.11 

Component 2: Sleep 
latency 

2.34 
(0.864) 

2.33 (0.958) 
1.92  
(1.08) 

1.89 
(0.994) 

-0.419 
(0.844); 
<0.001 

-0.438 
(0.799); 
<0.001 

0.823 0.02 

Component 3: Sleep 
duration 

1.88 
(0.950) 

1.90 (0.988) 
1.55  
(1.04) 

1.41  
(1.07) 

-0.324 
(0.862); 
0.002 

-0.493 
(0.784); 
<0.001 

0.354 0.08 

Component 4: Sleep 
efficiency 

1.62 
(1.70) 

1.66  
(1.27) 

1.61  
(1.25) 

1.14  
(1.21) 

-0.0135 
(1.12); 
0.805 

-0.528 
(1.06); 
<0.001 

0.040 0.17 

Component 5: Sleep 
disturbance 

1.61 
(0.593) 

1.66 (0.671) 
1.41 
(0.571) 

1.47 
(0.647) 

-0.203 
(0.496); 
0.001 

-0.192 
(0.518); 
0.003 

0.786 0.02 

Component 6: 
Medication 

0.905 
(1.25) 

0.932 (1.31) 
0.757 
(1.21) 

0.795 
(1.26) 

-0.149 
(0.771); 
0.093 

-0.137 
(0.673); 
0.093 

0.711 0.03 

Component 7: 
Daytime dysfunction 

1.76 
(0.773) 

2.05 (0.724) 
1.57 
(0.812) 

1.68 
(0.762) 

-0.189 
(0.771); 
0.037 

-0.370 
(0.697); 
<0.001 

0.073 0.15 

Global Score 
12.5 
(3.16) 

13.0 (3.58) 
10.7 
(4.18) 

10.1 (4.02) 
-1.82 
(3.43) 

-2.81 
(3.25) 

0.118 0.16 

 

Values displayed for the intention to treat analysis using last observation carried forward (ITT) cohort. P-

values considered significant at p≤0.007 after Bonferroni corrections are applied for multiple 

comparisons. P-values for between-group differences in change in score determined using Mann-

Whitney U tests for all scores. Wilcoxon signed rank tests used for within-group difference. Effect size 

was calculated using r=Z/√n. PSQI – Pittsburgh Sleep Quality Index; SD – standard deviation. 
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Table 7. Change in Quality of Life (SF-36) component scores for participants using an electrical vestibular 

stimulation device compared to those using a sham control device.   

 

  Week 0 Week 4 
Within-group change 

in score Between 
group 

difference 
p-value 

 

 Mean (SD) Mean (SD) Mean (SD); p-value 
Effect 
 size 

SF-36 Component Sham Treatment Sham Treatment Sham Treatment  

Component 1: 
Physical functioning 

81.6 
(20.1) 

74.2 (26.2) 
86.5 

(14.2) 
75.1 (26.6) 

4.93 
(13.8); 
0.003 

0.890 
(15.6); 
0.431 

0.109 0.13 

Component 2: Role 
limitations due to 
physical health 

49.7 
(41.5) 

36.6 (39.5) 
53.0 

(39.5) 
52.1 (40.3) 

3.38 
(37.8); 
0.458 

15.4 (34.4); 
<0.001 

0.062 0.15 

Component 3: Role 
limitations due to 
emotional problems 

36.5 
(42.1) 

29.7 (40.3) 
45.5 

(44.3) 
44.7 (39.8) 

9.01 
(46.3); 
0.096 

15.1 (42.0); 
0.007 

0.445 0.06 

Component 4: 
Energy/fatigue 

37.6 
(21.7) 

30.1 (19.2) 
43.4 

(20.6) 
41.3 (18.6) 

5.81 
(15.9); 
0.003 

11.2 (12.7); 
<0.001 

0.006 0.22 

Component 5: 
Emotional well-being 

53.2 
(21.1) 

47.1 (21.6) 
57.4 

(20.1) 
56.5 (19.5) 

4.16 
(14.8); 
0.019 

9.48 (13.8); 
<0.001 

0.018 0.20 

Component 6: Social 
functioning 

56.1 
(26.0) 

51.2 (24.1) 
65.9 

(23.5) 
62.6 (25.4) 

9.80 
(27.5); 
<0.001 

11.3 (17.6); 
<0.001 

0.723 0.03 

Component 7: Pain 
64.8 

(24.0) 
62.4 (27.5) 

73.6 
(24.0) 

64.9 (27.1) 
8.82 

(17.3); 
<0.001 

2.43 (16.3); 
0.120 

0.042 0.17 

Component 8: 
General health 

44.5 
(20.9) 

42.4 (24.5) 
49.5 

(22.4) 
47.3 (22.0) 

5.07 
(13.7); 
0.005 

4.86 (14.2); 
0.008 

0.978 0.00 

 

Values displayed for the intention to treat analysis using last observation carried forward (ITT) cohort. P-

values considered significant at p≤0.006 after Bonferroni corrections are applied for multiple 

comparisons. P-values were determined using Mann-Whitney U tests for between group differences, 

and Wilcoxon signed rank tests for within-group differences. Effect size was calculated using r=Z/√n for 

component scores. SD – standard deviation. SF-36; RAND 36-Item Short Form Survey, Quality of Life. 
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Week 0 Baseline appt.:

• ISI

• PSQI

• SF-36

Week 3

Week 2

Week 4 Post-intervention appt. :

• ISI

• PSQI

• SF-36

Caffeine diary start (for 7 

days) (UK only)

Insomnia severity index 

completed (UK only)

Enrolment

Caffeine diary start (for 7 

days) (UK only)

Week 16
Post-intervention appt., ISI only 

(HK only)

7 days 

pre-Week 0

Week 8 Post-intervention appt., ISI only 

(HK only)
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Enrolled; n=149
HK; n=95
UK; n=54

Assigned to sham 
group; n=74

Assigned to treatment 
group; n=73

Week 0 (start of intervention); n=147

Assessed for 
eligibility n=203

Withdrawals between Week 0 and 
Week 4; n=12
• Medication change (ineligible);  

n=1 (UK)
• Medical issue; n=1 (UK)
• Lost to follow-up; n=2 (UK)
• Unable to commit to study;         

n=6 (HK)
• AE (device related); n=1 (HK)
• Changed sleeping 

environment/routine; n= 1 (HK)

Withdrawals between Week 0 and 
Week 4; n=9
• Unable to commit to study;  

n=1 (UK), n=4 (HK)
• Vivid dreams; n=1 (UK)
• Lost to follow-up; n=1 (UK)
• Family bereavement; n=1 (UK)
• Changed sleeping 

environment/routine; n= 1 (HK)

Week 4 (end of intervention); n=126

Week 2 (UK only); n=46

Week 8 (HK only); n=80

Week 16 (HK only); n=79

Analyses
ITT cohort; n=147
PP cohort; n=126

Withdrawals post-Week 4; n=1 
• Lost to follow-up; n=1 (HK)

Withdrawals post-Week 4; n=2 
• Lost to follow-up; n=2 (HK)

Withdrawals pre-Week 0; n=2
• Changed mind; n=1 (UK)
• Illness; n=1 (UK)
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HIGHLIGHTS 

• Repeated VeNS with below parameters improved insomnia severity and fatigue  

• Stimulation was effective when provided for 30 minutes daily for five days per week 

• Treatment group mean ISI score decrease approached clinically meaningful improvement 
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