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Abstract 

Sleep is a state of decreased alertness, which is regulated by circadian rhythm. Sleep is essential for our survival as we 

spend one-third of our life in sleep. Sleep maintains physical and mental health and contributes to well-being. The 

present study was designed to evaluate the effect of vestibular stimulation on selected behavioral parameters in young 

adults. A total of 300 (130 males and 170 females) young adults were screened. 240 (120 males and 120 females) 

participants satisfying both inclusion and exclusion criteria were included in the study. A detailed medical history was 

obtained from all participants and standard physical examination was conducted. Written informed consent was 

obtained from all the participants included in the study. The present study results support beneficial effects of vestibular 

stimulation in limiting stress induced changes on sleep quality and eating behavior. The study recommends adoption of 

vestibular stimulation in everyday life style for better quality of life. 
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Introduction 

Sleep is a state of decreased alertness, which is 
regulated by circadian rhythm. Sleep is essential for our 
survival as we spend one-third of our life in sleep. Sleep 
maintains physical and mental health and contributes to 
well-being [1]. Sleep quality is a measure of subjective 
and objective outcomes of the sleep. Poor sleep quality is 
a common problem in young adults globally [2] and 
prevalence of sleep disorders are higher in young adults 

of India [3]. Sleep deprivation leads to depression and 
adversely affects cognition, which may result in decrease 
in the academic performance. Sleep deprivation in young 
adults may be due to the academic and examination stress 
or non-academic diversions [4]. Sleep deprivation may 
increase daytime sleepiness, which may further 
contribute to increased risk of cardiovascular diseases, 
metabolic syndrome, immunological problems and 
psychiatric illness [5]. Poorly managed stress has been 
reported to decrease the quality of sleep and sleep 
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deprivation would be the major cause for daytime 
sleepiness. Excessive daytime sleepiness increases 
negative feelings, adversely affects cognitive functions 
and decrease quality of life, which may further lead to 
stress [6].  

 
Stress may alter eating behavior of the individual and 

increases the risk of obesity [7]. Emotional eating, 
uncontrolled eating and increased tendency to eat non-
nutritious food were observed in young adults with high 
stress [8]. Vestibular stimulation promotes sleep through 
relaxation effect, through direct and indirect connections 
with amygdala, sensory systems, thalamus, hypothalamus 
and brain stem areas [9]. Swinging has been reported to 
alter physiological parameters of sleep. Vestibular 
stimulation facilitates thalamo-cortical-synchronization, 
decreases latency of sleep and increases duration of deep 
sleep stages [10]. Vestibular stimulation regulates eating 
behavior through its connections with hypothalamus, 
dorsal raphe nucleus, nucleus tractus solitarius, locus-
coeruleus and hippocampal formation [11]. The present 
study was designed to evaluate the effect of vestibular 
stimulation on selected behavioral parameters in young 
adults. 
 

Materials and Methods 

Participants 

A total of 300 (130 males and 170 females) young 
adults were screened. 240 (120 males and 120 females) 
participants satisfying both inclusion and exclusion 
criteria were included in the study. A detailed medical 
history was obtained from all participants and standard 
physical examination was conducted. Written informed 
consent was obtained from all the participants included in 
the study. Selected participants were randomly assigned 
to four groups by simple random sampling. 
Group Con-M (n = 60): Control male group (no vestibular 
stimulation was given) 
Group Con-F (n = 60): Control female group (no vestibular 
stimulation was given) 
Group Exp-M (n = 60): Experimental male group 
(vestibular stimulation was given) 
Group Exp-F (n = 60): Experimental female group 
(vestibular stimulation was given). 
 

Inclusion and Exclusion Criteria 

Healthy young adults in the age group of 18-24 years 
who were willing to participate in the study were 
included in the study. Individuals suffering from any 
somatic or mental disorders, those with ear infections or 

any vestibular disturbances, visual disorders, cardio-
respiratory disorders were excluded from this study. 
 

Experimental Design 

The present study was conducted at Little Flower 
Institute of Medical Sciences and Research and Little 
Flower Medical Research Centre, Angamaly. The study 
was approved by Institutional Human Ethics committee. A 
written informed consent was obtained from all the 
participants and confidentiality of the data was 
maintained. This was a longitudinal follow-up study in 
which, participants were assessed three times. The first 
assessment was performed during regular classes (with 
no examination in preceding two weeks and forth coming 
two weeks), these are pre-intervention values. The 
second assessment was performed eight months after the 
intervention (during regular classes), and third 
assessment was performed sixteen months after the 
intervention in stressed state (A week before the 
University examinations).Recording of all parameters were 
done between 1 to 2 pm to minimize diurnal variation.  
 

Power Analysis or Sample Size Estimation 

The sample size was estimated assuming the mean 
difference in the cortisol level to be 20% with 30% 
Standard deviation, for 3 groups (pre-test, 8 months and 
16 months), 90% power and 0.05% significance. The 
estimated sample size was 58 and rounded off to 60 
(control male-60; Experimental male-60; Control female-
60; Experimental male-60). Sigma Plot 13.0 (Systat 
software USA) was used for calculating the sample size. 
 

Duration, Frequency and Intensity of Vestibular 
Stimulation 

The mean and SD values for the duration of vestibular 
stimulation were 4.86 ± 0.99 minutes in males and 4.58 ± 
1.61 minutes in females. The mean and SD values of 
frequency in males is 20.60 ± 2.45 cycles/min and in 
21.0769 ± 1.168 cycles/min in females. The mean and SD 
values obtained for the intensity covered by the swing to 
and fro direction in males is 1.88 ± 0.28m and 1.73 ± 
0.27m respectively and 2.05 ± 0.28m and 1.9 ± 0.25m in 
females respectively. All the above data are not 
statistically significant. 
 

Outcome Measures 

The Pittsburgh Sleep Quality Index (PSQI): The 
Pittsburgh Sleep Quality Index (PSQI) is a standard 
questionnaire used to assess sleep quality and quantity 
for the last month. It consists of 19 self-rated questions to 
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assess seven components of sleep (sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency and sleep 
disorders, use of sleep medications, daily sleep 
disturbance, daily sleep duration)and 5 questions to be 
rated by roommate or bed partner. The self-rated 
questions only considered for scoring. Each component 
score ranges from 0 (no difficulty in sleep) to 3 (severe 
difficulty) and scores of the seven components has to be 
added to obtain the global score which ranges from 0 
(better) to 21 (worse). The global score of ≤ 5 indicates 
good sleep quality [12].  
 
The Epworth Sleepiness Scale: The Epworth Sleepiness 
scale (ESS) is a self-administered questionnaire that 
consists of eight questions to assess the daytime 
sleepiness. The participants were asked to respond on a 
four point Likert scale ranges from 0 (would never doze) 
to 3 (high chance of dozing). The ESS score ranges from 0-
24. Higher ESS scores indicate higher daytime sleepiness 
[13].  
 
The Eating attitude test (EAT-26): EAT-26 consists of 
26 questions to screen the susceptibility to eating 
disorder that needs professional attention. The 
participants were asked to respond each question on a 
four point Likert scale ranges from 0 (never) to 3 
(always). The scoring of question 26 was reversed and 
total score ranges from 0 to 78. A score of 20 and above 
indicates susceptibility to eating disorder [14].  
 

Data Analysis 

Data was analyzed by Sigma Plot 13.0 (Systat software, 
USA). Median and percentile of all the observations were 
calculated. Friedman repeated measures analysis of 
variance on ranks was used to observe the significance of 
difference in the median values among the groups. 
Multiple comparisons were performed by using Student-
Newman-Keuls (SNK) method. Mann-whitney rank sum 
test was used to observe the significance of difference 
between the two groups. p<0.05 was considered as 
significant. 
 

Results 

The effectiveness of vestibular stimulation in young 
adults on the Pittsburgh sleep quality index score was 
presented in figure 1. The median PSQI score in the 
control male group was 7. After 8 months there was no 
change in the PSQI score whereas after 16 months, there 
was increase in the PSQI score which was statistically 
significant (p<0.001). The median PSQI score in the 

experimental male group was 7. After 8 months, there 
was a decrease in the PSQI score whereas after 16 
months, there was a slight decrease in the PSQI score. The 
decrease in the PSQI score was statistically significant 
(p<0.001). The median PSQI score in the control female 
group was 7. After 8 months there was no change in the 
PSQI score whereas after 16 months, there was an 
increase in the PSQI score which was statistically 
significant (p<0.001).The median PSQI score in the 
experimental female group was 7. After 8 months, there 
was a decrease in the PSQI score whereas after 16 
months, there was a slight decrease in the PSQI score. The 
decrease in the PSQI score was statistically significant 
(p<0.001). After 8 months there was a significant 
decrease in the PSQI score in the experimental male 
(T=5184; p<0.001) and female (T=5113; p<0.001groups 
when compared to control male and female groups. 

 
The effectiveness of vestibular stimulation in young 

adults on the Epworth sleepiness scale score was 
presented in figure 2. The median ESS score in the control 
male group was 8. After 8 months, there was no change in 
the ESS score whereas after 16 months, there was 
increase in the ESS score which was statistically 
significant (p<0.001). The median ESS score in the 
experimental male group was 8. After 8 months, there 
was a decrease in the ESS score whereas after 16 months, 
there was a slight decrease in the ESS score. The decrease 
in the ESS score was statistically significant (p<0.001).The 
median ESS score in the control female group was 8. After 
8 months, there was no change in the ESS score whereas 
after 16 months, there was increase in the ESS score 
which was statistically significant (p<0.001).The median 
ESS score in the experimental female group was 8. After 8 
months, there was a decrease in the ESS score whereas 
after 16 months, there was a slight decrease in the ESS 
score. The decrease in the ESS score was statistically 
significant (p<0.001).After 8 months there was a 
significant decrease in the PSQI score in the experimental 
male (T=4894; p<0.001) and female (T=4890; 
p<0.001groups when compared to control male and 
female groups. 

 
The effectiveness of vestibular stimulation in young 

adults on the Eating attitude test score was presented in 
figure 3. The median EAT-26 score in the control male 
group was 13.000. After 8 months, there was a decrease 
in the EAT-26 score which was statistically significant 
(p<0.001). After 16 months, there was an increase in the 
EAT-26 score which was statistically significant 
(p<0.001). The median EAT-26 score in the experimental 
male group was 13. After 8 months, there was a decrease 
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in the EAT-26 score whereas after 16 months, there was a 
slight decrease in the EAT-26 score. The decrease in the 
EAT-26 score was statistically significant (p<0.001). The 
median EAT-26 score in the control male group was 15. 
After 8 months, there was a slight decrease in the EAT-26 
score which was not statistically significant. After 16 
months, there was an increase in the EAT-26 score which 
was statistically significant (p<0.001).The median EAT-26 
score in the experimental female group was 15. After 8 

months, there was a decrease in the EAT-26 score 
whereas after 16 months, there was a slight decrease in 
the EAT-26 score. The decrease in the EAT-26 score is 
statistically significant (p<0.001).After 8 months there 
was a significant decrease in the EAT-26 score in the 
experimental male (T=4432; p<0.001) and female 
(T=4896; p<0.001groups when compared to control male 
and female groups. 

 
 

 

Figure 1: Effectiveness of vestibular stimulation in young adults on the Pittsburgh sleep quality index (PSQI) (score). 
Con = Control; Exp = Experimental; M = Male; F = Female 
The middle green line is the median and the red line is the mean. 
n – Control = 60 each; Experimental = 60 each  
The ‘2’ and ‘P’ values is by Friedman RM ANOVA on ranks with SNK multiple comparison test. 
aSignificantly different from the pre-test group. 
bSignificantly different from the 8 months group.  
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Figure 2: Effectiveness of vestibular stimulation in young adults on the Epworth sleepiness scale (ESS) (score). 
Con = Control; Exp = Experimental; M = Male; F = Female 
The middle green line is the median and the red line is the mean. 
n – Control = 60 each; Experimental = 60 each  
The ‘2’ and ‘P’ values is by Friedman RM ANOVA on ranks with SNK multiple comparison test. 
aSignificantly different from the pre-test group. 
bSignificantly different from the 8 months group.  
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Figure 3: Effectiveness of vestibular stimulation in young adults on Eating attitude test (EAT-26) (score). 
Con = Control; Exp = Experimental; M = Male; F = Female 
The middle green line is the median and the red line is the mean. 
n – Control = 60 each; Experimental = 60 each  
The ‘2’ and ‘P’ values is by Friedman RM ANOVA on ranks with SNK multiple comparison test. 
aSignificantly different from the pre-test group. 
bSignificantly different from the 8 months group. 
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enhancing the quality of sleep. In the present study, 
vestibular stimulation was tested as one such effective 
intervention to improve direct and associated index of 
sleep. Consistent with previous observations in this study, 
overall sleep quality was significantly improved and day 
time sleepiness was significantly decreased following 
vestibular stimulation in male and female intervention 
groups. Although linear swinging and rocking chairs are 
well known to induce sleep, the pathways involved are 
not clearly known [9].  

 
The gross observations on the beneficial effects of 

vestibular stimulation on various sleep parameters are 
consistent with established research reporting sleep 
promoting effects of vestibular stimulation by modulation 
of the activity of different brain areas related to sleep and 
wakefulness such as supra chiasmatic nucleus, dorsal 
raphe nucleus, intergeniculate leaflet, nucleus of tractus 
solitaries, posterior hypothalamus, hippocampal 
formation and pontine reticular formation [23]. These 
beneficial effects are also mediated by release of 
serotonin, which is further converted into melatonin in 
the pineal gland and eventually facilitates sleep [24]. 
Nucleus of tractus solitaries, hippocampal neurons and 
hypothalamus may also be modulated by vestibular 
stimulation in improving sleep parameters [25]. In 
addition to these mechanisms, vestibular system also 
directly promotes sleep through inducing relaxation [24]. 
Relaxation is known to induce sleep through reducing the 
physical tension and limiting the thought process [26]. 
Consistent with this study, rotatory vestibular stimulation 
and linear acceleration was reported to increase the 
release of acetylcholine in Wister albino rats [27] and 
facilitate the REM sleep [28]. Similar to vestibular 
stimulation, bilateral electrical stimulation of the 
vestibular apparatus, rocking bed therapy and sinusoidal 
vestibular stimulation also is reported to decrease sleep 
latency [29]. The current study results are further in 
accordance with earlier studies reporting overall 
improvement in the sleep quality and decrease in daytime 
sleepiness following vestibular stimulation. This study 
also evaluated EAT-26 score as an indirect consequence 
of altered sleep pattern and tested the effectiveness of 
vestibular stimulation in improving EAT-26 score. 
Vestibular stimulation is reported to modulate feeding 
behavior by modulating the activity of arcuate nucleus, 
dorsal raphe nucleus and NTS [11].  

 
Stimulation of vestibular apparatus also promotes 

good feeding habits through relieving stress and 
promoting sleep [30]. Arcuate nucleus is the key area of 
hypothalamus, which regulates the set-point [31]. 

Vestibular system sends projections to the brainstem 
areas, which are involved in homeostasis [31] and 
vestibular stimulation is reported to increase serotonin 
levels and activate arcuate nucleus [32]. Vestibular 
stimulation activates the vagal nerve, leading to increase 
in secretion of cholecystokinin and ghrelin and decrease 
in leptin levels and plays a key role in satiety signal and 
energy balance [33]. Vagal stimulation also increases 
release of insulin, which acts on hypothalamus and 
decreases food [34]. Vestibular stimulation regulates HPA 
axis and decreases the cortisol levels within normal limits, 
which is consistent with observations in this study. In 
contrast dysregulation of HPA axis was associated with 
obesity of upper body with increase in the cortisol levels 
[35]. Consistent with the observations in this study, 
longitudinal caloric vestibular stimulation was reported 
to significantly decrease the total cholesterol, 
triglycerides, high and low density lipoproteins levels in 
albino rats [36]. Unilateral electrical stimulation of 
vestibular nuclei following ingestion of saccharin was 
reported to induce taste eversion to this substance [37]. 
While repeated electrical stimulation of vestibular nerve 
decreased body fat in humans. This study supports the 
long-term practice of vestibular stimulation by young 
adults to increase in the sleep quality, decrease in the 
daytime sleepiness and susceptibility to eating disorder. 
Vestibular stimulation is a simple, cheap, and easy to 
follow and comfortably practice to combat stress 
associated disturbance in sleep patterns and its 
associated events. In summary, this study provides 
supporting evidence for vestibular stimulation as an 
efficient method to effectively prevent stress-induced 
changes sleep and eating behavior. 
 

Conclusion 

The present study results support beneficial effects of 
vestibular stimulation in limiting stress induced changes 
on sleep quality and eating behavior. The study 
recommends adoption of vestibular stimulation in 
everyday life style for better quality of life.  
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