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ABSTRACT
Alzheimer’s disease (AD) is characterized by a progressive decline in the cognitive functions, usually starting 
with memory complaints and eventually progressing to involve multiple cognitive, neuropsychological, 
and behavioral domains. Here, we review the possible mechanisms by which vestibular stimulation may 
prevent or delay AD. The current article establishes the hypothesis for the use of vestibular stimulation for 
the management of Alzheimer’s. We recommend translational research in this area to provide experimental 
evidence to support the use of vestibular stimulation.
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Introduction
Alzheimer’s disease (AD) is characterized by a 
progressive decline in the cognitive functions, 
usually starting with memory complaints and 
eventually progressing to involve multiple 
cognitive, neuropsychological, and behavioral 
domains.[1] Physiological changes that occur during 
a normal ageing of the brain may exacerbate and 
initiate pathological processes that may lead to 
neurodegenerative disorders, especially AD. Hence, 
the risk of AD rises exponentially with age.[2] The 
definitive diagnosis of AD comes from postmortem 
analysis of the neuropathological changes in the 
brain. Analyses of both clinical and pathological 
features, i.e., clinic-pathological correlation studies 
have provided important insights into how the 
pathology correlates with cognitive status AD 
is characterized by the abnormal deposition of 
amyloid β peptide, and intracellular accumulation 
of neurofibrillary tangles of hyperphosphorylated τ 
protein and dementia. However, these phenomena 

are mainly initiated and enhanced by oxidative 
stress, a process referring to an imbalance between 
antioxidants and oxidants in favor of oxidants.[3] 
To discover an alternative therapy with minimum 
or less side effects to delay or prevent AD is prime 
important as AD burdens an increasing number of 
our nation’s elders and their families.

Earlier research reported that there is a close 
association between the vestibular system and 
spatial memories constructed by areas of the brain 
such as the hippocampus.[4,5] While many animal 
studies have been conducted which support this 
relationship, there is substantial evidence that 
vestibular loss also causes cognitive disorders; some 
of which may be due to the reflexive deficits and 
some of which are related to the role that ascending 
vestibular pathways to the limbic system and 
neocortex play in spatial orientation.[6]

The well-known functions of the vestibular 
system are regulation of equilibrium and posture. 
However, the vestibular system is having extensive 
connections with hippocampus, raphe nucleus, 
locus coeruleus, thalamus, amygdale, insular cortex, 
anterior cingulated cortex, cerebellum, occipital 
cortex, putamen, parietal lobe, and other areas 
of the brain which plays a key role in cognitive 
process.[7] So controlled, vestibular stimulation do 
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have positive effects on memory and learning, stress 
relief, improving sleep quality, and immunity.[8] 
Vestibular stimulation triggers a range of changes 
in cognition, emotions, and personality through 
controlling autonomic functions. For AD, only 
temporary treatments are available but with a lot of 
side effects.[9] Hence, there is a need of alternative 
therapy which can potentiate improvement and with 
less or without side effects. Vestibular stimulation 
is a physiological approach to the management of 
cognitive disorders. The emerging evidence proves 
that activation of the vestibular system, by different 
methods of vestibular stimulation is beneficial in 
the improvement of spatial and verbal memory.[10] 
However, as many types of vestibular stimulation 
methods are available, it is essential to explore the 
efficiency of different types of vestibular stimulation 
in improving memory and learning. Here, we review 
different possible mechanisms through which 
vestibular stimulation may prevent/delay AD.

What are the Possible Causes of AD?
Although the causes of Alzheimer’s are not yet fully 
understood, it was believed that AD is caused by a 
combination of genetic, lifestyle and environmental 
factors that affect the brain over time.[10] The risk 
factors include ageing, family history and genetics, 
down syndrome (DS), mild cognitive impairment, 
unhygienic lifestyle, high blood pressure, high 
cholesterol and obesity, poorly controlled Type 2 
diabetes.[10] Age is considered to be the main risk 
factor as the number of sufferers doubles every 
5 years beyond age 65.[10]

How Vestibular Stimulation Prevents/
delays AD?
Vestibular stimulation prevents/delays AD by 
influencing brain ageing
Ageing effects different brain areas to different 
extent.[11] Further, these changes vary in males 
and females with frontal and temporal lobes most 
affected in males, compared with the hippocampus 
and parietal lobes in females.[12,13] Altered secretion of 
the important neurotransmitter of ageing; serotonin 
increases the vulnerability to psychiatric and 
neurodegenerative disorders.[14] Vestibular stimulation 
was found to delay brain ageing and by preventing 
age-related changes in serotonin secretion.[15]

Vestibular stimulation prevents/delays AD by 
regulating food intake
Cardiovascular abnormalities are closely associated 
with obesity: Contributes AD.[16] The vestibular system 

prevents obesity by regulating food intake through 
its extensive interactions with hypothalamus, dorsal 
raphe nucleus, nucleus tractus solitarius, locus 
coeruleus, and hippocampal formation.[17] Animal 
studies provide evidence for anti-hyperlipidemic 
effect of vestibular stimulation.[18]

Vestibular stimulation prevents/delays AD by 
prevent/delay hypertension
Hypertension has been related to pathological 
manifestations of AD such as senile plaques, 
neurofibrillary tangles, and hippocampal atrophy.[19] 
Hypertension causes cerebrovascular disease which 
may increase the risk of AD.[20] Vestibular stimulation 
regulates autonomic functions[21-25] and results in 
regulation of blood pressure within normal limits.

Vestibular stimulation prevents/delays AD by 
preventing hippocampus atrophy
Atrophy of hippocampus was reported as a key 
feature of AD.[26] Anatomical connections exist 
between vestibular system and hippocampus[27] and 
vestibular stimulation activates hippocampus.[28] 
Interestingly, bilateral loss of vestibular function 
is associated with a significant bilateral atrophy of 
the hippocampus.[29] Hence, normal functioning 
of hippocampus requires connections with 
vestibular system. Further, vestibular stimulation 
modulates spatial processing and place cell firing 
and facilitates long-term potentiation in the 
hippocampus by increasing acetylcholine release in 
hippocampus.[30,31]

Vestibular stimulation prevents/delays AD by 
prevent/delay DS
Individuals with DS may have increased the risk for 
cognitive decline, dementia, and AD.[32] Vestibular 
stimulation is one of the effective therapy used in 
the management of DS.[33] Programmed vestibular 
stimulation decreased heart rate within normal 
limits in children with DS.[34]

Vestibular stimulation prevents/delays AD by 
management of diabetes mellitus (DM)
Diabetes observed in AD may be called as “Type 3” 
diabetes” as it selectively involves the brain 
and has molecular and biochemical features 
that overlap with both Type 1 DM (T1DM) and 
T2DM.[35] Vestibular stimulation not only as a 
potential intervention to prevent or delay the 
development of DM in at-risk population but also 
to use it as supplementary therapy for diabetic 
patients management.[36] Animal and human 
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studies recommended vestibular stimulation for 
management of DM.[37]

Vestibular stimulation prevents/delays AD by 
promoting sleep
It was reported that sleep and circadian rhythms 
might impact Alzheimer’s pathogenesis.[38] The 
vestibular system is having extensive interactions 
with hypothalamus, dorsal raphe nucleus, nucleus 
tractus solitarius, locus coeruleus, hippocampal 
formation, and promotes sleep. Vestibular 
stimulation promotes sleep by relieving pain 
and reducing stress. Vestibular stimulation also 
promotes sleep by regulating growth hormone and 
thyroid hormones.[39]

Conclusion
The current article establishes the hypothesis for the 
use of vestibular stimulation for the management 
of Alzheimer’s. We recommend researchers to 
start translational research in this area to provide 
experimental evidence to support the use of 
vestibular stimulation.

References
1. Webster SJ, Bachstetter AD, Nelson PT, Schmitt FA, 

Van Eldik LJ. Using mice to model Alzheimer’s dementia: 
An overview of the clinical disease and the preclinical 
behavioral changes in 10 mouse models. Front Genet 
2014;5:88.

2. Schaffer S, Asseburg H, Kuntz S, Mulle WE, Eckert GP. Effects 
of polyphenols on brain ageing and Alzheimer’s disease: 
Focus on mitochondria. Mol Neurobiol 2012;46:161-78.

3. Huang WJ, Zhang X, Chen WW. Role of oxidative stress in 
Alzheimer’s disease. Biomed Rep 2016;4:519-522.

4. Gurvich C, Maller JJ, Lithgow B, Haghgooie S, Kulkarni J. 
Vestibular insights into cognition and psychiatry. Brain Res 
2013;1537:244-59.

5. Locatelli F, Covic A, Macdougall IC, Scherhag A, Wiecek A; 
ORAMA Study Group. Effect of computer-assisted 
European Best Practice Guideline implementation on 
adherence and target attainment: ORAMA results. J Nephrol 
2009;22:662-74.

6. Smith PF, Zheng Y. From ear to uncertainty: Vestibular 
contributions to cognitive function. Front Integr Neurosci 
2013;7:84.

7. Smith PF, Geddes LH, Baek JH, Darlington CL, Zheng Y. 
Modulation of memory by vestibular lesions and galvanic 
vestibular stimulation. Front Neurol 2010;1:141.

8. Krystal AD, Zammit GK, Wyatt JK, Quan SF, Edinger JD, 
White DP. The effect of vestibular stimulation in a four-hour 
sleep phase advance model of transient insomnia. J Clin 
Sleep Med 2010;6(4):315-21.

9. Bhandari PR. A comment on effect of plant extracts on 
Alzheimer’s disease: An insight into therapeutic avenues. 
J Neurosci Rural Pract 2013;4:236-7.

10. Mayo Clinic Staff. Alzheimer’s Disease - Symptoms 
and Causes. Available from: http://www.mayoclinic.org/

diseases-conditions/alzheimers-disease/symptoms-causes/
dxc-20167103. [Last accessed on 2016 May 05].

11. Trollor JN, Valenzuela MJ. Brain ageing in the new 
millennium. Aust N Z J Psychiatry 2001;35:788-805.

12. Murphy DG, DeCarli C, McIntosh AR, Daly E, Mentis MJ, 
Pietrini P, et al. Sex differences in human brain morphometry 
and metabolism: An in vivo quantitative magnetic resonance 
imaging and positron emission tomography study on the 
effect of ageing. Arch Gen Psychiatry 1996;53:585-94.

13. Compton J, van Amelsvoort T, Murphy D. HRT and its 
effect on normal ageing of the brain and dementia. Br J Clin 
Pharmacol 2001;52:647-53.

14. Goldberg S, Smith GS, Barnes A, Ma Y, Kramer E, Robeson K, 
et al. Serotonin modulation of cerebral glucose metabolism 
in normal aging. Neurobiol Aging 2004;25:167-74.

15. Mickle WA, Ades HW. Rostral Projection Pathway of the 
Vestibular System. Florida: Document Service Centre; 1953.

16. Naderali EK, Ratcliffe SH, Dale MC. Obesity and Alzheimer’s 
disease: A link between body weight and cognitive 
function in old age. Am J Alzheimers Dis Other Demen 
2009-2010;24:445-9.

17. Sailesh KS. Vestibular balance of food intake. Int J Pharm 
Bio Sci 2014;5:1069-73.

18. Sadanandan NN, Archana R, Sailesh KS, Mukkadan JK, 
Antony NJ. Anti-hyperlipidemic effect of vestibular 
stimulation in wistar albino rats. Int J Res Ayurveda Pharm 
2015;6:509-12.

19. Skoog I, Gustafson D. Update on hypertension and 
Alzheimer’s disease. Neurol Res 2006;28:605-11.

20. Balaban CD. Vestibular autonomic regulation (including 
motion sickness and the mechanism of vomiting). Curr Opin 
Neurol 1999;12:29-33.

21. Yates BJ. Vestibular influences on the autonomic nervous 
system. Ann N Y Acad Sci 1996;781:458-73.

22. Yates BJ, Jakus J, Miller AD. Vestibular effects on respiratory 
outflow in the decerebrate cat. Brain Res 1993;629:209-17.

23. Yates BJ. Vestibular influences on the sympathetic nervous 
system. Brain Res Brain Res Rev 1992;17:51-9.

24. Biaggioni I, Costa F, Kaufmann H. Vestibular influences on 
autonomic cardiovascular control in humans. J Vestib Res 
1998;8:35-41.

25. Peters K, Darlington CL, Smith PF. The effects of repeated 
optokinetic stimulation on human autonomic function. 
J Vestib Res 2000;10:139-42.

26. Zarow C, Wang L, Chui HC, Weiner MW, Csernansky JG. 
MRI shows more severe hippocampal atrophy and shape 
deformation in hippocampal sclerosis than in Alzheimer’s 
disease. Int J Alzheimer’s Dis 2011;2011:Article ID: 
483972, 6.

27. Smith PF. Vestibular-hippocampal interactions. 
Hippocampus 1997;7:465-71.

28. Hüfner K, Hamilton DA, Kalla R, Stephan T, Glasauer S, Ma J, 
et al. Spatial memory and hippocampal volume in humans 
with unilateral vestibular deafferentation. Hippocampus 
2007;17:471-85.

29. Zheng Y, Balabhadrapatruni S, Baek JH, Chung P, Gliddon C, 
Zhang M, et al. The effects of bilateral vestibular loss 
on hippocampal volume, neuronal number, and cell 
proliferation in rats. Front Neurol 2012;3:20.

30. Cuthbert PC, Gilchrist DP, Hicks SL, Mac Dougall HG, 
Curthoys IS. Electro physiological evidence for vestibular 
activation of guinea pig hippocampus. Neuro-Rep 
2000;11:1443-7.

31. Head E, Powell D, Gold BT, Schmitt FA. Alzheimer’s 



Archana, et al.: Prevention/delay of Alzheimer’s disease by vestibular stimulation

33Journal of Medical Sciences and Health/Sep-Dec 2016/Volume 2/Issue 3

disease in down syndrome. Eur J Neurodegener Dis 
2012;1:353-64.

32. Uyanik M, Kayihan H. Down syndrome: Sensory integration, 
vestibular stimulation and neurodevelopmental therapy 
approaches for children. In: Stone JH, Blouin M, editors. 
International Encyclopedia of Rehabilitation. Available 
from: http://www.cirrie.buffalo.edu/encyclopedia/en/
article/48/. [Last accessed on 2016 May 01].

33. Uyanik M, Bumin G, Kayihan H. Comparison of different 
therapy approaches in children with Down syndrome. 
Pediatr Int 2003;45:68-73.

34. Edwards MA, Yuen MS. Heart rate response to vestibular 
stimulation in two children with Down’s syndrome: A pilot 
study. Aust Occup Ther J 1996;43:167-71.

35. de la Monte SM, Wands JR. Alzheimer’s disease is type 3 
diabetes-evidence reviewed. J Diabetes Sci Technol 
2008;2:1101-13.

36. Sailesh KS, Archana R, Mukkadan JK. Vestibular stimulation: 
A simple but effective intervention in diabetes care. J Nat 
Sci Biol Med 2015;6:321-3.

37. Athira MS, Sai Sailesh AR, Mukkadan JK. A pilot study 
on anti-diabetic effect of vestibular stimulation in alloxan 
induced diabetic model of wistar albino rats. Res J Pharm 

Biol Chem Sci 2015;6:1772-4.
38. Musiek ES, Xiong DD, Holtzman DM. Sleep, circadian 

rhythms, and the pathogenesis of Alzheimer disease. Exp 
Mol Med 2015;47:e148.

39. Kumar SS, Rajagopalan A, Mukkadan JK. Vestibular 
stimulation for stress management in students. J Clin Diagn 
Res 2016;10:CC27-31.

Financial Support: None; Conflict of Interest: None

How to cite this article:  Archana R, Sailesh KS, 
Abraham J, Mishra S, Reddy UK, Mukkadan JK. 
Prevention/delay of Alzheimer’s disease by vestibular 
stimulation: A hypothesis. J Med Sci Health 
2016;2(3):30-33.

Date of submission: 06-05-2016
Date of peer review: 12-07-2016
Date of acceptance: 18-08-2016
Date of publishing: 20-10-2016


