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ABSTRACT
The current study was undertaken to assess the impact of selective vestibular exercises in limiting the
cognitive decline in hypertensive working women. The present study includes 10 cases of working women with
untreated pre-hypertension to stage I hypertension and 10 healthy age matched controls (working women),
after obtaining written and informed consent. Six minutes of vestibular exercises according to the Cawthrone
and Cooksey’s protocol for 12 weeks. We have not observed significant effects of vestibular stimulation by
exercises on blood pressure and cognition. Further detailed studies with higher sample size and longer
duration of intervention are recommended to explore the effects of vestibular exercises.
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INTRODUCTION
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High BP defined that systolic BP (SBP) 130–139 mmHg or diastolic BP (DBP) 80–89 mmHg fall into the
category of pre-hypertensive and SBP 140 to159 and DBP 90 to 99 mmHg as stage I hypertension, based on the
evidence of a modest increase in cardiovascular risk among individuals with such levels [1, 4]. Hypertension
(HTN) is associated with headaches, restlessness, sleep disturbance, anxiety, depression, decreased attention,
and also poor executive functioning [3]. Working women may experience high levels of stress [2]. Specific
cognitive functions are negatively affected by hypertension. Cognition can be defined as the means by which
one is aware of the processes of thinking and perceiving. It involves an awareness of sensation and usually its
cause. Numerous studies show an inverse relation between blood pressure level and cognition (i.e., higher
blood pressures are associated with lower cognitive function) [7]. Blood pressure in animals is found to be
consistently reduced by reducing sympathetic activity through vestibular stimulation [8]. Cognition can be
modulated by vestibular system through hippocampus, through HPA axis through limbic system and neo
cortex. Areas of brain which are involved in learning and memory are activated by vestibular stimulation [9].
The current study was undertaken to assess the impact of selective vestibular exercises in limiting the
cognitive decline in hypertensive working women.
METHODOLOGY
Study design:
The present study includes 10 cases of working women with untreated pre-hypertension to stage I
hypertension and 10 healthy age matched controls (working women), after obtaining written and informed
consent. The study was conducted at Little Flower Hospital and Research Centre, after obtaining approval from
institutional human ethical committee and obtaining permission from hospital authorities. The selection
criteria were as follows.
Inclusion criteria:
•

Working women age 25-50 yrs, working for 8 working hours.

•

Untreated SBP ≥ 130 mmHg but <160 mmHg, and DBP <100 mmHg. Not suffering from any other
disease or complications
Willing participants

•

Exclusion criteria:
•
•
•
•
•
•

pregnancy or postpartum <3 months
Body mass index (BMI) >40 kg/m2
current use of any medications or therapy including use of oral contraceptives
Use of dietary supplements known to affect BP
Any ear diseases or vestibular disorders
unwilling participants

Group A (n=10): Healthy working women without any intervention. (Control group)
Group B (n=10): Hypertensive working women with vestibular exercises for 12 weeks.
After recording baseline values, vestibular stimulation was administered for intervention group for 12 weeks.
Post intervention values were recorded after 12 weeks and compared.
Methods:
Vestibular Stimulation:
Six minutes of vestibular exercises according to the Cawthrone and Cooksey’s protocol [5,6] which
includes, walking in a straight line while looking sideways, throwing ball from one hand to the other by fixing
gaze on the ball, walking straight and throwing ball from hand to hand by fixing gaze on the ball. Duration of
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each exercise was fixed for two minutes by trial and error method.
Figure 1: Vestibular exercises

Vestibular exercises

a-Throwing ball from one hand to the other by fixing gaze on the ball
b-Walking in a straight line while looking sideways
c--Walking straight and throwing ball from hand to hand by fixing gaze on the ball

Outcome measures
All the parameters were recorded before and after intervention in all the groups.
1.

2.

3.

4.

5.

Immediate Word recall: About 20 words were read at a constant rate of one word every 2 seconds.
The participant was asked to recall immediately and write down as many words as possible from
memory within 60 seconds [11, 12]
Immediate Object recall: Subject was exposed to 20 objects that were placed on a table. The objects
included animal picture cards to household. The subjects were given 15 seconds to view the objects
before they were taken away. The subjects were then instructed to write down as many objects as
possible from memory in the given time of 60 seconds [11, 12].
Mini Mental State Examination (MMSE): The MMSE is a tool that can be used to systematically and
thoroughly assess mental status. It is an 11-question measure that tests five areas of cognitive
function: orientation, registration, attention and calculation, recall and language. The maximum score
is 30. A score of 23 or lower is indicative of cognitive impairment [13].
Letter Cancellation Test: The 26 letters of the English alphabet were jumbled and printed in black
color on a white sheet of paper. All the letters were evenly spaced out. The six letter cancellation task
consisted of a test worksheet which specified the six target letters to be cancelled and had a ‘working
section’ which consisted of letters of the alphabet arranged randomly in 22 rows and 14 columns. The
participants were asked to cancel as many of the six target letters as possible in the specified
time, i.e., 1 min, 30 sec [14].
Digit symbol substitution Test: This is the test for sustained attention and response speed. Quick
processing of information is needed to substitute the symbols accurately and quickly. A hundred
numbers will be randomly printed out on a paper. The subject will be instructed to draw a circle over
even numbers and a triangle over odd numbers. The time taken to substitute a symbol for all of the
100 digits will be recorded [12].

Data analysis: Data were analyzed by SPSS 20.0 version. Unpaired t test was used to observe significance of
difference in demographic data. One Way ANOVA followed by Bonferroni Post hoc test were applied to test
the significance. P value less than 0.05 was considered as significant.
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RESULTS
Figure 2 represents demographic data of the participants. No significant difference was observed in
demographic data of control and intervention groups. Followed by vestibular exercises, no significant change
was observed in blood pressure and cognitive tests (figure3-5).
Figure 2: Demographic data of the participants
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Data was presented as mean ±SD. (*P<0.05 is significant, **P<0.01 is significant, ***P<0.001 is significant).
Figure 3: Systolic, diastolic, pulse pressure and mean arterial blood pressure before and after vestibular
exercises.
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Figure 4: Digit symbol substitution Test (DSST), Letter Cancellation Test (SLC), Immediate Word recall test
scores before and after vestibular exercises.
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Figure 5: Immediate Object recall, Mini Mental State Examination (MMSE) scores of participants before and
after vestibular stimulation
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Data was presented as mean ±SD. (*P<0.05 is significant, **P<0.01 is significant, ***P<0.001 is
significant).
DISCUSSION
The present study was undertaken to observe the impact of selective vestibular exercises in limiting
the cognitive decline in hypertensive working women. We have not observed significant changes in blood
pressure and cognitive functions followed by vestibular exercises. Earlier studies reported decrease in systolic
and diastolic blood pressure in healthy females [15]. It was reported that disturbance to otolith system causes
instable blood pressure [16]. It was reported that vestibular stimulation alters blood pressure through
influencing sympathetic activity [17]. Anatomical connections were reported between vestibular nuclei and
autonomic nuclei [18, 19]. Vestibular stimulation also influences autonomic functions through parabrachial
nucleus [20]. In the present study we have not observed significant changes in blood pressure followed by
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vestibular stimulation.
Vestibular system was connected with brain structures mainly hippocampus, limbic system, neocortex
[21,22]. In fact for normally functioning vestibular system is essential for healthy hippocampus. Earlier studies
reported that vestibular stimulation improves cognitive functions. However, in the present study we have not
observed significant changes in cognitive functions [23]. This may be due to short term intervention and long
term intervention may be beneficial which need to be studied further.
CONCLUSION
We have not observed significant effects of vestibular stimulation by exercises on blood pressure and
cognition. Further detailed studies with higher sample size and longer duration of intervention are
recommended to explore the effects of vestibular exercises.
CONFLICTS OF INTEREST: Nil
REFERENCES
[1]

[2]
[3]
[4]

[5]
[6]
[7]

[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]
[16]

[17]
[18]

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, et al. Seventh report of the Joint
National Committee on prevention, detection, evaluation, and treatment of high blood pressure.
Hypertension. 2003; 42(6):1206-52.
N. Krishna Reddy, M. N. Vranda, Atiq Ahmed, B. P. Nirmala, and B. Siddaramu. Work–Life Balance
among Married Women Employees. Indian J Psychol Med. 2010; 32(2): 112–118.
Stephen D. Cha, Hiren P. Patel, David S. Hains, and John D. Mahan, “The Effects of Hypertension on
Cognitive Function in Children and Adolescents,” International Journal of Pediatrics, 2012; 2012.
V. Chobanian, G. L. Bakris, H. R. Black et al., “The seventh report of the joint national committee on
prevention, detection, evaluation, and treatment of high blood pressure: the JNC 7 report,” Journal of
the American Medical Association. 2003; 289(19), 2560–2572.
Cawthorne TE. The physiological basis of head exercises. J Chart Soc Physio Ther. 1944; 29: 106-7.
Cohen H S, Jerabeck J. Efficacy of treatments for posterior channel benign paroxysmal positional
vertigo. Laryngoscope (USA). 1999; 1099 (4): 584-90.
Christopher B. Brady, Avron Spiro, III, Michael Gaziano Effects of Age and Hypertension Status on
Cognition:The Veterans Affairs Normative Aging Study. Neuropsychology In the public domain 2005,
19(6), 770–777.
Kumar Sai Sailesh, Joseph Kurian Mukkadan Vestibular modulation of endocrine secretions – A review.
2014; 2(1):68-78.
Aswathy Gopinath, Archana R, Kumar Sai Sailesh and Mukkadan J.K Effect of caloric vestibular
stimulation on memory. Int J Pharm Bio Sci 2015; 6(3): (B) 453 – 459.
Sailesh Sai Kumar, George Jissa, J K Mukkadan. A study on difference in short-term memory in healthy
males and females of Kerala. Journal of Nobel Medical College. 2013; 2(4):57-61.
Hemamalini Ramasamy Vajravelu, Thilip Kumar Gnanadurai, Prabhavathi Krishnan, Saravanan Ayyavoo
Impact of Quantified Smoking Status on Cognition in Young Adults Journal of Clinical and Diagnostic
Research. 2015; 9(12): CC01-CC03.
Lezak MD. Neuropsychological Assessment. 5th. New York: Oxford University Press; 2012.
Folstein M, Folstein SE, McHugh PR “Mini Mental State” A Practical method for grading the cognitive
state of patients for the clinicians. Journal of Psychiatric Research, 1975; 12(3): 89-198.
Balaram Pradhan, H R Nagendra Normative data for the letter-cancellation task in school children
International Journal of Yoga 2008;1(2):72-75.
Mukkadan J K, Kumar Sai Sailesh, Archana R, Josena Jose, Udaya Kumar Reddy. Effect of different types
of vestibular exercises on blood pressure in healthy females. World J Pharm Sci.2016; 4(4): 162-165.
Emma Hallgren, Pierre-François Migeotte, Ludmila Kornilova, Quentin Delière, Erik Fransen, Dmitrii
Glukhikh, Steven T. Moore, Gilles Clément, André Diedrich, Hamish MacDougall, and Floris L. Wuytsa.
Dysfunctional vestibular system causes a blood pressure drop in astronauts returning from space. Sci
Rep. 2015; 5: 17627.
B.J. Yates, A. D. Miller. Physiological evidence that vestibular system participates in autonomic and
respiratory control. Journal of vestibular research. 1998;8(1):17-21.
Biaggioni I, Costa F, Kaufmann H, Vestibular influences on autonomic cardiovascular control in humans J

May–June

2017

RJPBCS

8(3)

Page No. 1733

ISSN: 0975-8585

[19]
[20]
[21]
[22]

[23]

Vestib Res 1998 8(1):35-41.
Yatesa BJ, Bronsteinc AM, The effects of vestibular system lesions on autonomic regulation:
Observations, mechanisms, and clinical implications Journal of Vestibular Research 2005 15:119-29.
Murakami DM, Erkman L, Hermanson O, Rosenfeld MG, Fuller CA. Evidence for vestibular regulation of
autonomic functions in a mouse genetic model. PNAS. 2002; 99: 17078-17082.
Smith PF. Vestibular-hippocampal interactions. Hippocampus. 1997;7(5):465-71.
Vitte E, Derosier C, Caritu Y, Berthoz A, Hasboun D, Soulié D. Activation of the hippocampal formation
by vestibular stimulation: A functional magnetic resonance imaging study. Exp Brain Res. 1996;112:
523–6.
Aswathy Gopinath, Archana R, Kumar Sai Sailesh and Mukkadan JK. Effect of caloric vestibular
stimulation on memory. Int J Pharm Bio Sci 2015 July; 6(3): (B) 453 – 459.

May–June

2017

RJPBCS

8(3)

Page No. 1734

