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Abstract

Objectives- We studied the effect of a single bout of mindfulness meditation
on cardiovascular reactivity (CVR) to acute mental stress to devise a method
to assess and attenuate mental stress among Indian undergraduate medical
students.

Material and Methods- This was a pre- and post-comparative
interventional study conducted in thirty healthy male under- graduate
medical students. Anthropometric measurements, Heart rate and Blood
pressure readings were recorded during the assessment. These healthy male
undergraduate medical students were selected based on age criteria, history
of prior exposure to mindfulness meditation. Data of Pre-mindfulness
meditation reactivity (T1-R1) and Post mindfulness meditation reactivity
(T2-R2) were compared and analysed for significance to draw a conclusion.
Results- Systolic blood pressure reactivity when compared between Pre-
Mindfulness Meditation reactivity (T1-R1) and Post Mindfulness
Meditation reactivity (T2-R2) showed statistically significant results with p
value 0.01, with no significance seen between diastolic blood pressure
reactivity and Heart rate reactivity.

Conclusion - A significant difference in systolic blood pressure reactivity
after mindfulness meditation, points towards the role of mindfulness
meditation in decreasing sympathetic flow as opposed to its increased
sympathetic response seen during mental stress without mindfulness
meditation intervention

Index Terms— Mindfulness Meditation, Medical students,

Cardiovascular reactivity, Mental stress, Undergraduate students
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INTRODUCTION

The history of meditation practice in India could be
traced back to 5000 years ago, as evident from the text Yoga
Sutra Patanjali written roughly around 5000 BCE by the
great sage Patanjali, he defined Meditation/yoga as
‘Stillness of fluctuations of mind’*. The great sage Patanjali
is the pioneer of the Yoga system which is one of the 06
systems of Native Indian philosophy called ‘Shad
Darshanas’. He complied Sutras (aphorisms) about the
essential features and principles of Yoga with various Yoga
techniques, including the different meditation techniques
that were in vogue in ancient India, this compilation is the
very well-known the Yoga Sutra Patanjali. Mindfulness is
being in an attentive state and being aware of what is taking
place in the present movement?. Mindfulness mediation
deals with allowing thoughts to arise with a dispassionate
examination, and subsequently letting them fade away,
without emotionally reacting to any of it, it consists of
techniques of focusing attention in a non-analytical way
aiding in the non-active management of discursive,
persistent, or obsessive thoughts. Meta-analysis of the
studies about the mindfulness-based approach for the
management of mental stress has been found to produce
satisfactory and significant results in relation to the
reduction of stress, anxiety, and depression*>.

The father of stress research Hans Selye defined stress as
a “nonspecific physiological response to any threat that the
body encounters” ©, and the WHO website defined stress as
a “state of worry or mental tension caused by difficult situ-
ation”. Mental stress is a form of stress that occurs because
of events in one’s external or internal environment, resulting
in psychological anguish and anxiety’ and it is also accom-
panied by the exaggerated physiological response leading to
alteration in the homeostasis®®.

Mental stress affects an individual’s concentration, cog-
nition, and ability to make personal as well as professional
decisions®® and it has also been found to affect the autonomic
functions®, which act as risk factors for non- communicable
diseases such as Hypertension, Diabetes mellitus and
CADll,lZ.
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Undergraduate medical students undergo mental stress
right from the movement of the selection process to getting
enrolled into a medical college which apart from being diffi-
cult 3 is also intricate. Once enrolled, the medical college
education is known to be daunting and challenging amount-
ing to higher mental stress experienced by the students till
the degree is obtained'**> followed by which further prepa-
rations for joining graduate speciality courses also results in
a continuation of stress which would only increase further
when enrolled for higher speciality training and eventually
one starts to practice as Health care professional/ Qualified
registered medical doctor. The ability to handle stress gener-
ated during medical college education needs assistance® or
training or mental preparedness as medical professionals
live a greater part of their life being in Mental stress. It
would affect doctors professionally too since they are
expected to be at optimum conditions in emotional, physical,
and mental state for better delivery of Health care services
and since medical professionals themselves believe the same
as they consider their profession to be Nobel°

Among a few of the main systems documented to be
affected by mental stress are the hypothalamic- pituitary-
adrenal (HPA)axis and the Autonomic nervous system?’.
The parasympathetic nervous system tries to counteract the
changes to stress occurring due to the altered Sympathetic
nervous system and HPA axis and has a main role in adjust-
ing to changing variables during stressful conditions®*°,
Endocrine, nervous system and immunity interact with each
other to counteract the changes as a bodily response to
stress, during which it also alters cardiovascular response
t00?

Cardiovascular reactivity is defined as “change in Heart
rate and Blood pressure indicating the alteration in cardio-
vascular function”. Stress seems to have a direct correlation
with increased blood pressure due to initial nervous and fol-
lowed by sympathetic system activation within minutes of
exposure to stress??? and it has also been documented that
stress can delay blood pressure recovery to normal thus
alter- ing homeostasis. Mental stress initially increases the
heart rate and blood pressure which if not corrected will lead
to further activation of the sympathetic nervous system,
which in turn will cause vasoconstriction leading to further
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rise in blood pressure, deranged clotting profiles, altered
lipid levels, which will lead to vascular changes and it
further accentuate the probability of developing the
arrhythmias or myocardial infarction?®

With this study, we tried to answer for the lacunae about
the impact of a single bout of mindfulness meditation on
Cardiovascular reactivity to mental stress in undergraduate
medical students.

METHODOLOGY

This was a before and after comparative interventional
study, conducted over 12 months in the Department of
Physiology, Maulana Azad Medical College, New Delhi,
India after obtaining ethical clearance from the In-
stitutional ethics committee along with permission from the
Dean of Maulana Azad Medical College, New Delhi, India.
The Study participants healthy male
undergraduate medical students who have passed 1st prof
exams in the age group of 18-25years, with no previous
exposure to mindfulness meditation among those who have
a habit of smoking and alcohol intake, those who indulge in
regular physical exercise and Individuals with parental
history of Hypertension and Diabetes Mellitus are excluded.
After informed written consent, thirty healthy male
undergraduate medical students of Maulana Azad Medical
College, New Delhi, India in the mean age group of
21.50+1.10 years with a mean BMI of 22.63#1.64 kg/m2
were enrolled.

were normal

Recording of parameters- After study participants pro-
vided informed consent, research parameters were recorded.
They were evaluated in two stages: preliminary screening
and analysis of research parameters. During the first stage,
participants basic information such as their name, age,
residence, and any relevant sickness or treatment history
(based on inclusion and exclusion criteria) were recorded,
followed by study relevant personal history (e.g. smoking,
drinking habits) and parental history. During this stage, the
study participants were explained about the mindfulness
meditation session, as well as the procedure for recording
heart rate and blood pressure during the research session at
the ANS lab in the Department of Physiology at Maulana
Azad Medical College in New Delhi, India, end of this stage
I, we informed them to report to the ANS lab on the allocated
day for the stage of research parameter assessment.

Indian Journal of Psychological Medicine

The study participants were made to sit comfortably and relax for Smin after which Baseline Heart rate
(HR) and Blood pressure (BP) was recorded (R1)

%
Mental arithmetic test-I (MAT-I) for Smin.
9
HR and BP were recorded (T1)
Relaxation for 10minutes
9
HR and BP were recorded (R2)

Mindfulness meditation for 20minutes (video.mstruction of the qualified Mindfulness meditation
instructor)

Exposed to Mental arithmetic test-II (MAT - II) for Sminutes.
yet again HR and BP were recorded(T2)

Obtained data were tabulated in a MS Excel to prepare the Master sheet.

Figure 1 Flowchart of Assessment of Research-related
data

They have also been told not to consume caffeinated
beverages, such as tea or coffee, for at least 4-6 hours
before their research visit. During the next step, a brief
history of recent illness is taken before the session, and
once it has been examined, the assessment of research-
related data was done according to the flowchart below.
And at the end (T1-R1) and (T2-R2) were analysed.

Statistical Analysis for Meditation Study
Let 01 be the standard deviation before meditation and 02 be
the standard deviation after meditation.

Sample Size Formula

-

P T e T ;
11:(0-'4_6:)-@
(m, —m,)"

Figure 2 — Sample size formula

For a confidence level of 95%, the critical value is:

Zi1-4)=1.96
For a power of 80%, the critical value is:
Zi1-6)=0.842

Where: a = type I error
B = type Il error

m1l = mean of the sample before Meditation
m2= mean of the sample after Meditation
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A sample size of 116 was calculated as per the formula
above with a confidence level of 95 percent and a power of
80 percent, based on a 2013 study conducted on the effect of
mindfulness meditation on well-being. Considering the time
constraint and data of similar studies that have taken a
sample size of about 3040, a sample size of 30 study
participants has been preferred. Accordingly, 30 study
participants were enrolled after providing informed written
consent

TEST PROCEDURES AND PARAMETER
Mental arithmetic test (MAT) for 5 minutes:

Mental Arithmetic Test I (MAT-I):
Subjects were explained about the test procedure.

» They were then asked to serially subtract 17 from a
four-digit prime number (2479) in their mind

» They were instructed to say the answer to keep in pace
with a metronome that was making a sound at every 30
seconds; this was continued for 5 minutes.

Mental Arithmetic Test-11 (MAT-1I):
Subjects were explained about the test procedure.

* They were then asked to serially subtract 19 from a
four-digit prime number (3579) in their minds.

» They were instructed to say the answer to keep in pace
with a metronome that was making a sound every 30
seconds; this was continued for 5 minutes.

Cardiovascular reactivity (CVR):

Cardiovascular reactivity is the difference between BP or
HR after stress minus the basal value?*

Instruments used:
Digital BP Apparatus.
Intervention Used:

Single bout mindfulness meditation of 20 minutes duration.

STATISTICAL ANALYSIS

The data recorded was submitted for statistical analysis us-
ing the Statistical Package for the Social Sciences (SPSS,
software version 25). The statistical data was entered into
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the proforma, and accordingly, a paired t-test was applied
for pre-mindfulness meditation reactivity (T1-R1) and post-
mindfulness meditation reactivity (T2-R2) comparison. A p-
value <0.05 was considered significant.

RESULTS

Thirty undergraduate medical students were enrolled as
study participants to study their cardiovascular reactivity,
before and after mindfulness meditation. The various data
are listed below.

Demographic and Anthropometric Data

The mean age of the study participants, i.e., undergraduate
medical students (n = 30), was 21.50 # 1.10 years, while
the mean BMI of the students was 22.63 + 1.64 kg/m?.

Cardiovascular Reactivity (CVR)

The readings of blood pressure (BP) and heart rate (HR)
were taken at rest 1, rest 2, before and after mindfulness
meditation intervention post mental stress. The difference in
their reactivity was analyzed for significance.

Systolic Blood Pressure (SBP) Reactivity

As per the data in Table 3, difference between (T1-R1) and
(T2-R2) reactivity of SBP found to be statistically
significant with p value 0.01. This indicates significant
decrease in the systolic blood pressure after mindfulness
meditation intervention post mental stress.

Diastolic Blood Pressure (DBP) Reactivity

Table 3 shows, p value of the difference in diastolic blood
pressure reactivity between (T1-R1) and (T2-R2) to be 0.37,
suggesting decrease DBP after meditation was insignificant.

HR (bpm) Reactivity

Table 3 shows, difference in heart rate reactivity between
(T1-R1) and (T2-R2) to be statistically in-significant
(p=0.26), indicating no significant change in heart rate after
meditation intervention.

Summary: Significant difference seen in systolic blood
pressure reactivity between before meditation and after
meditation
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DISCUSSION

With this study, we evaluated the hypothesis that a single
bout of mindfulness meditation influences cardiovascular
reactivity to mental stress in study participants. The data ob-
tained was analysed for correlation and significant influence
of mindfulness meditation on cardiovascular reactivity after
exposure to mental stress. The study participants were in the
mean age group of 21.50+1.10 years with a BMI range of
22.63+1.64 kg/m2. Tables 1 and 2 show a shift towards
sympathetic dominance from R1 to Tl and R2 to T2,
characterized by increased systolic and diastolic blood
pressure along with a higher heart rate on exposure to acute
stress. This finding also points towards increased activation
of the sympathetic system as a stress response 28 A
significant increase in systolic blood pressure (129+11.43)
on exposure to acute mental stress before the intervention of
meditation indicates that acute exposure to mental stress
significantly increases systolic blood pressure. This result
upholds the findings of a 2011 study by Carroll D et al.,
about increased systolic blood pressure reactions to acute
mental stress. However, after the intervention, when
participants were exposed to mental stress, the systolic
blood pressure (126£11.36) has reduced comparatively.
When pre- and post-meditation reactivities were evaluated,
systolic blood pressure reactivity showed statistically
significant findings with p<0.01. These findings and
evaluations showed the effect of mindfulness meditation on
reducing sympathetic activity, as evident by reduced systolic
blood pressure values. Systolic blood pressure has a positive

correlation with acute stress 2° and increased sympathetic

flow . These results indicated role of mindfulness
meditation in modulating the altered sympathetic flow to

mental stress.

CONCLUSION

The intervention of twenty minutes of single bouts of mind-
fulness meditation in undergraduate medical students before
exposure to acute mental stress showed a decreased cardio-
vascular reactivity, with a significant decrease in systolic
blood pressure reactivity when compared between before
and after meditation reactivities which indicates the active
role of the Mindfulness meditation in decreasing
cardiovascular reactivity on exposure to acute mental stress.

Indian Journal of Psychological Medicine

LIMITATIONS

In the present study, a single bout of mindfulness meditation
of 20-minute duration was used; the duration of meditation

RECOMMENDATIONS

Future studies with both healthy male and female subjects to
evaluate the difference if any among them in cardiovascular
reactivity indicated by findings in BP and Heart rate
readings with an increased duration of single bout
mindfulness meditation may be done.
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TABLE 1 BEFORE MINDFULNESS MEDITATION REACTIVITY (T1-R1)

REST 1-(R1) _ TEST 1-(T1) T1-R1

SBP (mmhg)  119%9.71 129%11.43 10.307.61
DBP (mmhg) 72%6.87 78%10.58 5.878.27
HR (bpm)  75%10.93 80%13.43 5.47%6.90

TABLE 2 AFTER MINDFULNESS MEDITATION REACTIVITY (T2-R2)

REST 2(R2)  TEST 2(T2) T2-R2
SBP (mmhg)  119%10.80 126%11.36 6.60£8.65

DBP (mmhg) 73%7.64 77£8.07 4.53%5.82
HR (bpm) 72£10.19 77£11.68 0.26

TABLE 3 BEFORE AND AFTER MEDITATION REACTIVITIES (T1-R1) - (T2-R2)

T1-R1 T2-R2 P_value
SBP Reactivity ~ 10.30%7.61 6.60%£8.65 0.01 °
DBP Reactivity 5.87%8.27 4532582 0.37
HR Reactivity 5.47%6.90 4.17%7.99  0.26

GRAPH 1: BAR GRAPH OF HR AND BP PARAMETERS DURING REST 1 AND TEST 1
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would have been increased to 40 minutes, as it may have shown
more statistically significant results.

Two or more bouts of mindfulness meditation sessions may
have provided adequate time to document a better
sympathovagal balance when exposed to mental stress.

References

[1] Berentsen, K. B. (2015). Patanjali and neuroscientific
research on meditation. Frontiers in Psychology, 6,915.

[2] White, D. G. (2014). Chapter 2. In *The "Yoga Sutra of
Patanjali": A Biography* (pp. 18-52). Princeton Uni-
versity Press.

[3] Vyas, R., Dikshit, N. (2002). Effect of meditation on
respiratory system, cardiovascular system, and lipid
profile. *Indian Journal of Physiology and Pharmacol-
ogy*, 46(4), 487-491

[4] Marchand, W. R. (2012). Mindfulness-based stress re-
duction, mindfulness-based cognitive therapy, and Zen
meditation for depression, anxiety, pain, and psycho-
logical distressJournal of Psychiatric Practice, 18(4),
233-252

[5] Gonzalez-Valero, G., Zurita-Ortega, F., Ubago-
Jiménez, J. L., Puertas-Molero, P. (2019). Use of med-
itation and cognitive behavioral therapies for the treat-
ment of stress, depression, and anxiety in students: A
systematic review and meta-analysisInternational Jour-
nal of Environmental Research and Public Health,
16(22)

[6] Selye, H. (1978). The Stress of Life (rev.). McGraw Hill

[7] Rom, O., Reznick, A. Z. (2016). The stress reaction:
A historical perspective. Respiratory Contagion, 1-4

[8] Porges, S. W. (1995). Cardiac vagal tone: A physiolog-

ical index of stress. Neuroscience Biobehavioral Re-
views, 19(2), 225-233

Indian Journal of Psychological Medicine

RECOMMENDATIONS

Interventions like yoga, such as meditation, different asanas,
and breathing exercises, along with stress management, may
warrant to combat mental stress

arising from challenges in the personal or professional
spheres.

[91 Rotenberg, S., McGrath, J. J. (2016). Inter-relation be-
tween autonomic and HPA axis activity in children and
adolescents. Biological Psychology, 117, 16-25

[10] Draper, C., Louw, G. (2007). What is medicine and what
is a doctor? Medical students’ perceptions and
expectations of their academic and professional career.

Medical Teacher, 29(5), €e100-e107

[11] Lucini, D., Norbiato, G., Clerici, M., Pagani, M. (2002).
Hemodynamic and autonomic adjustments to real-life
stress conditions in humans. Hypertension, 39(1), 184-
188.

[12] Rozanski, A., Blumenthal, J. A., Kaplan, J. (1999).
Impact of psychological factors on the pathogenesis of
cardiovascular disease and implications for therapy.
Circulation, 99(16), 2192-2217

[13] Sood, R. (2008). Medical education in India. Medical
Teacher, 30(6), 585-589

[14] Cohen, S., Kessler, R. C., Gordon, L. U. (1995). Strate-
gies for measuring stress in studies of psychiatric and
physical disorders. In Measuring stress: A guide for
health and social scientists (pp. 3-26).

[15] Dyrbye, L. N., Thomas, M. R., Shanafelt, T. D. (2006).
Systematic review of depression, anxiety, and other
indicators of psychological distress among U.S. and
Canadian medical students. Academic Medicine, 81(4),
354-373.

[16] Dunn LB, Iglewicz A, Moutier C. A conceptual model
of medical student well-being: promoting re- silience
and preventing burnout. Academic Psychiatry,
2008;32:44-531

[17] Sharma MR, Kumar MP. Emotional intelligence and
stress coping styles: A study of doctors of private
hospitals in and around Chandigarh. Social Sciences,
2016;3(03):660-752.

2877




Ragini R / Afr. J .Bio. Sc. 6(15) (2024)

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[26]

Karrow NA. Activation of the hypothala- mic—
pituitary—adrenal axis and autonomic nervous system
during inflammation and altered programming of the
neuroendocrine-immune axis during fetal and neonatal
development: Lessons learned from the model
inflammagen, lipopolysaccharide. Brain, Behavior, and
Immunity, 2006 Mar 1;20(2):144-583

Muscatell KA, Eisenberger NI. A social neuroscience
perspective on stress and health. Social and Personality
Psychology Compass, 2012 Dec;6(12):890-9044

Lupien, S. J., McEwen, B. S., Gunnar, M. R., Heim, C.
(2009). Effects of stress throughout the lifespan on the
brain, behaviour and cognition. Nature Reviews Neu-
roscience, 10(6), 434-445.

Chrousos, G. P. (2000). The stress response and im-
mune function: Clinical implications. Annals of the New
York Academy of Sciences, 917(8), 38-67.

Glynn, L. M., Christenfeld, N., Gerin, W. (2002). The
role of rumination in recovery from reactivity: Cardio-
vascular consequences of emotional states. Psychoso-
matic Medicine, 64(5), 714-726.

Yaribeygi, H., Panahi, Y., Sahraei, H., Johnston, T. P,,
Sahebkar, A. (2017). The impact of stress on body
function: A review. EXCLI Journal, 16, 1057.

Jonathan, R., Krygier, J. A., Heathers, J. A., Shahrestani,
S., Abbott, M., Gross, J. J., Kemp, A. H. (2013).
Mindfulness meditation, well-being, and heart rate
variability: A preliminary investigation into the impact
of intensive Vipassana meditation. International Journal
of Psychophysiology, 89, 305-313.

Delgado, L. C., Guerra, P., Perakakis, P., Vera, M. N.,
del Paso, G. R., Vila, J. (2010). Treating chronic worry:
Psychological and physiological effects of a training
programme based on mindfulness. Behaviour Research
and Therapy, 48(9), 873-882.

Niva, W. J., Sekar, L., Manikandan, A., MaheshKumar,
K., Ganesan, T., Shriraam, V., Silambanan, S., Padma-
vathi, R. (2021). Mahamantra chanting as an effective
intervention for stress reduction among nursing profes-
sionals—A randomized controlled study. Advances in
Integrative Medicine, 8(1), 27-32.

Falkner, B., Kushner, H., Onesti, G., et al. (1981). Car-
diovascular characteristics in adolescents who develop
essential hypertension. Hypertension, 3(5), 521-527.

[28]

[29]

[30]

Page 2878 of 13

Carroll, D., Phillips, A. C., Der, G., Hunt, K., Benze- val,
M. (2011). Blood pressure reactions to acute men- tal
stress and future blood pressure status: Data from the 12-
year follow-up of the West of Scotland Study.
Psychosomatic Medicine, 73(9), 737-742.

Carroll, D., Ginty, A. T., Der, G., Hunt, K., Benzeval,
M., Phillips, A. C. (2012). Increased blood pressure
reactions to acute mental stress are associated with 16-
year cardiovascular disease mortality. Psychophysiol-
ogy, 49(10), 1444-1448.

Ponte Marquez, P. H., Feliu-Soler, A., Solé-Villa, M. I,
Matas-Pericas, L., Filella-Agullo, D., Ruiz-Herrerias,
M., Soler-Ribaudi, J., Roca-Cusachs Coll, A., Arroyo-
Diaz, J. A. (2019). Benefits of mindfulness meditation
in reducing blood pressure and stress in patients with
arterial hypertension. Journal of Human Hypertension,
33(3), 237-247



