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The protective effect of yoga and other mind-body practices on cardiovascular health
and stress reduction has been proven. However, the specific influence of common yoga protocol
(CYP) on rate pressure product (RPP) and vascular stiffness in COVID-19 survivors requires
rigorous scientific investigation. The purpose of the current study was to assess how a standard
yoga program affected the vascular stiffness and RPP of COVID-19 survivors who had mild
illness. This prospective observational research included seventy-two people who sought care
at our hospital and had their COVID-19 diagnosis. Study participants were split up into a Yoga
group and a control group, age and gender-matched. Physical anthropometry, physiological
parameters and vascular stiffness indicators like brachial-ankle and carotid-femoral Pulse
Wave Velocity (b-a PWV and c-f PWV) and brachial and ankle Arterial stiffness Index (bASI and
aASI) were also assessed compared the effect of CYP at baseline and after three-month. Using
SPSS software, a post hoc test and analysis of variance (ANOVA) were used for the statistical
study. On day ninety of CYP practice, the yoga group displayed a notable decrease (p<0.05)
in heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), pulse pressure (PP), b-a PWYV, c-f PWV, bASI and aASI compared to baseline
values observed at the time of enrollment. Similarly, the control group showed no significant
alteration in physiological and vascular stiffness parameters at day ninety. The current study
unequivocally demonstrated the influence of CYP on HR, SBP, DBP, MAP, PWV and ASI in the
yoga group of COVID-19 survivors.

Keywords: Arterial Stiffness Index; Common Yoga Protocol; COVID-19 survivors;
Pulse Wave Velocity; Vascular Stiffness.

The COVID-19 pandemic has indeed had ~ fatalities . Various research studies showed that
significant global effects, impacting populations COVID-19 is associated with multi-systemic
worldwide with substantial numbers of cases and  disease apart from respiratory conditions >34,
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The link between COVID-19 and cardiovascular
complications has been a significant concern since
the early stages of the pandemic °. COVID-19 can
modify the functions of the cardiovascular system
in various ways, such as myocarditis, myocardial
infarction, arrhythmias, and thromboembolic
events (blood clots) &7.

Several mechanisms may contribute to
the cardiovascular complications associated with
COVID-19, including direct viral damage to the
heart and blood vessels, systemic inflammation
and cytokine release, destabilization of underlying
cardiovascular conditions, and endothelial
dysfunction ®.

A study suggested that COVID-19 may
affect the cardiovascular system, resembling
vascular ageing. A study examining the vascular
stiffness among COVID-19-survivors showed
increased PWV compared to controls °. For
example, COVID-19 has been connected with
endothelial dysfunction and vascular damage,
which lead to vascular stiffness '°. Vascular
stiffening refers to a reduction in arteries’ capacity
to dilate and constrict in reaction to modifications
in blood pressure. The reduced ability to stretch
the artery wall is frequently linked to anatomical
and functional alterations in the blood vessel walls.
An elevated chance of cardiovascular incidents,
like heart attacks, strokes, and heart failure, is
linked to vascular stiffness. It can also exacerbate
the workload on the heart and contribute to left
ventricular hypertrophy and impaired cardiac
function .

A good diet, regular exercise, yoga,
and managing cardiovascular risk factors are
modifications to one’s way of living that can help
stop or slow the progression of vascular stiffness.
In some studies, regular participation in yoga,
which usually combines breathing techniques,
meditation, and physical postures, has been
associated with lower vascular stiffness. Yoga is
considered a low-intensity exercise that focuses
on flexibility, strength, and relaxation, and it can
provide several cardiovascular and overall health
benefits. Studies examining the effects of yoga on
vascular stiffness have shown promising results,
with some demonstrating significant reductions in
vascular stiffness measures among individuals who
practice yoga regularly '2

The research aimed to determine whether
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vascular stiffness is lower in individuals who
regularly practice yoga than those who do not
participate among COVID-19 survivors. The
present study can provide insightful information
about the possible consequences of regular
yoga on vascular stiffness and contribute to our
understanding of yoga as a lifestyle intervention
for promoting vascular health among COVID-19
survivors.

MATERIALS AND METHODS

The current observational investigation
was carried out based on the guidelines of the
Declaration of Helsinki. All participants were
given written informed permission, and the
Institutional Ethics Committee approved the
protocol. (Reference BLDE(DU)/IEC/581/2021-
22).

Study Design and Overview

The present observational cohort study
was conducted at the Centre for Yoga and Exercise
Science, Department of Physiology, between
December 2021 and December 2022. Participants
reported for a basal recording from 9:00 am until
11:00 am, and physical, physiological and vascular
stiffness parameters of participants were measured.
The participants performed three months of CYP
training, including prayer, loosening practices,
asanas, pranayama and meditation . Following
three months, physical, physiological and vascular
stiffness parameters were measured.

Sample size

The total sample size for the study was
72, with each group containing 36, to reach an 80%
power level. A two-sided 5% significance threshold
is required to identify a real difference in test means
and the reference group of 301.1 (i.e., 580.1-279)
units, assuming a pooled standard deviation of
216.4 units p-value of less than 0.05 5.
Participants

Using online forms and multiple emails
regarding COVID-19 disease confirmed at the
current hospital in the past; we could enlist 72
participants age ranging from 20 and 24 who had
mild COVID-19 disease for this study. Individuals
with known smokers, alcoholics, uncontrolled
cardiometabolic illness or those on medication to
regulate blood pressure, cholesterol, or blood sugar
were not allowed to participate. Depending upon
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their willingness to be included in the yoga group,
participants were divided into two groups: control
(had not done yoga) and yoga (practiced at least
five days per week for at least twelve weeks).
Intervention

The participants received 60 minutes of
yoga instruction (the Common Yoga Protocol)
five days a week for three months. The Common
Yoga Protocol was employed, which consists of
pranayama, meditation, asanas (standing, sitting,
prone, and supine), and loosening techniques **.
We noted the participants’ daily attendance.
Outcome measures
Primary outcome: Vascular stiffness

Vascular parameters were measured using
a device known as a Periscope (Periscope, Genesis
Medical Systems, and India) '¢. Every recording
was done while lying flat. The brachial-ankle and
carotid-femoral pulse wave velocity (b-a PWV
and c-f PWYV) and arterial stiffness index (ASI)
(brachial and ankle) were recorded by the periscope
17,18
Covariates: Demographic

Participants were asked to self-report their
biological sex (male or female) and age (years/
months).
Covariates: anthropometry and physiological
parameters

Anthropometric parameters like height,
weight and Body Mass Index (BMI) were measured
by using standard procedures. Physiological
parameters like Heart rate, diastolic blood pressure
(DBP) and systolic blood pressure (SBP) were
measured by following standard procedures. All
the parameters were recorded three times for each
participant, and the average value was used. The
average blood pressure of SBP and DBP was used
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to calculate mean arterial pressure or MAP. The
difference between SBP and DBP was considered
as pulse pressure (PP). The rate pressure product
derived from the heart rate and systolic blood
pressure serves as a proxy for the amount of oxygen
that the heart consumes (MVO,) .
Statistical Analysis

We used SPSS version 20.0 to perform
statistical analysis. Standard deviations and means
are used to illustrate descriptive statistics. The
study employed one-way ANOVA and a post-
hoc test (Least Significant Difference) to assess
the differences in mean values of parameters
between the Control group before the yoga
intervention (Group 1), the Yoga group before the
yoga intervention (Group 2), the Control group
following the yoga intervention (Group 3), and the
Yoga group following the yoga intervention (Group
4).

RESULTS

Participant Demographics

The study screened 250 COVID-19
survivors, of whom 72 were eligible for
participation. The final analysis included 36
participants in each group (yoga and control) with
a balanced gender distribution (50% male, 50%
female). The yoga group practiced yoga an average
of five times per week.
Anthropometric parameters

ANOVA did not demonstrate a noteworthy
change in height, weight, and BMI among the
yoga and control groups before and after the
yoga intervention, ensuring that the groups were
comparable to the intervention (Table 1).

Table 1. Anthropometric characteristics among both Control group and Yoga group before and after yoga

intervention
Parameters Group 1 Group 2 Group 3 Group 4 ANOVA
20-24 years 20-24 years 20-24 years 20-24 years F value p Value
(n=36, M\:F=1:1) (n=36, M:F=1:1) (n=36, M:F=1:1) (n=36, M:F=1:1)
Weight in Kg 61.05+10.86 62.55+6.88 62.75+9.75 58.86+6.20"23 1.554  0.203
Height in cm 164.40+6.06 163.39+6.26 164.40+6.06 163.39+6.26 0.136  0.814
BMI in kg/m? 22.64+4.08 23.46+2.52 23.32+2.61 21.93+1.93123 2.027  0.113

Following ANOVA using the LSD method, post-hoc comparisons were performed between each group. Significance level: ‘p’

value <0.05. Male: M, female: F, and body mass index: BMI
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Physiological parameters

Following the intervention, the yoga
group demonstrated significant improvements (p
< 0.05) in several indicators when compared to
the control group (Table 2). Heart rate, systolic
and diastolic blood pressure, mean arterial blood
pressure, pulse pressure, and rate pressure product
all significantly decreased in the yoga intervention
group, according to an ANOVA (Table 2).
Vascular stiffness parameters

When compared to the control group, the
brachial-ankle pulse wave velocity, carotid-femoral
pulse wave velocity, brachial arterial stiffness
index, and ankle arterial stiffness index all revealed
a significant (p<0.05) decrease in the yoga group
(Table 3).

DISCUSSION

The current research investigated the
effects of a CYP intervention on anthropometric,
physiological and vascular stiffness parameters in
young adults who survived COVID-19 disease.
The main finding was that, after adjusting for age
and sex, participants who regularly practiced yoga
had far lower HR, BP, RPP, PWV and ASI than
non-yoga participants.

Baseline Characteristics and Group Equivalence

We specifically recruited participants
who had recovered from COVID-19 disease. We
recruited 250 participants who were confirmed
(RTPCR) diagnosed with COVID-19 disease, and
72 met the inclusion criteria. The final analysis
included 36 participants each in the yoga and
control groups, with a balanced gender distribution
(50% male, 50% female) in both groups. The yoga
group practiced yoga an average of five times
per week. Importantly, baseline characteristics
(weight, height and BMI) revealed that there were
no significant differences (p > 0.05) between
the control and yoga groups before the yoga
intervention (Table 1). This balanced enrollment
strengthens the study’s internal validity, as any
observed changes after the intervention can be
more confidently attributed to the yoga program.
Effects of Yoga Intervention on physiological
parameters

The yoga intervention resulted in
significant improvements (p < 0.05) in multiple
parameters when compared to the control group
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(Table 2). Among these improvements were
decreases in blood pressure, heart rate, and
rate pressure product. The parameters did not
significantly improve in the control groups.

The present research demonstrated
a significant decrease in heart rate after three
months of yoga intervention among the yoga
group. Numerous research investigations have
demonstrated that consistent pranayama lowers
resting heart rate 2?2, The relaxation response,
which is parasympathetic dominance brought on
by deep breathing and breath control techniques, is
assumed to cause this 2?2, Improved cardiovascular
health and a lower risk of heart disease are linked
to lower resting heart rates.

After three months of yoga intervention,
the yoga group’s systolic, diastolic, mean arterial,
and pulse pressures all significantly decreased,
according to the current study. It has been
demonstrated that pranayama techniques reduce
blood pressure, such as alternating nostril breathing
(Nadi Shodhana) and slow, deep breathing. By
encouraging relaxation and lowering sympathetic
nervous system activity, these methods lower BP
and cause vasodilation .

The rate pressure product (RPP) in the
present study decreased after yoga intervention in
the yoga group. The heart’s workload and oxygen
intake are measured by the rate pressure product.
It is calculated by multiplying the heart rate (HR)
by the systolic blood pressure (SBP) . Research
has demonstrated that yoga can decrease RPP
by lowering cardiac workload and improving
cardiovascular efficiency and pranayama decreases
the RPP after six weeks of training among
hypertensive patients .

Effects of Yoga Intervention on Vascular
Stiffness Parameters

Brachial-ankle and carotid-femoral
pulse wave velocity ( b-a PWV and c-f PWV) and
brachial and ankle arterial stiffness index (bASI
and aASI) are decreased in the present study after
yoga training in the yoga group. Higher levels of
PWYV and ASI are measures of vascular stiffness
and are associated with stiffer arteries and a higher
risk of cardiovascular disease. It is proven that yoga
intervention reduces vascular stiffness by lowering
sympathetic activity, promoting NO bioavailability,
and improving endothelial function # and regular
yoga practice is linked to a 0.3 ms decrease in
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central vascular stiffness compared to non-yoga
individuals .

According to researchers, a brief Bikram
yoga intervention significantly lowered the insulin
resistance index in older but not younger persons
and decreased vascular stiffness in young but not
older adults. An 8-week Bikram yoga intervention
was completed by twenty-four young individuals
and eighteen middle-aged and older adults. In
younger persons (p<0.05), there was a drop in the
a-stiffness index and an elevation in carotid artery
stretch ability (p<0.05), but not in older adults *'.

The role of deficiency of vitamin D in
the development of vascular stiffness has been
demonstrated in various studies which may
result in various cardiovascular diseases such
as hypertension *. Yoga might be helpful in the
reversal of these mechanisms as demonstrated in
various studies *-*.

The present study’s findings support other
studies showing yoga’s positive impact on blood
pressure, heart rate, and vascular stiffness. These
results imply that yoga can be an effective method
for improving cardiovascular health in young adults
who have recovered from COVID.

This study suggests that yoga is a safe
and effective non-pharmaceutical approach
to improving vascular health in young adults,
especially those recovering from mild COVID-19.
It may be a good option for individuals who cannot
participate in high-intensity exercise routines.

CONCLUSION

To conclude, regular yoga practice can be
a valuable strategy for promoting cardiovascular
health in young adults, including those recovering
from COVID-19 disease. Future research with
larger samples and longer durations is warranted to
confirm these findings and elucidate the underlying
mechanisms.
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