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ABSTRACT
Objective: Yoga is a mind-body modulation technique that
has been shown to have beneficial effects on various diseases
related to various systems in the body. However, the molecular
basis of mechanism of action is not clear. Hence, this study was
designed to study the leukocyte telomere biology and its relation
with homocysteine and oxidative stress in yoga practitioners.
Materials and Methods: This is a prospective case-control
study involving Yoga practitioners aged 30–40 y with minimum
of two years yoga practice (Yoga group) and age, gender and
body mass index matched sedentary healthy general population
with no medical problems (Control group). Leukocyte telomere
length (LTL) was measured by using quantitative PCR (qPCR),
fasting plasma homocysteine was measured by a rapid highperformance liquid chromatography assay and the oxidative

stress was assessed with total antioxidant status (TAOS),
malondialdehyde (MDA) measured by colorimetry.
Results: The LTL was shorter in control group than in yoga group
(p<0.001). The TAOS was more in yoga group when compared
to control group (p=0.008), MDA and homocysteine was high in
control group when compared to Yoga group (p<0.001). Further,
the LTL was positively correlated with TAOS (r=0.841, p<0.001)
and negatively correlated with MDA (r=-0.931, p<0.001) and
Homocysteine (r=-0.756, p<0.001).
Conclusion: The LTL is well-preserved in people who practice
Yoga regularly with lower systemic oxidative stress compared
to those who have a relatively sedentary lifestyle despite lack
of any medical disorders. The habitual yoga practice seems to
inhibit replicative cellular senescence.

Keywords: Malondialdehyde, Telomere, Total antioxidant status

Introduction

Telomeres are the extreme ends of DNA, composed of a large
number of tandem repeats of the series TTAGGG. Even though
the role of telomeres are not completely recognized, these are
responsible to maintain cellular stability [1,2]. Since DNA polymerase
can’t fully complete the replication of the 3’ end of linear DNA,
telomeres gradually diminish with repetitive cell division [3]. Earlier
studies signified that, it is the potential mechanism for a biological
clock determining cellular behaviour [4-6].
Moreover, the reduced telomere length was basically related with
short lifespan as well as an array of ageing-related conditions like
diabetes, cardiovascular disease, hypertension and dementia [7-10]
and also showed that, oxidative stress and inflammation plays key
role in the ageing and LTL can provide a record of the cumulative
burden of oxidative stress and inflammation rather only existing
metabolic status [11].
Yoga is fast emerging as an effective alternative and complementary
medicine discipline that can result in a positive mind-body modulation
[12]. Yoga in the form of Asanas (postures) and pranayama (breathing
exercises) and Dhyana (meditation and relaxation) has been shown
to be having positive effects on various systemic conditions including
cardiovascular diseases [13]. Studies have demonstrated Yoga is
a very effective adjunctive therapy in improving lipid profiles [14],
blood pressure [15], psychological well-being, and even regression
of atherosclerosis when combined with dietary and other lifestyle
modifications [16,17], improves quality of life, functional capacity
[17,18] cardiac function [19] heart rate, blood pressure, cardiac
autonomic function [20] oxidative stress and inflammation in heart
failure [21,22].
Even though, the positive effects of Yoga are demonstrated through
disease specific outcomes, the exact underlying mechanisms are
not very clear. There is evolving evidence behind the benefits of Yoga
are perhaps related to decrease sympathetic surge with improved
autonomic modulation, heart rate variability, decreased systemic
stress and inflammation.
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Data on the effects of Yoga on leukocyte telomere biology in yoga
practitioners were limited and its correlation to systemic stress
markers are not present. Therefore, this study was designed to
assess the leukocyte telomere length (LTL) and its relation to
oxidative stress and homocysteine levels in yoga practitioners.

Materials and Methods
Study design: This is a prospective case control study and
approved by the Institute ethics committee.
Study population: Healthy Yoga practitioners within the age group
of 30-40 y with no medical conditions and at least two years of Yoga
practice constituted the study group (Yoga group n=15). The inclusion
criteria consisted of 30-40 y with minimum two years of regular
yoga practice which includes asana, pranayama and meditation.
Subjects with chronic hypertension, known cardiovascular disease
and any other systemic diseases were excluded from the study.
Age, gender and body mass index matched general population with
no known medical conditions and did not participate in any form
of regular exercise activity other than activities of daily living were
enrolled to be the control group (n=18).
Blood Sampling and measurement of Total antioxidant
status (TAOS), Malondialdehyde (MDA) and Homocysteine
levels:
Venous blood was collected and waited till it clot, centrifugation was
done at 3,000 RPM at 4oC for 10 min (Remi-refrigerated centrifuge),
the serum was separated and stored at -800C. TAOS and MDA,
assessed in the form of Thiobarbituric acid reactive substances
(TBARS) were analyzed by utilizing a commercially obtainable kit
(Cayman chemical company, Michigan, USA). Total Homocysteine
in plasma was measured by Abbott IMX method.

Measurement of leukocyte telomere length (LTL)
Genomic DNA was extracted from blood samples by standard
procedures [23]. LTL was measured with a quantitative PCR which
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compares telomere repeat sequence copy number to single-copy
gene (36b4) copy number in a given sample and expressed as
telomere (T), single copy gene (S) ratio T/S [23]. All analyses were
blinded to the participant's identity.

Statistical analysis
Based on the assumption of a 20% or greater decrease in LTL in
5% of controls and at least 50% of the yoga practitioners, to obtain
a power of 80% the required sample size was calculated as 15
subjects in each group. The data are expressed as mean + SD.
The data were examined for normality. Once normality was ensured,
Independent ‘t’ test was used to test the difference between groups.
Pearson’s correlation was used to test the association of LTL with
TAOS, MDA, RER and Homocysteine levels. The null hypothesis
was rejected at p<0.05. Results were analyzed with SPSS software
v 16.0.

[Table/Fig-3]: Scatter plot showing the association between LTL and TAOS (r =
0.841; p = <0.001)

Results
All participants were reported to be free from cardiovascular disease,
no regular medications, and no present or past history of smoking
or alcohol intake.
The mean LTL length was significantly shorter in the control group
(1.41 + 0.06) than the yoga group (1.69 + 0.03, p<0.001 ). The TOAS
was significantly more in yoga group (control group: 0.70 + 0.38,
yoga group: 1.17 + 0.57; p=0.008). The MDA and Homocysteine
levels are significantly higher in the control group. MDA (control
group: 4.05 + 0.78, yoga group: 2.16 + 0.18; p<0.001) and plasma
homocysteine levels (control group: 9.77 + 1.44, yoga group:
5.76 + 1.27; p<0.001) were significantly lower in the control group
compared to the yoga group [Table/Fig-1].
S. No

Parameter

1

LTL (T/S)

Yoga Group
(n=15)

Control Group
(n=18)

p-value

1.69 + 0.03

1.41 + 0.06

<0.001

2

TAOS (mM)

1.17 + 0.57

0.70 + 0.38

0.008

3

MDA (uM)

2.16 + 0.18

4.05 + 0.78

<0.001

4

Homocysteine (umol/L)

5.76 + 1.27

9.77 + 1.44

<0.001

[Table/Fig-4]: Scatter plot showing the association between LTL and MDA (r = 0.931; p = <0.001)

[Table/Fig-5]: Scatter plot showing the association between LTL and Homocysteine
(r = - 0.756; p = 0.001)

[Table/Fig-1]: Between group differences of LTL, TAOA, MDA, Homocysteine
Data expressed as mean + SD; LTL=Leukocyte telomere length; TAOS=Total
antioxidant status; MDA=Malondialdehyde

The associations of LTL with TAOS, MDA and plasma homocysteine
were depicted in [Table/Fig-2]. As shown in [Table/Fig-3,4], LTL was
positively correlated with TAOS (r = 0.841; p < 0.001) and negatively
correlated with MDA (r = - 0.931; p < 0.001), [Table/Fig-5] showed
the negative correlation between LTL and homocysteine levels (r
= - 0.756; p < 0.001).

Discussion
Major findings: 1. LTL length is well-preserved and is longer in
people who practice yoga regularly. 2. The Total antioxidant status
(TAOS), Malondialdehyde (MDA), and Homocysteine levels are lower
with Yoga practice than those who don’t. 3. There is a negative
correlation between the LTL and markers of systemic stress.

S. No

Parameter

LTL
Yoga Group

Control Group

r-value

p-value

r-value

p-value

0.841

<0.001

0.840

<0.001

MDA (uM)

- 0.931

<0.001

0.161

0.524

Homocysteine (umol/L)

- 0.756

0.001

- 0.349

0.439

1

TAOS (mM)

2
3

[Table/Fig-2]: Association of LTL with TAOS, MDA and Homocysteine
Data expressed as mean + SD; LTL=Leukocyte telomere length; TAOS=Total
antioxidant status; MDA=Malondialdehyde

2

Yoga includes - physical postures (asanas), breathing exercises
(pranayama), meditation and relaxation (Dhyana). Regular practice
of yoga enhances the depth of breathing as well as adjusts the
chemoreceptor sensitivity [24]. The therapeutic potential of yoga
in various diseases, especially for life-style-related were studied
extensively. The key risk elements such as blood glucose, high
cholesterol, overweight and high blood pressure, which usually
associated with life-style-related conditions, can be reduced by
yoga practice [25-27]. Yoga facilitated to improve physical function
and reduced inflammatory markers in heart failure [21] and also
useful in the diabetes management [28], asthma [29] and chronic
insomnia [30]. Many reports depict that yoga practice may reduce
systemic stress, down regulate the hypothalamic-pituitary-adrenal
axis, which helps to reduce sympathetic nervous system activity
and enhance vagal activity [31].
The mechanism by which yoga may preserve the LTL is speculative
at this time. Oxidative stress enhances the telomere erosion with cell
replication [32] and short telomere length is associated with systemic
oxidative stress [33]. In this study, we assessed oxidative stress by
measuring TAOS which is the combined activity of all constituents,
including vitamins, proteins, lipids, glutathione etc., and MDA which
is a naturally occuring product of lipid peroxidation (LPO). LPO is a
well established mechanism of cellular injury. In this present study
the LTL was significantly associated with TAOS in both the groups,
whereas, the LTL was significantly negatively correlated with MDA
levels in yoga group, which indicates the reduction of LPO reduces
cellular injury and it slows down the shortening process of LTL. Earlier
studies reported the role of yoga in increasing the TAOS and reduction
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of MDA [34,35], our results are consistent with previous work. Further,
negative association of LTL with homocysteine in yoga group indicates
the proof for possible multisystem positive effects of yoga.
Study limitations and future implications: As this is a pilot cross
sectional study without follow-up, we couldn’t note the exact yoga
schedule, their diet pattern, and we didn’t recruit subjects with
wide variation in the age to avoid the effect of age on LTL and this
study cannot examine inter individual variability. This is a relatively
small study whose results should be interpreted carefully. However,
the results were compelling and form a solid basis to explain the
possible positive benefits of Yoga on the human body. This study
opens up many other questions as to the duration and intensity
of Yoga needed to evoke this positive signal and how long these
effects last. Further studies should conduct to study the effect and
duration of yoga, type of practices on LTL overtime.

Conclusion
The LTL is well-preserved in people who practice Yoga regularly
with lower systemic oxidative stress compared to those who have
a relatively sedentary lifestyle despite lack of any medical disorders.
The habitual yoga practice seems to inhibit replicative cellular
senescence.
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