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Abstract

Yoga is a physical and mental discipline that forms part of Ayurvedic medicine, a comprehen-
sive and ancient holistic health system. Given the limited information available on the hemato-
logical and biochemical changes associated with the extended practice of yoga, the purpose of
the present study was to examine the effects of long-term yoga practice (more than three
years) on blood parameters. Twenty-six healthy volunteers of whom sixteen were advanced
practitioners of yoga took part in the study. The remaining ten participants were not
practitioners and constituted the control group. Blood samples were taken to determine the
following hematological parameters: erythrocytes, hematocrit, hemoglobin, platelets and
erythrocyte sedimentation rate; and biochemical parameters: renal and hepatic profile,
glucose, uric acid, total protein and albumin. The Mann-Whitney U test was performed to as-
certain the statistical analysis. The experimental group showed higher hemoglobin levels
(p>0.01) and erythrocyte sedimentation rate (p>0.01) and lower albumin levels (p>0.05).  The
regular practice of yoga brings about changes in basic hematological parameters. New clinical
trials with a wider sample of subjects will be needed in order to recommend the use of yoga as
a complementary therapy in those cases where the above-mentioned parameters are altered.
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Introduction

Yoga, a system of mental and physical exercise tech-
niques aimed at achieving a state of well-being in human
beings, originated some 6000 years ago in India and is
one of the elements of Ayurvedic medicine (the Science
of Life). While there are many different systems of yoga
practice, all essentially include breathing exercises,
physical postures and meditation. Traditional yoga is a
philosophy for living and thus is associated with a series
of behavioural modifications that contribute to a healthy
life-style.

Today yoga is included in mind/body strategies[1] de-
signed to promote good health that include relaxation
techniques, hypnosis, visualization, feedback, Qigong [2-
3],Tai Chi, meditation, autogenics, cognitive behavioural
therapy, group therapy and spirituality. All these strate-
gies are based on research into the connections between
the nervous, immune and endocrine systems, all of which
make up the basis of psychoneuroimmunology [4-6], the
essence of mind/body strategies, efficacious in many

illnesses and greatly sought after by the general public [7-
11].

The practice of yoga has proved useful both for the
healthy and for the sick. In the former, higher scores were
observed in variables such as the feeling of well-being,
energy and fatigue evaluated in the quality of life ques-
tionnaire SF-36 [12-13] and in subjective sleep quality
assessed by the Pittsburgh Sleep Quality index [14]. Bet-
ter spirometry results (FEVI and PEFR) were also ob-
tained when compared with those seen in athletes [15]. A
group of carers of the elderly also perceived a better state
of general health [16].

In addition, recent research has confirmed the therapeutic
effect on some diseases. Women subject to psychological
stress found significant improvement of their symptoms
after a three-month yoga program [17]. In anxiety disor-
ders, at least two comparative studies of yoga and medita-
tion techniques (mindfulness) revealed the same effec-
tiveness for both procedures [18-19]. The increase in
thalamic GABA levels observed after yoga practice
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would explain the improvement in anxiety disorders,
depression and multiple sclerosis where lower GABA
levels were found [20]. In diabetic patients a sustained
drop in glucose levels was achieved, both after fasting
and after eating and an increase in the number of insulin
receptors associated with decreased resistance was con-
firmed [21]. Yoga also acts as an essential variable in the
prevention of cardiovascular disease [22]. Clinical prac-
tice guidelines for chronic back pain recommend it for its
analgesic effect [23-24]. In tumoral processes, yoga con-
tributes to an improved quality of life by lowering stress
symptoms through the reduction of cortisol and Th-1
proinflammatory cytokines levels [25]. In disorders asso-
ciated with menopause, positive feelings and self-esteem
have increased and led to improving the quality of life
[26]. It has been observed that a three-month practice of
yoga for patients suffering from chronic renal insuffi-
ciency [27], undergoing haemodialysis, raises the red
blood cell count by 11%, the hematocrit by 13% and low-
ers pain by 37% tiredness by 55%, urea by 29% and
creatinine by 14% . In addition, as with other mind-body
strategies [28], yoga is an effective technique for reducing
stress and consequently can bring about clinical im-
provement in those processes where biopsychosocial
stressors of special intensity are involved (cancer, bron-
chial asthma, etc.).

With regard to biochemical parameters, we have assessed
the effects of yoga on the metabolic syndrome [29], on
the lipid [30] and renal profiles [31] and have observed a
certain modulating effect. However, changes in nutri-
tional indicators, such as albumin, after prolonged yoga
practice have yet to be studied in depth.

Given the limited information available on the hemato-
logical and biochemical changes associated with the ex-
tended practice of yoga, in this pilot study we assess the
influence that prolonged practice (more than three years)
has on the above-mentioned blood parameters.

Materials and Methods

Participants
Twenty-six healthy subjects (7 male, 19 female) aged
between 30 and 50 took part in this study. The difficulty
encountered in the selection of the sample, given the very
nature of the study, determined that the age range of par-
ticipants needed to be similar in both groups (control and
experimental) to preclude its influence on the results ob-
tained.

The experimental group consisted of 16 long-term yoga
practitioners (12 female and 4 male), while the control
group was made up of 10 ordinary subjects (7 female and
3 male). Male subjects constituted 30% of the control
group and 25% of the experimental group. The percentage

of female subjects in the control group was 70% and in
the experimental group, it was 75%. Thus, the gender
split was not more than 5%.

Experimental subjects were recruited from several yoga
centers in Malaga province. Control subjects were se-
lected from a group of healthy individuals with no disease
or suspicion of disease, programmed to go to hospital for
a routine medical check-up. These subjects were, there-
fore, not in hospital owing to any pathology that could
have compromised the representativity of the control
sample. These individuals were of the same age and sex
as the experimental group and followed a similar lifestyle
but had no experience of yoga or similar techniques.

All subjects volunteered to participate in the study and
gave written informed consent. A structured medical and
psychological interview was carried out for their selec-
tion. Subjects were screened to exclude both those with
any pathological conditions and those who had received
pharmacological treatment in the three months prior to the
experiment. Although all subjects were selected to be part
of the control and experimental groups, in the days fol-
lowing their initial interview, they were at all times un-
aware that a selection process was underway. Only
healthy subjects, with regular daily life habits, none of
whom took any type of drugs or played sports regularly,
were chosen to be part of the experimental or control
groups. Female participants were all within the first ten
days of their last menstrual cycle.

Table 1 summarizes information on sex, age, height and
weight of all participants. As can be seen, none of these
variables differed significantly between the control and
the experimental groups. Subjects in the experimental and
control groups were homogeneously distributed with
respect to their occupation.

Yoga Program
The attendance register confirmed that the experimental
subjects had been taking one-hour sessions, at least three
times a week for the last three years at a traditional
Sivananda yoga center. None of them had engaged in any
other regular physical activity. The same instructor led all
the training sessions and thus maintained the homogeneity
of the physical and mental protocol. The procedure began
with Surya Namaskar (Sun Salutation) and continued
with a session of 12 asanas or physical exercises (fixed
postures), each held for a certain length of time.
Pranayama (yogic –abdomen, thorax, cervical– breath-
ing), Savasana (physical, mental and spiritual relaxation)
and Dhyana (meditation, mental tranquillity, inner peace)
techniques accompany these exercises. Information ob-
tained on the subject practitioner at an initial meeting with
the yoga instructor ensured a homogeneous sample of
experimental subjects that met the inclusion criteria for
the trial.
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Blood sampling
Between 8.30 and 9.30 a.m, the same nurse took blood
samples from a forearm vein of all the participants, in
identical basal repose and fasting (more than eight hours)
conditions.

The clinical laboratories analyzed the following blood
parameters: erythrocytes, hemoglobin, hematocrit, plate-
lets, erythrocyte sedimentation rate (ESR), glucose, urea,
creatinine, uric acid, bilirubin, GOT, GGT, GPT, alkaline
phosphatise, total protein and albumin.

The following procedure was carried out on the blood
samples:

 Analysis of hematological parameters (erythro-
cytes, hemoglobin, hematocrit, platelets and ESR):
4.5 ml of blood in an EDTA tube, erythrocytes and
platelets analyzed by electronic impedance method;
hemoglobin by spectrophotometer; hematocrit by
numerical function of the mean corpuscular volume
(MCV). A Horiba ABX  Pentra DF-120 Analyzer
was used. Lastly, the ESR was carried out by
the Westergren method in which the sedimentation
rate of the red blood cells is measured in mm/first
hour.
 The biochemical analysis (glucose, urea,
creatinine, uric acid, bilirubin, GOT, GGT, GPT, al-
kaline phosphatase, total proteins and albumin) was
carried out according to the following protocol: 5 ml
of blood in biochemical tube with a polyacrylamide
gelatine separator and results were determined by
spectrophotometer, using a Dade Behring Laboratory
Dimension® analyzer.

Procedure
We used a quasi-experimental scheme. An initial meeting
held with the yoga instructor obtained information on the
practising subject and procured a homogenous sample of
experimental subjects to fulfil the inclusion criteria of the
study. All participants were interviewed at the start of the
study to establish sociodemographic data, relevant medi-
cal information and specific yoga practice protocol. Sub-

sequently they were given appointments for the blood
tests.

The design of our study did not contemplate a base line
condition and therefore the variables were measured only
once. The choice of this experimental design was condi-
tioned by the nature of the sample itself. The experimen-
tal group had of necessity, to be composed of yoga practi-
tioners with prolonged experience and therefore this re-
quirement rendered recording the initial measurements at
the start unfeasible. This data had obviously been docu-
mented many years previously.

Taking into consideration the scarcity of information
about the effects of prolonged and uninterrupted yoga
practice, we consider that the use of this design in a first
attempt to explore the changes associated with this prac-
tice is of major interest.

Statistical Analysis
The problems of normality and homoscedasticity of the
study determined the application of the non-parametric
Mann-Whitney “U” test to analyze the differences be-
tween the experimental and control groups of various
dependent variables: erythrocytes, hemoglobin and hema-
tocrit, ERS, glucose, urea, creatinine, uric acid, bilirubin,
GOT, GPT, GGT, alkaline phosphatase, total proteins and
albumin. These were done using the SPSS 13.0 data
analysis package for Windows.

Results

Results are displayed on Table 2. We found significant
changes between the Experimental and Control groups in
ESR, hemoglobin and albumin.

Hemoglobin in yoga group showed higher values: 14.68
versus control group 9.45 (p= 0.038). ESR values also
increased in the yoga group: 15.39 versus control group
of 8.45 (p=0.008). Albumin showed lower values in the
yoga group: 9.97 versus control group with 17.56 (p=
0.006). No significant changes were found in other vari-
ables.

Table 1. Mean ± standard deviation, and range (in brackets), of sex, age, height and weight in the control and yoga
groups (practice time), as well as statistic and p-value.

Variable Experimental group
(n=16)

Control group
(n= 10)

Statistic p-value

Sex 4 Men, 12 women 3 Men, 7 women χ2 0.08 0.78
Age (year) 39.68 ± 5.32 (30-51) 38.90 ± 3.69 (31-43) t= -0.50 0.68
Height (cm) 165.37 ± 10.19 (149-190) 168.60 ± 8.68 (157-180) t=  0.83 0.41
Weight (kg) 61.62 ± 12.65 64.60 ± 13.11 t=  0.57 0.57
Months of yoga practice 47 ± 3 -- -- --
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Table 2.  Mean, standard deviation (SD) in the control and yoga groups, as well as U-statistic

Parameters Yoga Group Control Group U
Erythrocytes 12,04 ± 0,32 13,15 ± 0,29 63,5
Haemoglobin 14,68 ± 0,93 9,45 ± 1,16 39,5*
Hematocrit 12,18 ± 2,43 12,95 ± 11,19 65,5
Platelet 11,21 ± 4,87 14,30 ± 4,78 52
ESR 15,39 ± 4,17 8,45 ± 1,68 29,5**
Glucose 11,91 ± 9,9 16,05 ± 6,05 54,5
Urea 13,66 ± 8,06 13,25 ± 7,13 77,5
Creatinine 14,78 ± 0,163 11,45 ± 0,68 59,5
Uric Acid 13,63 ± 1,68 13,30 ± 0,29 78
Bilirubin 13,56 ± 0,29 13,40 ± 1,03 79
GOT 14,34 ± 3,3 12,15 ± 4,9 66,5
GPT 13,00 ± 8,1 14,30 ± 12,33 72
GGT 12,81 ± 7,76 14,60 ± 9,25 69
Alkaline Phosphatasa 14,19 ± 11,99 12,40 ± 20,43 69
Total Proteins 14,97 ± 0,26 11,15 ± 0,46 56,5
Albumin 9,97 ± 0,25 17,56 ± 0,32 23,5**

Discussion

The principal findings of this trial were the presence of
higher levels of hemoglobin and erythrocyte sedimenta-
tion rate (ESR) and, when compared with the control
group, lower albumin levels associated with prolonged
yoga practice (longer than three years). To the best of our
knowledge, these are the first results referring to these
biological parameters in advanced practitioners.

The small size of the sample, together with the fact that
the biochemical measurements were established only
once could, to some degree, be considered a limitation to
the study. However, this limitation must be understood as
a consequence of the very nature and characteristics of
this study. Specifically, one of the most significant diffi-
culties we had to face in our research was the selection of
long-term yoga practitioners who had at no time inter-
rupted their practice and the selection of a control group
who conformed to similar characteristics.

The first notable fact to emerge is that although regular
yoga practice does generate a noticeable increase in he-
moglobin, this does not imply there is an increase in the
hematocrit values. This finding could partly explain the
cardioprotectant effect of yoga practice which improves
cell oxygenation by supplying red blood cells richer in
hemoglobin without modifying the percentage of red
blood cells in the total blood volume and consequently
without elevating blood viscosity which is an important
cardiovascular risk factor.

Certain authors have found that short-term yoga practice
(40 days) in patients with type II diabetes [32 brings
about a marked drop in levels of glycemia, and glycated

hemoglobin and a moderate rise of hemoglobin. In any
event, we still do not know how the mechanics of the
exercises function to bring about these modifications in
blood parameters.

A further explanation of the cardioprotectant factor of
yoga practice by the isolated increase in hemoglobin may
be justified by the anti-stress effect produced by para-
sympathetic dominance [33-34].

Recent studies [35-37] on cardiovascular reactivity have
confirmed that sympathetic stimulation conditioned by
stress raises blood pressure and thus, elevates the osmotic
pressure conditioning the flow of plasma from the vascu-
lar compartment to the interstitial compartment, increas-
ing blood viscosity.

The increase in hemoglobin values after regular yoga
practice might also add a new alternative therapeutic
focus in those clinical situations where a deficit of this
blood parameter is present.

The significant increase in the ESR in the group of yoga
practitioners (within normal levels) does not indicate any
inflammatory event but may play the role of modulator.
ESR is a sign of unspecific inflammation. It is simple and
cheap to obtain. It fluctuates easily, depending on the
metabolic activity of the blood cells [38] and presents an
important correlation with the serum levels of the differ-
ent reagents in the acute phase [39-42]. An experimental
study [43] indicates that emotional stress induced in rats
causes a qualitative and quantitative change in the oxida-
tion processes of the erythrocytes. Psychological stress
activates the oxidation processes at membrane lipid level,
modifying its permeability and disrupting the setting and
release of oxygen. This suggests that the changes could be
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the underlying mechanism in tissue hypoxia that plays an
important role in the pathogenesis of cardiovascular dis-
eases. Possibly the increase in the ESR in yoga practitio-
ners represents one more consequence of yoga’s antistress
effect [44] reducing the oxidation process and release of
free radicals at erythrocyte membrane level.

Measurement of ESR has been recently reappraised after
a meta-analysis permitted calculation of ischemic heart
disease risk among subjects according to hematocrit,
plasmatic viscosity and ESR [45].

A higher ESR presents additional interesting data, the
significance of which must be evaluated in future studies,
given its value as a variable warning in inflammatory
processes and a sign of ischemic heart disease risk [46-
47].

The lower levels of albumin observed in advanced yoga
practitioners have not been evaluated in any trial so far.
Previous studies on the subject have shown inconclusive
results albeit after a yoga practice period lasting only a
few weeks. Other authors have found [48] that after only
a short period of practice, albumin figures decreased
while yet another study on the effects of a six-week yoga
program showed no significant changes in albumin levels
[49].

Advanced level yoga practice includes paying special
attention to nutrition. An adequate diet is considered one
of the pivotal points of its holistic system. The yoga diet
is vegetarian and includes vegetables, cereals, fruit, and
legumes as well as dairy products and honey. In any
event, most of these foods contain enough protein so as
not to affect the albumin levels in blood. It is possible that
the nutritional habits of advanced practitioners of yoga
may explain these biochemical changes but further spe-
cific nutritional research will be necessary to determine
this fact.

Conclusions

In summary, the present work represents a first attempt to
explore the impact of long-term yoga practice on specific
hematological and biochemical parameters. The higher
levels of hemoglobin without changes in hematocrit and
increased ESR suggest a modulating effect that could
have interesting clinical implications. Further research is
needed to verify these preliminary results as well as to
assess their possible application as complementary ther-
apy.
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