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_ ABSTRACT

Background: Stress has negative effect on health and type 2 diabetes patients may be at an increased risk. Abnormally high
levels of free radicals and the simultaneous decline of antioxidant defense mechanisms can increase lipid peroxidation and
insulin resistance. The objective of the present study was to demonstrate the efficacy of yogic practice in geriatric patients
with type 2 diabetes mellitus and also to compare the efficacy with the state of glycaemic control.

Materials and Methods: Seventy three (73) healthy elderly patients of type 2 diabetes mellitus in the age group of 60 to 70
years with a history of diabetes for 5 to 10 years and with poor glycaemic control (HbA, >8 %) residing in Kozhikode district
were recruited for the study. The subjects were divided into three groups according to their glycaemic control. Group | with
HbA, 8.6-9.7 %, group Il with HbA, 9.8-10.7 % and group Il with HbA, 10.8-12.7 %. Participants did yogic practice under
the supervision of experienced trainer, daily 90 minutes and for three months. Biochemical estimation of HbA, , glucose, lipid
profile, cortisol, ferritin, malondialdehyde (MDA) and catalase activity were carried out on 0 day and 90" day. Seventy patients

participated in a comparable control session.

Results: The participants in the test group showed statistically significant (P < 0.001) decrease in glucose, HbA
cortisol, ferritin, MDA and significant increase in catalase activity after yogic practice.

Conclusions: Yoga may improve risk profiles induced by stress in geriatric patients with type 2 diabetes and may have
promise for the prevention or delay in diabetes complications. And at all stages of the disease a significant improvement can

be achieved by yogic practice in geriatric diabetes.
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INTRODUCTION

It is widely recognized that stress may have negative
effects on health and that patients with type 2 diabetes
may be at an increased risk. Stress is a term commonly
used in psychological, biological and medical sciences.
The concept of stress was developed in the 1930s by
the endocrinologist Hans Selye. It is defined as “the
non specific response of the body to any demand”. The
experience of stress is associated with the release of
counter regulatory hormones including cortisol and energy
mobilization. Cortisol counteracts with insulin and causes
enhanced glucose production by hepatic gluconeogenesis
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and by inhibiting the peripheral utilization of glucose™ and
contributes to the development of the entire spectrum of
the metabolic syndrome, including visceral obesity, insulin
resistance and dyslipidemia.™

Oxidative stress due to the production of reactive oxygen
species including free radicals and peroxides by cells
during metabolism of oxygen induces hyperglycaemia. Free
radicals are very reactive chemical species and can cause
damage to cellular proteins, membrane lipids and nucleic
acids eventually leading to cell death.®! Hydroperoxides
have toxic effects on cells both directly and through
degradation to highly toxic hydroxyl radicals. They may
also react with transition metals like iron or copper to form
stable aldehydes such as malondialdehydes that damage
cell membranes. Peroxyl radicals can remove hydrogen
from lipids, producing hydroperoxides that further
propagate the free-radical pathway. Increased oxidative
stress is a widely accepted phenomenon in the development
and progression of diabetes and its complications.™ Cells
manifest potent antioxidant defenses against reactive
oxygen species (ROS). Detoxifying enzymes that convert
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ROS to less reactive molecules are superoxide dismutase,
catalase and glutathione peroxidase.

Iron takes part in the formation of highly toxic free radicals
such as hydroxide and superoxide anions, which can
induce lipid peroxidation.t! Levels of plasma ferritin, a
biomarker of iron stores, are also elevated in persons with
prevalent diabetes as compared with non diabetic controls.
Elevated iron stores may induce diabetes through a variety
of mechanisms, including oxidative damage to pancreatic
beta cells, impairment of hepatic insulin extraction by the
liver, and interference with insulin’s ability to suppress
hepatic glucose production.

Most developed countries in the world have accepted the
chronological age of 65 years as a definition of “elderly”.
In the year 2002, the number of elderly people in India
was about 75 million and it is projected to rise to 9 % of
the total population by 2016 and from global perspective
the elderly will constitute one third of the total population
of the world by 2050. Health economic models have
suggested that benefits of treating glycaemia may be less
in older than in younger patients.”” Interest in and the use
of complementary and alternative medicine has recently
expanded in many countries around the world. Through
the use of complementary therapies, diabetic patients can
be alleviated from complications due to the chronic course
of the disease, the debilitation of complications and threat
of death, as well as the complexities of treatment plans.®

Yoga is an ancient Indian psychological and physical
exercise regimen and a number of controlled studies exist
on the effectiveness of Yoga on diabetes mellitus.” Yoga
includes meditation, relaxation, control of breathing and
various physical postures (asanas). Regular practice of
Yoga establishes natural harmony and functional balance
between various organ systems, leading to better health
and a feeling of well-being. Yogic practice strengthens
and increases the tone of weak muscles and helps with
conscious control over autonomic functions of the body.!*"!
It has been used clinically as a therapeutic intervention
and its practice develops correct breathing patterns,
behavioral modification and dietary control through
mental discipline.!'*1?

Although, Yoga may not be able to cure diabetes completely
in elderly patients, it can complement with the lifestyle
changes which are necessary to keep the symptoms in
diabetics under control and protect them from long term
complications. The advantages of Yoga as an option for
physical activity in diabetes are linked to a wider lifestyle
package with relaxation and stress management.™ So,
the objective of this study is to evaluate the impact of
yogic practice on stress and oxidant/antioxidant system
in elderly type 2 diabetic patients. For that, we estimated

a few related biochemical parameters glucose, HbA ,
lipid profile, cortisol, MDA, ferritin and catalase activity
levels in blood before and after 3 months of yogic practice.
Changes were observed and were compared with the
control group. They were matched with respect to age,
socio-economical status and glycaemic level in base line
parameters.

MATERIALS AND METHODS

This prospective study was conducted among type 2
diabetes mellitus patients during March 2009 to December
2010. The following two procedures for the recruitment of
subjects were adopted: (i) From among patients who visited
the diabetology department of the Malabar Institute of
Medical Science Ltd, Kozhikode and who were residents
of Kozhikode district, Kerala, India; (ii) news paper
advertisements were published by the investigators in the
local dailies giving information regarding the scientific
study, and inviting subjects to volunteer for the study.

Patients who were clinically diagnosed to have
complications like coronary artery disease, renal
disease, malignancies, acute infections and other major
complications were excluded from the study. A total of
143 healthy elderly patients of type 2 diabetes mellitus in
the age group of 60 to 70 years with a history of diabetes
for 5 to 10 years and with poor glycaemic control (HbA
> 8 %) residing in Kozhikode district were recruited
for the study. Informed consent was obtained from all
the subjects involved in the study and approval of the
institutional ethics committee was also obtained. All the
subjects belonged to the “middle class” by socioeconomic
considerations. They were literate and all were living
with their families. The participants had non vegetarian
food habits, and the diet patterns were also mostly similar
and this status was maintained during the study. Prior
to the study, all patients were on conventional medicine
(metformin) and during the study period they were advised
to continue the same medicine without alteration of the
dosage. The demographic characteristics are reported in
Table 1.

An educational program was conducted for the participants
to generate basic awareness in yogic practice in daily life.

Table 1: Demographic characteristics of participants
(mean=SD)

Test group Control group P value
Number 73 70 -
Age (years) 64+4 (47/26) 62+3.4 (41/29) 0.001
(male/female)
Duration of 8+2 8+2 1.00
diabetes (years)
BMI (kg/m?) 25.3+3.2 25+4.1 0.626
Weight(kg) 68.2+3.4 67.4+4.2 0.214
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The importance of Yoga and its beneficial effect in diabetic
patients was stressed. Those who were interested in yogic
practice joined in the test group and others remained
as controls. Seventy three patients who joined in the
test group, practiced Yoga in Yogabharathy Yoga Centre,
Vatakara, Kozhikode, for a period of three months under
the supervision of experienced trainer for 90 min a day
and six days a week. Every subject received personalized
attention and supervision during Yoga session. Each Yoga
session consisted of 15 min of pranayamas (breath-control
exercises), 10 min of warm-up exercises, 50 min of
asanas (yogic postures), and 15 min of supine relaxation
in savasana." All the participants were in good health
and they did Yoga practice with obvious enthusiasm;
they appeared to be in a relaxed manner throughout the
exercise period and liked the rhythmic movements of
Yoga. The 70 patients in the control group were asked
to maintain their routine activities such as walking and
other non specific exercises and not to begin any activity
program during the course of this study. The total patients
were again subdivided into three groups according to
their HbA  value: group 1 with HbA  8.6-9.7 %, group
2 with HbA  9.8-10.7 % and group 3 with HbA _ 10.8-
12.7 %. Fasting blood glucose, cholesterol, triglyceride,
HDL-cholesterol were estimated using Siemens Dimension
clinical chemistry analyzer and HbA, _ in Bio-rad D 10
analyzer, cortisol and ferritin in Cobas E 411 Immunoassay
analyzer. Lipid peroxidation was determined by measuring
malondialdehyde formed by thiobarbituric acid (TBA)
reaction.!”! Catalase activity was estimated by measuring
the rate of decomposition of H,0,.! All the parameters
were assessed in zero day and 90" day in fasting blood
sample in both test and control groups. All estimates were
presented as means +/- SE. In this single-blinded study the
clinician (who conducted the biochemical assessments)
was blind to the group status of the patients.

Statistical analysis

The normality of the variables considered was tested
using Kolmogorov - Smirnov test and we found that except
triglyceride and HDL - cholesterol, all other parameters
followed normal distribution. So we tested the effect of
yogic practice on the levels of triglyceride and HDL -
cholesterol using Wilcoxon Signed Rank test and paired
t test for other variables. The difference between the

triglyceride levels of control and test group at base line
values of TGL and HDL-cholesterol were analyzed by
Mann-Whitney Test and independent sample ¢ test for
other variables. SPSS 16.0 program and Microsoft Excel
2003 were used to perform statistical analysis. Level of
significance was set at P < 0.05.

RESULTS

Of the 143 geriatric patients in the study with type 2
diabetes, there were 88 males and 55 females. Subjects
matched according to age and gender and the mean age
were similar in control and test groups [Table 1]. There was
no significant gender-specific difference in demographic
and biochemical parameters measured in the study. All
143 patients completed the study by participating in the
three months assessment. Significant decrease (P = 0.000)
was observed for HbA, after 3 months yogic practice in
group I (9.40 = 0.050 to 8.36 = 0.05 %), group II (10.17
+ .046 to 8.9 * 0.048 %) and group III (11.22 = 0.069 to
10 *+ 0.086 %). In contrast to this, a significant increase
with P = 0.005 in control group I (9.27 * 0.049 to 9.36
+ 0.057 %) and P=0.000 in control group II (10.17 *
0.063 to 10.31 = 0.083 %) and control group III (11.48 =
0.187 to 11.80 = 0.178 %) was observed. The percentage
reduction in HbA of test group I, Il and III was 11.0, 12.0
and 12.2 respectively [Table 2]. There was also a significant
decrease (P =0.000) observed in the test group of fasting
glucose, total cholesterol, LDL-cholesterol, triglyceride
and T.chol/HDL ratio. For glucose in test group I the values
decreased from 179.7 + 6.23 to 140 = 6.02 mg/dl (20 %),
but in control group I a significant increase (P = 0.005)
from 148 * 2.08 to 150.97 = 2.28 mg/dl was observed
[Table 3]. In test group II the decrease was from 184.12 =+
7.07 to 146.81 = 5.53 mg/dl (20 %) and in control group
IT the significant increase (P=0.036) was from 179.81 *+
6.63 to 183.71 = 6.89 mg/dl [Table 4]. In test group III the
decrease was from 176.93 = 8.7 to 142.21 = 7.93 mg/dl
(19 %) and in control group III there were no significant
changes observed [Table 5]. For cholesterol in test group
I the changes were from 229.88 * 6.13 to 202.82 *+4.67
mg/dl (11.7 %) and no significant change noticed in
control group 1(223.46 = 8.01 to 226.05 * 7.54 mg/dl)
[Table 3]. In test group Il the decrease was from 239.08 + 6.86
mg/dl to 207.27+ 5.61 (15.3 %) and no significant changes
in control group II (215.29 * 9.51 t0218.38 = 9.01mg/dl)

Table 2: HbA, values before and after yogic practice of test groups and comparison with control groups.

Variables Group | Group Il Group |l
Control Test Control Test Control Test
Number 37 33 21 26 12 14
HbA, (%)
Before 9.27+0.049 9.40+0.050t 10.17+0.063 10.17+0.046t 11.48+0.187 11.22+0.0691
After 9.36+0.057 8.36+0.05 10.31+0.083 8.9+0.048 11.80=0.178 10+0.086
P value 0.005* 0.000** 0.000* 0.000** 0.000* 0.000**
% change after yoga - 11.0 - 12.0 — 12.2
Values represent mean=SE; t: No significant difference in the initial readings of control and test; *Significant increase; **Significant decrease
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Table 3: Glucose and lipid profile values before and after yogic practice of test group | and comparison with control

group |
Variables Group | P value % change
Before After after yoga
Glucose (mg/dl)
Control 148.46=2.08 150.97+2.28 0.05* 22
Test 179.7+£6.23 140+6.02 0.000**
P=0.000
Cholesterol (mg/dl)
Control 223.46+8.01 226.05+7.54 0.124* 1.7
Test 229.88+6.13 202.82+4.67 0.000**
P=0.527*
Triglyceride (mg/dl)
Control 141.05=15.1 151.78+15.02 0.000* 23
Test 159.39+10.28 122.88+7.78 0.000**
P=0.061*
HDL — cholesterol (mg/dl)
Control 46.03+1.83 42.78+1.5 0.000** 9.3
Test 43.45=1.58 47.51=2.03 0.000*
P=0.197%
LDL — cholesterol (mg/dl)
Control 147.84+6.45 152.76+6.01 0.029* 18
Test 154.21+5.79 126.39+4.92 0.000**
P=0.465*
T. Chol/HDL ratio
Control 5.15=0.30 5.5+0.29 0.000* 23
Test 5.47+0.21 4.17+0.14 0.000**
P=0.402*

Values represent mean=SE; *: Significant increase; **: Significant decrease; 1: Not significantly changed

Table 4: Glucose and lipid profile values before and after yogic practice of test group

Il and comparison with control

group I
Variables Group I P value % change
Before After after yoga
Glucose (mg/dl)
Control 179.81+6.63 183.71+6.89 0.036* 20
Test 184.12+7.07 146.81+5.53 0.000**
P=0.659*
Cholesterol (mg/dl)
Control 215.29+9.51 218.38+9.01 0.331% 15.3
Test 239.08+6.86 207.27=5.61 0.000** ’
P=0.05¢
Triglyceride (mg/dl)
Control 158.62+18 166.86+16.67 0.021* 29
Test 178.58+13.92 138.65=10.45 0.000**
P=0.239%
HDL — cholesterol (mg/dl)
Control 50.52+3.48 47.76+2.39 0.148¢ 132
Test 43.35+2.32 49.1+2.83 0.000* ’
P=0.097+%
LDL — cholesterol (mg/dl)
Control 133.38+9.68 137.19+8.84 0.142% 20
Test 159.96=6.62 127.42=4.77 0.000**
P=0.029
T. Chol/HDL ratio
Control 4.67=0.37 4.81+0.33 0.087+* 29
Test 5.77=0.29 4.14=0.16 0.000**
P=0.027

Values represent mean=SE; *: Significant increase; **: Significant decrease; 1: Not significantly changed

[Table 4]. In test group III the decrease was from
224.93 = 5.85 to 197 * 5.38 mg/dl (13.6 %) and a
significant increase (P = 0.035) was observed (215.17

+ 8.65 to 221.92 = 10.24 mg/dl) in control group III
[Table 5]. In LDL- cholesterol the decrease in the test group
I was from 154.21 * 5.79 to 126.39 * 4.92 mg/dl (18 %)
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Table 5: Glucose and lipid profile values before and after yogic practice of test group Ill and comparison with control

group Il
Variables Group I P value % change
Before After after yoga
Glucose (mg/dl)
Control 235+11.57 235.33+10.76 0.922+¢ 19
Test 176.93+8.7 142.21+7.93 0.000**
P=0.001
Cholesterol (mg/dl)
Control 215.17+8.65 221.92+10.24 0.035* 13.6
Test 224.93+5.85 197.86+5.38 0.000**
P=0.361%
Triglyceride (mg/dl)
Control 117.58+13.10 127.08+10.98 0.065* 18
Test 159.86=15.2 131.14=11.96 0.000**
P=0.067¢
HDL — cholesterol (mg/dl)
Control 54.52+3.71 51.5+2.65 0.206¢ 10
Test 46.14%+2.92 50.79+2.55 0.001*
P=0.85%
LDL - cholesterol (mg/dl)
Control 137.25+10.62 145+11.3 0.001* 13.6
Test 146.71+6.56 120.86+5.60 0.000**
P=0.458¢
T. Chol/HDL ratio
Control 4.25=0.44 4.58+0.44 0.000* 21
Test 5.16+0.38 4.07+0.27 0.000**
P=0.139¢

Values represent mean=+SE; *: Significant increase; **: Significant decrease; *: Not significantly changed

and the significant increase (P = 0.029) in control group
I was from 147.84 = 6.45 to 152.76 * 6.01 mg/dl [Table
3]. In test group II the decrease was from 159.96 *+ 6.62
to 127.42 = 4.77 mg/dl (20 %) and increase in the control
group II was not significant (133.38 = 9.68 to 137.19 *
8.84 mg/dl) [Table 4]. In test group III the decrease was
from 146.71 = 6.56 to 120.86 *= 5.60 mg/dl (13.6 %) and
a significant increase (P = 0.001) from 137.25 * 10.62
to 145 * 11.3 mg/dl was observed in control group III
[Table 5]. For triglyceride in test group I the decrease was
from 159.39 *+ 10.28 mg/dl to 122.88 + 7.78 mg/dl (23 %)
and the increase observed in control group I from 141.05
+ 15.1 t0151.78 = 15.02 mg/dl was also significant (P
= 0.00) [Table 3]. In test group II the decrease was from
178.58 = 13.92 to 138.65 * 10.45 mg/dl (22 %) and in
control group II a significant increase (P = 0.021) was
observed from 158.62 = 18 to 166.86* 16.67 mg/dl
[Table 4]. In test group III the decrease was from 159.86
+ 15.2 to 131.14 * 11.96 mg/dl (18 %) and the increase
in control group III was not significant (117.58 = 13.10
mg/dl to 127.08 * 10.98 mg/dl) [Table 5]. For T.chol/
HDL ratio the decrease in the test group I was from5.47
+ 0.21 to 4.17 = 0.14 mg/dl (23 %) and in control group
I the increase observed from 5.15 = 0.30 to 5.5 = 0.29
mg/dl was significant (P = 0.00) [Table 3]. In test group II
the decrease was from 5.77 = 0.29 to 4.14 + 0.16 mg/dl
(29 %) and increase in the control group II was not
significant (4.67 = 0.37 to 4.81 * 0.33 mg/dl) [Table 4].
In test group III the decrease was from 5.16 = 0.38 to 4.07

+ 0.27 mg/dl (21 %) and the increase observed in control
group III from 4.25 *= 0.44 to 4.58 = 0.44 mg/dl was
significant (P = 0.000) [Table 5]. For HDL-cholesterol in
test group I a significant increase (P = 0.00) was observed
from 43.45 + 1.58 to 47.51 * 2.03 mg/dl and the decrease
observed in control group I from 46.03 = 1.83 to 42.78 =
1.78 mg/dl was also significant (P = 0.000) [Table 3]. In
test group II the change was from 43.35 = 2.32 to 48.1 =
2.83 mg/dl (P = 0.000) and in control group II the decrease
was not significant (50.52 * 3.48 to 47.76 = 2.39 mg/dl)
[Table 4]. In test group III the increase was from 46. + 2.92
t050.79 = 2.55 mg/dl (P = 0.001) and in control group III
the decrease was not significant (54.52 = 3.71 to 51.5 =
2.65 mg/dl) [Table 5]. The percentage of increase in test
groups I, I and III were 9.3, 13.2 and 10.0 % respectively.

Significant decrease (P = 0.000) was observed for cortisol,
ferritin and MDA in all three test groups. For cortisol in
test group I the values decreased from 21.05 + 0.67 to
17.05 = 0.48 pg/dl (19 %) and the increase in control
group I from 20.42 = 0.65 to 20.49 = 0.70 ug/dl was not
significant [Table 6]. In test group II the decrease was from
24.58 = 1.38 t019.43 + 1.01 pg/dl (21 %) and in control
group II there was no significant change observed (23.59
+ 0.72 to 23.87 = 0.81pg/dl) [Table 7]. In test group III
the decrease was from 27.82 + 2.63 to 21.02 + 1.72 ug/dl
(24.4 %) and in control group III a significant increase (P =
0.000) from 27.7 #+ 1.00 to 28.69 + 1.14 ug/dl was observed
[Table 8]. For ferritin in test group I the decrease was from
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Table 6: Change in blood cortisol, ferritin, MDA and
catalase activity in elderly diabetic patients before and
after yogic practice in group |

Table 7: Change in blood cortisol, ferritin, MDA and
catalase activity in elderly diabetic patients before and
after yogic practice in group Il

Variables Group | P value % change Variables Group |l P value % change
Before After after yoga Before After after yoga
Cortisol (ug/dl) Cortisol (ug/dl)
Control 20.42+0.652 20.49+0.70 0.428* 19 Control 23.59+0.72 23.87+0.81 0.083% 1
Test 21.05+0.67 17.05+0.48 0.000** Test 24.58+1.38 19.43+1.01 0.000**
P=0.508*% P=0.531%
Ferritin (ng/dl) Ferritin (ng/dl)
Control 202.05+10.24 202.05+10.24 1.00 145 Control 237.86+13.72 237.86+13.72 1.00 145
Test 227.06+6.61 194.03+6.50 0.000** ' Test 230+6.8 196.85+6.52 0.000** ’
P=0.05* P=0.612¢
MDA (nmol/dl) MDA (nmol/dl)
Control 50.52+1.86 51+2.88 0.518t¢ 25 Control 50.88+1.67 54.25+2.63 0.061* 99
Test 49.77+2.62 37.23+1.88 0.000** Test 50.08+3.09 38.92+2.29 0.000**
P=0.913¢% P=0.825¢%
Catalase (units) Catalase (units)
Control 3.99+0.14 3.9+0.21 0.4514% 47 Control 3.72+0.31 3.61+0.36 0.515¢ 45
Test 3.93+0.61 5.81+0.49  0.000* Test 4.05+0.47 5.89+0.42  0.000*
P=0.931% P=0.573%

Values represent mean=+SE; *: Significant increase; **: Significant decrease;
t: Not significantly changed

Values represent mean=+SE; *: Significant increase; **: Significant decrease;
t: Not significantly changed

Table 8: Change in blood cortisol, ferritin, MDA and catalase activity in elderly diabetic patients before and after

yogic practice in group lll

Variables Group I P value % change
Before After after yoga
Cortisol (ug/dl)
Control 27.7+1.00 28.69+1.14 0.000* 04 4
Test 27.82+2.63 21.02+1.72 0.000** ’
P=0.964*
Ferritin (ng/dl)
Control 232.67+16.30 232.67+16.30 1.00 14
Test 252.57+10.3 220.29+10.43 0.000**
P=0.315¢*
MDA (nmol/dl)
Control 56.33+1.78 62.5+2.76 0.007* 08
Test 57.5+2.76 41.25+1.63 0.000**
pP=0.72%
Catalase (units)
Control 3.88+0.35 3.63+0.47 0.171 44
Test 4.1+0.64 5.92+0.50 0.000*
P=0.774*

Values represent mean=SE; *: Significant increase; **: Significant decrease; F: Not significantly changed

227.06 * 6.61 to 194.03 +6.5 ng/dl (14.5 %), [Table 6] in
test group II from 230 * 6.8 to 196.85 = 6.52 ng/dl (14.5
%), [Table 7] in test group III from 252.57 = 10.3 t0220.29
+ 10.43 ng/dl (14 %) and 10.43 ng/ d1 (14 %) [Table 8] and
no significant changes noticed in control groups (202.05
+ 10.24 to 202.05 = 10.24 ng/dl).

For MDA the decrease in the test group I was from 49.77 +
2.62 10 37.23 = 1.88 nmol/dl (25 %) and the increase in the
control group I was not significant (50.52 = 1.86 to 51+ 2.88
nmol/dl) [Table 6]. In test group II the decrease was from
50.08 * 3.09 to 38.92 + 2.29 nmol/dl (22 %) and increase
in the control group II was not significant (50.88 = 1.67 to
54.25 * 2.63 nmol/dl) [Table 7]. In test group III the decrease
was from 57.5 + 2.76 to 41.25 + 1.63 nmol/dl (28 %) and

the increase observed in control group III from 56.33 + 1.78
to 62.5 = 2.76 nmol/dl was significant (P = 0.007) [Table 8].
The increase observed in catalyses activity was significant
(P = 0.000) in all three test groups. In test group I the
increase was from 3.93 = 0.61 to 5.81 = 0.49 units and the
decrease observed in control group I was not significant
(3.99 +0.14 to 3.9 =0.21 units) [Table 6]. In test group I
the decrease was from 4.05 + 0.47 to 5.89 * 0.42 units and
in control group II the decrease was not significant (3.72
+ 0.31 to 3.61 = 0.36 units) [Table 7]. In test group III the
increase was from 4.1 + 0.64 to 5.92 = 0.5 units (P=0.001)
and in control group III the decrease was not significant
(3.88 = 0.35t0 3.63 = 0.47 units) [Table 8]. The percentage
of increase observed in test groups I, II and III were 47, 45
and 44 % respectively. There was no significant changes
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(P > 0.05) for the values of control and test group in initial
observations except for glucose in group I (P = 0.000),
LDL-cholesterol (P = 0.029) and T chol/HDL ratio (P =
0.029) in group II.

DISCUSSION

The number of people affected with type 2 diabetes has
reached epidemic proportions worldwide. Diabetes is
associated with a variety of metabolic abnormalities,
principal among which is hyperglycaemia. Stress may
aggravate the condition. The present study reveals the
positive effects of yogic practice on stress, oxidative
stress and antioxidant status in elderly type 2 diabetics
over a 3 months period. Significant decrease was
observed in fasting glucose, total cholesterol, triglyceride,
LDL-cholesterol, T.chol/HDL ratio and a significant
increase in the HDL - cholesterol after yogic practice in
all the three test groups. Malhotra et al., have reported
that an improvement in the lipid profile after practicing
yogasana is associated with glycaemic control for the age
group 30 to 60 years."”! Our study was consistent with
this and the group analysis indicated that after yogic
practice, percentage of reduction in HbA  was achieved
more in group I and the improvement in lipid profile
was more in group I. The favorable changes observed
may be due to increased hepatic lipase and lipoprotein
lipase at cellular level, which affects the metabolism of
lipoprotein and thus increase uptake of triglycerides by
adipose tissues.!?!

Serum cortisol levels decreased significantly in all three
groups and a significant increase was observed in control
group III. Michalsen et al., found out that Iyengar Yoga
reduces stress-related diseases and it shows that yogic
practice has an effect on hypothalamic - pituitary-adrenal
(HPA) axis. It may alleviate the effects of stress and
foster multiple positive downstream effects on the
neuroendocrine system.!"! Our findings also correlated
to that and in group analysis percentage of reduction
in cortisol levels were more in group III and it seems to
offer a promise that Yoga has a control on this disease
at all stages.

Significant increase in control group III shows that
cortisol level increases along with the severity of
diabetes. Oltmanns et al., reported that increasing
cortisol is strongly associated with increasing diabetic
pathophysiology, particularly in the variables that depend
on hyperglycaemia.*"

Increasing evidence suggests that oxidative stress plays
a major role in the pathogenesis of type 2 diabetes
mellitus. Oxidative stress generally causes damage to
the membrane polyunsaturated fatty acids leading to

the generation of MDA, a lipid peroxidation product and
a marker of oxidative stress and its concentration are
elevated in poorly controlled type 2 diabetic patients./*"
In this study the MDA levels were decreased significantly
after yogic practice along with a decrease in glucose and
lipids. But in the control group, MDA, glucose and lipid
levels remained high and this indicated that there was
a reduction in lipid peroxidation by yogic practice. And
it provides added support for the protective effect of
yogic practice against oxidative stress in diabetics. Other
researchers have found significant reduction in plasma
MDA by Sudharshana kriyva Yoga in type 2 diabetes after
a four month’s practice.?” Percentage of reduction of MDA
in the group analysis was 25, 22 and 28 % respectively and
the yogic impact was not less even though the glycaemic
control was least in group III.

Abnormally high levels of free radicals, lipid peroxidation
and simultaneous decline in antioxidant defense
mechanisms can lead to damage of cellular organelles
and enzymes. Antioxidant, enzyme-dependent defenses
play an important role in scavenging free radicals
produced under oxidative stress.?! The present
study revealed that catalase, an antioxidant enzyme
that protects against damage caused by free radicals,
increased significantly after yogic practice. Rate of
increase in the catalase activity was 47, 45 and 44 %
respectively in the three groups and the increase was
relatively high in good glycaemic control group. The
improved antioxidant status due to yogic practice
may point to adaptive response to oxidative stress on
increased enzyme biosynthesis.?*

Ferritin levels may be increased in response to oxidative
stress, nitric oxide signaling and to several inflammatory
cytokines. These mechanisms are involved in the
pathogenesis of the metabolic syndrome and could be a
reflection of liver involvement in insulin resistance. The
reaction of ferritin with H,0, can induce lipid peroxidation
that plays roles in aging and oxidative stress-associated
diseases.!”” Moderately increased ferritin levels are just a
marker for the metabolic alterations that ultimately result
in diabetes.?" Ferritin level was decreased significantly
after yogic practice in all the three groups (14.5, 14 and
13 %) and percentage of reduction was slightly higher in
group L. Studies regarding the effect of Yoga on ferritin level
in type 2 diabetics are virtually non existent. Our results
are pragmatic with previous research which shows that the
elevated ferritin level is characteristic of type 2 diabetes.!®
A significant reduction of ferritin level in Yoga practicing
group corroborate the role of Yoga in oxidative stress.
The observed changes may have occurred by reducing
the activation and reactivity of the sympathoadrenal
system and the hypothalamic pituitary adrenal axis and
by reducing cortisol secretion. The Texas Heart Institute
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used Yoga as an adjunct to their cardiac rehabilitation
program as a stress reliever and to improve musculoskeletal
flexibility.!*!

The potential benefits of physical activity such as Yoga
in elderly people are the improved insulin resistance and
glucose tolerance, maximum oxygen consumption, increased
muscle strength, improved lipid profile and improved sense
of well being. However, aerobic exercise is hindered in many
type 2 diabetic because of advancing age and other comorbid
conditions and unlike aerobic exercise, Yoga postures are slow
rhythmic movements which emphasize the stimulation of
the organs and glands by easy bending and extensions which
do not over-stimulate muscles but concentrate on glandular
stimulation"” and also induce a mild oxidative stress that
stimulates the expression of certain antioxidant enzymes.
This is mediated by the activation of redox-sensitive signaling
pathways;®?”! thus we can say that yogic practice is the best
choice in older age.

This study findings corroborates the earlier findings and
suggest that yogic exercise has therapeutic, preventive
and protective effects in elderly type 2 diabetic patients
by reducing stress, oxidative stress and by improving the
antioxidant defense system and from the group analysis we
can conclude that at all stages of the disease a significant
improvement can be achieved by yogic practice in geriatric
diabetes also. The major limitation of the present study was
that the subjects could not be kept under uniform, identical
study environment as all the subjects were staying at home
with their families. The subjects were advised about the
importance of strict adherence to metformin medication
and proper control of their diet. The significant changes that
occurred in the control group for some parameters may be due
to the noncompliance with our instructions by few patients.
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