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ABSTRACT

Background: Type 2 Diabetes Mellitus is characterized by a combination of peripheral insulin
resistance and inadequate insulin secretion by pancreatic beta cells. This build-up of glucose in the
blood over a prolonged period of time may lead to serious, long -term complications which can affect
the quality of life. In subjects with type 2 Diabetes Mellitus, physical training has shown to have a
positive increase in insulin secretion. Effect of Yoga therapy on blood glucose level in diabetic
patients has also been extensively studied. However, no study has been done till date, comparing the
effects of yoga and aerobic exercises on blood glucose levels & quality of life in type 2 DM patients.
Objective: To compare the effects of Yoga & aerobic exercise in the form of walking on fasting
blood glucose level & quality of life in type 2 Diabetes Mellitus.

Materials & Methods: A convenience sample of 40 type 2 Diabetes Mellitus subjects participated in
this study. Fasting blood glucose level & quality of life score was measured on day 1 and day 30 in
group A which performed yogasanas under supervision 5 times a week for 4 weeks. The scores were
compared with group B which performed walking for 5 days a week for 4 weeks.

Results: A statistically significant reduction in fasting blood glucose level as well as significant
improvement in the Quality Of Life score was observed after 4 weeks of training in both the groups.
However, a statistically non- significant change was seen in both fasting blood glucose level and
Quality Of Life score on comparison between groups A & B.

Conclusion: The above study shows that Yoga and Aerobic Exercise, in the form of walking, are
equally effective in reducing blood glucose levels and improving the quality of life in subjects with
Type 2 Diabetes Mellitus.

Key words: Aerobic exercise, Blood glucose level, Type 2 diabetes, Ferrans and Powers Quality of
Life Index, Yogasanas.
INTRODUCTION

frequent urination, increased thirst and

Diabetes mellitus (DM) is a group of
metabolic  diseases characterized by
high blood sugar levels over a prolonged
period that further produces symptoms like

increased hunger. ™

India leads the world with largest
number of diabetic subjects earning the
dubious distinction of being termed the
“diabetes capital of the world”. According
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to the Diabetes Atlas 2006 published by the
International Diabetes Federation, the
number of people with diabetes in India
currently around 40.9 million is expected to
rise to 69.9 million by 2025 unless urgent
preventive steps are taken. The “Asian
Indian Phenotype” refers to certain unique
clinical and biochemical abnormalities in
Indians that include increased insulin
resistance and greater abdominal adiposity
i.e., higher waist circumference despite
lower body mass index. This phenotype
makes Asian Indians more prone to diabetes
and premature coronary artery disease.
Although a part of this is due to genetic
factors, the primary driver of the epidemic
of diabetes is the rapid epidemiological
transition associated with changes in dietary
patterns and decreased physical activity as is
evident from the higher prevalence of
diabetes in the urban population. %!

Diabetes is characteristically of two
types. Type 1 Diabetes Mellitus, is due to
the body’s failure to produce sufficient
insulin due to an autoimmune condition that
causes destruction of the insulin producing
beta cells in the pancreas. Type 2 Diabetes
Mellitus is characterized by a combination
of peripheral insulin resistance and
inadequate insulin secretion by pancreatic
beta cells. Insulin resistance, which has been
attributed to elevated levels of free fatty
acids and pro-inflammatory cytokines in
plasma, leads to decreased glucose transport
into muscle cells, elevated hepatic glucose
g]roduction, and increased breakdown of fat.

When there is a build-up of glucose
in the blood over a prolonged period of time
instead of being absorbed by the cells, it
may lead to acute complications such as
Diabetic Ketoacidosis and serious, long -
term complications such as Coronary Artery
Disease, Neuropathy, and Nephropathy, if
left untreated. ™ Therefore, the topic of
Diabetes Mellitus was chosen as it has a
wide prevalence and an array of
complications that can be prevented if

Diabetes Mellitus is most commonly
assessed using the Fasting Plasma Glucose
test that tests the patients fasting blood
glucose levels. The patient must not have
had anything to eat for at least 8 hours
before the test. Hence the test is typically
conducted in the morning, before breakfast.
The test is positive if the fasting blood
glucose is greater than or equal to 126
mg/dl. ©!

Quality of life may be thought of as
a multidimensional construct incorporating
an individual's subjective perception of
physical, emotional, and social wellbeing,
including both a cognitive component and
an emotional component. Quality-of-life
issues are crucially important, because they
may powerfully predict an individual's
capacity to manage his disease and maintain
long-term health and wellbeing. In diabetes,
poor quality of life leads to diminished self-
care, which in turn leads to worsened
glycemic control, increased risks for
complications, and exacerbation of poor
quality of life in both the short run and the
long run.

Quality of life can be assessed using
the Ferrans and Powers Quality of Life
Index (Diabetes Version I11). The Quality of
Life Index measures Satisfaction and
Importance in various domains of life such
as health and functioning domain,
psychological/ spiritual domain, economic
domain and family. The scores reflect the
importance and satisfaction with the aspects
of life valued by the individual. Hagell and
Westergren, in 2006, conducted an
evaluation on the Ferrans and Powers
Quality of Life index and stated it valid and
reliable. 1!

Management of Type 2 Diabetes
Mellitus includes Medication or insulin
therapy, regular exercise and healthy eating.
Medications are chosen based on factors
such as blood glucose levels and the health
problems faced by the patient. [©

The American College of Sports
Medicine defines Aerobic exercise as any

appropriate measures are taken. exercise that is rhythmic, continually
maintained and involves large muscle
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groups. According to the American Diabetes
Association, moderate intensity aerobic
exercise plays a key role in managing
Diabetes. In subjects with type 2 Diabetes
Mellitus, physical training may lead to an
increase in insulin secretion results perhaps
due to accompanying sensitization of the
autonomic nervous system. Previous
studies have reported that exercise leads to
improvements in  metabolic  control,
measured by HbA;., blood glucose, or
insulin sensitivity. ™ A definitive study to
this to date, is a randomized, controlled trial
conducted on 251 Type 2DM patients that
reported improvements ranging from-0.38
t0-0.97 percentage points in HbA;. from
exercise training that ranged from =135 to
270 minutes of exercise per week for 6
months.

Walking was chosen as the mode of
aerobic exercise in the study since it is
widely accepted, easy to perform and one of
the most commonly used forms of exercise.
In a study, 39 participating Type 2 Diabetics
walked for half an hour everyday for 8
weeks and it showed that post-walk
glycemic levels were reduced by 2.2 mmol/I
(SD 1.5). " A. T. Hestmark, G. S. Ekeland,
A. C. et al in 2006, explained that
postprandial light physical activity blunts
the blood glucose increase in subjects with
Type 2 Diabetes Mellitus. **!

Yoga, from the Sanskrit word yuj is
a method of discipline that involves eight

limbs, namely; the Yamas (restraints),
Niyamas (observances), Asanas (postures),
Pranayama (breathing), Pratyahara
(withdrawal of senses), Dharana

(concentration), Dhyani (meditation), and
Samadhi  (absorption). Most  people
practicing yoga today are engaged in Asana,
which is a program of physical postures
designed to purify the body and provide
physical strength and stamina.

Yoga is known to have various
effects such as relaxation, improved
flexibility, increased strength, improved
posture, and improved breathing pattern.
The various postures and positions of the
asanas are said to stimulate the pancreas by

directly stimulating pancreatic cells, thus
increasing insulin secretion and regulation
and reducing blood glucose levels. * A
study conducted to examine the impact of 8
weeks of yoga training on blood glucose
levels in patients with Type 2 Diabetes
Mellitus indicated a significant difference in
the changed levels of blood glucose between
the control and experimental groups. ™ In
comparison with standard care alone, yoga
resulted in significant reduction in BMI and
an improvement in glycemic control. ¢!

As per our knowledge, no study has
been done till date, comparing the effects of
yoga and walking in type 2 DM patients.

MATERIALS AND METHODS
40 subjects having type 2 Diabetes

Mellitus were included in this prospective,
randomized clinical trial, based on the
inclusion and exclusion criteria.
Inclusion criteria: Patients who have had
Type 2 Diabetes Mellitus for a time period
between 5 and 10 years and who are
currently on oral hypoglycemic drugs
Exclusion criteria
1. Patients with neurological symptoms or

any other complications due to Diabetes

Mellitus
2. Patients on insulin therapy
3. Patients previously performing yoga or

walking or both
Patients unwilling to take part in the
study

Each of them was explained about

the study and its benefits and written
consent was obtained from every patient.
Demographic data like age, gender and BMI
were checked and documented. Fasting
blood glucose level (FBS) was assessed in
all the patients prior to intervention. Quality
of life of the patient (QOL) was also
assessed using the Ferrans and Powers
Quality of Life Index (Diabetes Version I11)
and the total score of all domains was
obtained. The subjects were then randomly
divided in two groups, group A for Yoga
and group B for Walking. Subjects from
group A were taught 15 yoga asanas in
standing, sitting and lying positions and
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were asked to perform the asanas 5 times a
week for 4 weeks. The asanas were
Tadasana, Veerbhadrasana, Trikonasana,
Sukhasana, Padmasana, Yogamudrasana,
Vakrasana, Gomukhasana, Paschimottasana,
Dhanurasana, Naukasana, Bhujangasana,
Pawanmukhtasana, Sethubandhasana and
Shavasana.  Breathing exercises and
meditation sessions were conducted in first
10 minutes followed by performance of the
above asanas in the next 35 minutes. 2
repetitions of each asana were given in the
sequence mentioned above. The session
ended with Shavasana. A 30 second rest
pause was provided between each asana. A
demonstration was given to the subjects
prior to the intervention. Subjects from
group B were asked to walk for 45 minutes
5 times a week for 4 weeks. The subjects
were asked to walk at a brisk pace and cover
as much distance as possible. At the end of
4 weeks, all outcome measures were
checked again and the data was statistically
analyzed.
Statistical analysis

In the present study, the effects of 4
weeks of Yoga and walking on blood
glucose levels and quality of life were

compared in subjects with Type 2 DM using
GraphPadinstat. The data was compared
between the two groups prior to the
intervention to assess the homogeneity of
the samples. Post intervention, assessment
was done within the groups and between the
groups. To determine the statistical
significance, p value was set as p < 0.05. All
the data is mentioned in the form of ‘Mean
+ Standard deviation’.

Table 1: Comparison of parameters pre-intervention between
Yoga and Aerobic Exercise groups

Group A Group B p value
Age group (years) 57+9.2 55.8+6.4 | p=0.635
Gender Males: 8 Males: 14

Females: 12 | Females: 6
BMI (kg/m?) 242+24 | 248+48 | p=0581
FBS (mmol/L) 93.4+17.7 | 95.7+18.3 | p=0.689
QOL score 383.1+79 3824 +4 p=0.794

Inference: On comparison of the data pre-
intervention, the p values yielded were
statistically non-significant. This suggested
that the data was homogenous in
distribution.

The above table suggests that both
Yoga and aerobic exercise are effective in
reducing blood glucose levels in patients
with Type 2 Diabetes Mellitus

Table 2: Comparison of Fasting Blood Glucose levels (FBS) in both Groups A & B pre and post intervention

Parameters Group A

p value Group B p value

Pre Post

FBS level (mmol/ L) | 93.4+17.7

92.1+17.6

Pre Post
95.7+183 | 94+£17.4

0.0001 0.0003

Table 3: Comparison of Quality of Life (QOL) score in both Groups A & B pre and post intervention.

Parameters Group A p value Group B p value
Pre Post Pre Post
QOL score 383.1+79 | 387.1+7.5 | 0.0008 | 382.4+4 | 387.8+8.2 | 0.0001

Table 4: Comparison of Fasting Blood Glucose levels (FBS)
and Quality of Life (QOL) post intervention between Groups
A&B.

Group A Group B p value
FBS level 921+176 | 94174 p=0.7432
(mmol/L) (Not significant)
QOL score | 387.1+7.5 | 387.8+8.2 p=0.5765
(Not significant)

The above table suggests that both
Yoga and aerobic exercise are effective in
improving the QOL in patients with Type 2
Diabetes Mellitus

On comparison of Fasting Blood
Glucose levels & Quality Of Life post
intervention between group A and group B,

the p value obtained was statistically non-
significant. This suggests that both Yoga
and Aerobic exercise in the form of walking
are equally effective in reducing blood
glucose levels & improving the Quality Of
Life in patients with Type Il Diabetes
Mellitus

DISCUSSION

Type 2 Diabetes Mellitus is
characterized by a combination of
peripheral insulin resistance and inadequate
insulin secretion by pancreatic beta cells.
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Insulin resistance, which has been attributed
to elevated levels of free fatty acids and pro-
inflammatory cytokines in plasma, leads to
decreased glucose transport into muscle
cells, elevated hepatic glucose production,
and increased breakdown of fat.

Management of Type 2 Diabetes
Mellitus includes medication or insulin
therapy, regular exercise and healthy eating.
Medications are chosen based on factors
such as blood glucose levels and the health
problems faced by the patient. Common
medications include Metformin, which
improves the sensitivity of the body tissues
to insulin and lowers glucose production in
the liver. Sulfonylureas are also used and
these help the body secrete more insulin.
Meglitinides work similar to sulfonylureas
except that they are faster actin(T] and do not
stay active in the body for long. '

The American College of Sports
Medicine defines Aerobic exercise as any
exercise that is rhythmic, continually
maintained and involves large muscle
groups. According to the American Diabetes
Association, moderate intensity aerobic
exercise plays a key role in managing
Diabetes. Recent studies have shown that
exercise training is recommended for
patients with Type 2 Diabetes Mellitus as it
may have beneficial effects on metabolic
risk factors such as improving glycemic
control along with reducing the risk of
diabetic complications. * Walking was
chosen as the mode of aerobic exercise in
the study since it is widely accepted, easy to
perform and one of the most commonly
used forms of exercise.

Post Aerobic exercise, peripheral
glucose uptake exceeds hepatic glucose
production thus reducing blood glucose
levels. Also, glucose is transported to
skeletal muscles via a transporter enzyme
GLUT-4. Exercise increases the
translocation of GLUT-4 to skeletal muscle
membrane and improves the glucose uptake
and hence reduces blood glucose levels. !

Boule” et al (2001) undertook a
systematic review on the effects of
structured exercise interventions in clinical

trials of 8 weeks duration on HbAlc and
body mass in people with type 2 Diabetes.
Post-intervention HbAlc was significantly
lower in exercise than control groups; p<
0.001. Another study on effects of physical
training on insulin  secretion and
effectiveness and on glucose metabolism in
Type 2 Diabetes Mellitus shows that both
insulin secretion and effectiveness were
altered by physical training in different
ways in different clinical entities. In insulin
resistant conditions with high insulin
secretion, increased peripheral insulin
sensitivity was followed by decreased
insulin secretion. In Type 2 Diabetes with
low insulin secretion, an increase in insulin
secretion is seen as a result of physical
training perhaps due to accompanying
sensitization of the autonomic nervous
system. Peripheral insulin concentrations
are not altered; suggesting that the extra
insulin produced is captured by the liver. !
Valerie Myers, Megan McVay, et al
performed a study in 2013 on Exercise
Training and Quality of Life in individuals
with Type 2 Diabetes Mellitus and the
results showed that exercise training
interventions improved physical health QOL
in individuals with type 2 diabetes mellitus
regardless of training modality (aerobic,
resistance, or combined).

Yoga, the traditional exercise form,
offers a largely unexplored, widely available
resource for the management of stress-
related ailments. There is evidence that
Yoga can benefit patients with Type 2
Diabetes Mellitus. A randomized, controlled
trial of Yoga for patients with Type 2
Diabetes Mellitus showed that both Fasting
Blood Glucose and HblAc improved
significantly along with patients reporting
that they felt better, less anxious and more
in control of themselves. % Surwit and
Feingloss in 1992 reported that Yoga
training leads to improved glucose tolerance
in patients with Type 2 Diabetes Mellitus
without affecting insulin sensitivity or
glucose-stimulated insulin secretory
activity. This could be mediated by a
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decrease in sympathetic and adrenal cortical
activity.

There is  growing  evidence
concerning the potent effect of psychosocial
factors on physical health outcomes. People
with diabetes often feel challenged by their
disease and its day to day management
demands. This it can lead to stress. The
psychosocial toll of living with diabetes can
often affect self-care behavior, long-term
glycemic control, Quality of Life and risk of
developing long-term complications. A
study assessing the effect of a
comprehensive yogic program on glycemic
control and quality of life in patients with
Type 2 Diabetes Mellitus showed a trend
toward improvement in glycemic control
along with a significant improvement in
physical, psychological and social domains
of quality of life. Among several hypotheses
for the biological mechanisms that link the
benefits of yoga to diabetes management,
one hypothesis points to the role of stress
and anxiety, which in turn affects behavior.
Yoga is practiced worldwide for its health
benefits, including  physical fitness,
relaxation and awareness of self. It is based
on the principle that the mind and body are
intimately related. The physical postures
and breathing exercises improve muscle
strength, flexibility, blood circulation and
oxygen uptake which in turn have been
found to be useful in relieving stress,
anxiety and depression and improving the
antioxidant and immune defenses of the
body. ! This can explain the improvement
in Quality of Life with Yoga.

The present study shows that both
Yoga and Aerobic exercise, in the form of
walking, are equally effective in reducing
blood glucose levels and improving the
quality of life in subjects with Type 2
Diabetes Mellitus. Walking is one of the
most common forms of exercise that is easy,
widely accepted and does not require any
training, monitoring or equipment. Patients
have the freedom of performing it at their
convenience and it is not limited by the
patient’s fitness level. Although yoga is an
exercise form that has multi-dimensional

effects, it requires special training, a fixed
protocol and constant monitoring for fear of
being injured during performance of certain
asanas.

LIMITATIONS AND SUGGESTIONS

1. The above study has a small sample
size. A larger sample size may help in
studying greater variations in the study
population and hence will show us the
variations in the results, if any.

2. Fasting Blood Glucose has been used as
an outcome measure for the above
study. This outcome measure can be
influenced by various other factors, for
e.g. Diet and lifestyle. HblAc or
Glycosylated Hemoglobin is a form of
hemoglobin that is measured primarily
to identify the average plasma glucose
concentration over prolonged periods of
time. As the average amount of plasma
glucose increases, the fraction of
glycosylated hemoglobin increases in a
predictable way. This serves as a marker
for average blood glucose levels over
the previous 3 months as this is the half-
life of red blood cells. Hence, Hb1Ac
could be considered as a more reliable
outcome measure. The HblAc has
several advantages to the Fasting Blood
Glucose  test, including  greater
convenience since fasting not required,
possibly greater pre-analytical stability,
and less day-to-day perturbations during
stress and illness.

3. No follow up was done on the subjects
who were a part of the study. A follow
up will help us gauge the patient
adherence to the intervention along with
giving us an idea of how long the effect
of the intervention lasts.

4. Patient preference to treatment method
can be checked. Since both treatment
methods are equally effective, it would
be beneficial to know the preference of
the patient to both treatment methods to
assess the comfort of the patient to the
treatment methods and its usability. This
can improve the patient adherence to the
treatment method.

International Journal of Health Sciences & Research (www.ijhsr.org) 151
Vol.7; Issue: 1; January 2017



Dangi Ashwini et al. A Comparative Study of the Effect of Yoga versus Aerobic Exercise on Blood Glucose

Level and Quality of Life in Patients with Type 2 Diabetes Mellitus

CONCLUSION

and Aerobic Exercise,

The above study shows that Yoga
in the form of

walking, are equally effective in reducing

blood

glucose levels and improving the

quality of life in subjects with Type 2
Diabetes Mellitus. Hence either Walking or
Yoga can be used as a successful non-
pharmacological intervention program in
patients with Type 2 Diabetes Mellitus.

REFERENCES

1.

10.

WHO Expert Committee on Diabetes
Mellitus. Second Report. Geneva: WHO
Tech Rep Ser 1980; 646: 1-80

V. Mohan, S. Sandeep, R. Deepa, et al.
Epidemiology of type 2 diabetes: Indian
scenario. Indian J Med Res. March 2007;
125: pp 217-230

Romesh Khardori. Type 2 Diabetes
Mellitus. American Association of Clinical
Endocrinologists, American Diabetes
Association. The Endocrine Society; 2014;
18(6): 745-749

Diabetes Complications. Diabetes. co. uk;
Retrieved 22 November 2012.

Insulin Resistance and Prediabetes. NIH
Publication. 2014 June; No. 14-4893.
Richard R. Rubin. Diabetes and Quality of
Life. Diabetes Spectrum.2000; 13:21.
Hagell P, Westergren A. An evaluation of
Ferrans and Powers Quality of Life Index
Qual Life Res. 2006 Jun; 15(5):867-76.
Nathan DM. Initial Management of
Glycemia in Type 2 Diabetes Mellitus.
NEJM. 2002 Oct; 347(17): 1342-9.

M. Krotkiewski, P. Lonnroth, and K.
Mandroukas. The effects of physical
training on insulin  secretion and
effectiveness and on glucose metabolism in
obesity and Type 2 (non-insulin-dependent)
diabetes  mellitus. Diabetologia.  1985;
28(12): pp. 881-890

Thomas H. Marwick, Matthew D. Hordern,
Todd Miller, et al. Exercise training for type
2 diabetes mellitus. AHA Scientific
Statement. 2009 June.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

d0i:10.1161/CIRCULATIONAHA.109.192
521.

Sigal RJ, Kenny GP, Boulé NG, et al.
Effects of aerobic training, resistance
training, or both on glycemic control in type
2 diabetes: a randomized trial. Ann Intern
Med. 2007; 147: 357-369.

Fritz T, Rosenqvist U. Walking for
exercise? Immediate effect on blood glucose
levels in type 2 diabetes. Scand J Prim
Health Care. 2001 Mar; 19 (1): 31-33.

A.T. Hgstmark, G. S. Ekeland, A. C.
Beckstrgm, et al. Postprandial light physical
activity blunts the blood glucose increase.
Preventive Medicine. 2006; 42.

Jyotsna VP. Prediabetes and type 2 diabetes
mellitus: Evidence for effect of yoga. Indian
J Endocr Metab. 2014; 18(6): 745-749.

Sh. Dide Rast, Z. Hojjati, R Shabani. The
effect of yoga training on lipid profile and
blood glucose in type Il diabetic females.
Annals of Biological Research. 2013; 4
(8):128-133.

Hedge SV, Adhikari P, Kotian S, et al.
Effect of 3 month Yoga on Oxidative Stress
in type 2 Diabetes with or without
complications. Diabetes Care. 2011 Oct;
34(10): 2208-2210.

Boule NG, Haddad E, Kenny GP, et al.
Effect of Exercise on Glycemic Control and
Body Mass in Type 2 Diabetes Mellitus.
JAMA. 2001; 286(10):1218-1227.

Dela F, Ploug T, Handberg A, et al.
Physical training increases muscle GLUT 4
protein and mRNA in patients with Type 2
Diabetes Mellitus. Diabetes. 1994; 43(7):
862-865.

Myers, Valerie H., et al. Exercise Training
and Quality of Life in Individuals with Type
2 Diabetes A randomized controlled trial.
Diabetes care. 2013; 36(7): 1884-1890.
Monroe Robin, Joyce Power, Anil Comer,
et al. Yoga therapy for NIDDM; a
controlled trial. Yoga and Life Sciences.
1992.

Viveka P, Ansumali J,et al. Comprehensive
yogic program improves quality of life in
patients with NIDDM. Indian J Endocrinol
Metab. 2012 May-Jun; 16(3): 423-428 doi:
10. 4103/2230-8210.95692.

How to cite this article: Ashwini D, Dhwani R, Medha D. A comparative study of the effect of yoga versus
aerobic exercise on blood glucose level and quality of life in patients with type 2 diabetes mellitus. Int J
Health Sci Res. 2017; 7(1):146-152.

*khkhkhkhkhhhhkkkx

International Journal of Health Sciences & Research (www.ijhsr.org) 152
Vol.7; Issue: 1; January 2017


http://www.diabetes.org/
http://www.diabetes.org/
http://www.diabetes.org/
http://www.endo-society.org/
http://www.diabetes.co.uk/diabetes-complications/diabetes-complications.html
http://www.ncbi.nlm.nih.gov/pubmed/16721646
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fritz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11303544
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenqvist%20U%5BAuthor%5D&cauthor=true&cauthor_uid=11303544
http://www.ncbi.nlm.nih.gov/pubmed/11303544
http://www.ncbi.nlm.nih.gov/pubmed/11303544
http://www.ncbi.nlm.nih.gov/pubmed/11303544
http://dx.doi.org/10.4103%2F2230-8210.95692

