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_ ABSTRACT

Background: In India, obesity is highly prevalent in women as compared to men. As the obesity epidemic spreads, there are
growing concerns about efficient obesity management.

Aims: To compare between circuit training (CT), treadmill (TM) walking and suryanamaskar (SN) training in weight management
and physical fitness enhancement in obese females.

Settings and Designs: Comparative controlled study conducted in a community setting.

Materials and Methods: 119 females of age between 20 and 40 years of body mass index (BMI) between 25.1 and 34.9 kg/m>.
87 participants completed the study. Group 1: CT, group 2: TM walking; group 3: Modified SN; group 4: Control. Outcome
Measures: Body composition, cardio-respiratory and muscle endurance, flexibility.

Statistical Analysis: Within-group data was analyzed with the paired t-test. P =0.05. Analysis between the groups was done
using one way ANOVA test. Analysis between the groups was done using ANCOVA test controlling for baseline differences
only for those variables that have significant differences at baseline. For those which do not have significant difference at
baseline, RMANOVA was done at end of 8 weeks.

Results: Reducation in mean body weight in CT group (2.2%), TM (1.7%) and SN (1.6%), (P < 0.05), BMI in all the
three groups (P < 0.01), total body fat % in the CT (5%) and SN (3.7%), (P < 0.01), metabolic age with CT (2%) and
TM (2%), (P = 0.001). Improvement in muscle mass in CT (4%, P = 0.009), VO, __ in CT group by 17.2%, SN (14%), TM
group (8%) (P < 0.05). Upper limb Muscle endurance in CT (51.3%), SN group (51.24%) and in TM group (40%), (P = 0.05),
in lower limb TM (21.2%) and SN (24.5%) (P = 0.05), flexibility in SN (12.4%, P = 0.0001).

Conclusions: All three methods were effective in weight and physical fitness management. CT and SN were more effective in
improving cardio-respiratory fitness and upper limb muscle endurance while only SN was effective in improving body flexibility.
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INTRODUCTION coexists with under nutrition.”” In India, obesity is
highly prevalent in women as compared to men. As
the obesity epidemic spreads, there are growing concerns
about efficient obesity management. Obesity comes with
several causes which makes obesity management more
complex. Some evidence suggests that lack of physical

Overweight and obesity are common health conditions
and their prevalence is increasing globally.™ In
developing countries, obesity and sedentary behaviour

Access this article online activity rather than caloric intake is a major determinant
Quick Response Code of obesity. [4.5]
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rather than only reducing body weight.
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Physical activity and/or exercise are commonly included
as components of lifestyle interventions for weight loss.
There are no specific recommendation mentioned on type
and intensity of exercise. Various studies using aerobic,
resistance or combination of both types of exercises have
shown to have health benefits.

Yoga is an ancient Indian form of physical activity which
may assist in achieving recommended levels of fitness.
Suryanamaskar (SN) is a part of yoga. It is a set of sequential
yogic postures which are called as asanas. A review by
Ross et al.”! suggests that yoga may be equally effective or
better than exercise at improving a variety of health-related
outcome measures like blood glucose, blood lipids and
oxidative stress. Nevertheless, there is a dearth of research in
the field of SN and also not used frequently as a therapeutic
exercise.”’ On the other hand, CT is a popular exercise
training method addressing cardiorespiratory fitness (CRF)
and muscle endurance in a shorter period of time®'l and
can be used as a long term maintenance training program!?
in all age groups.™In addition, CT involves easily adjusted
external resistance rather than fixed body weight resistance.

Walking is the most accessible and easily regulated
exercise that can enhance health and CRF. The specific
role of walking, the most common form of exercise
among women, ¥ has been addressed only minimally.
Obese individuals expend more energy during walking as
compared to nonobese. >

In the current study we compared circuit, treadmill (TM)
walking and SN in weight management and associated
physical fitness. For example, clinical observations suggest
that TM training may improve cardiovascular endurance
and reduce body fat, circuit training (CT) is commonly
used for strength training, and SN training which is
a traditional form of physical activity may improve
flexibility. Nevertheless there is a dearth of data on role of
SN in weight management. In various fitness and weight
management centres, ‘aerobics’ involving high impact
ballistic movements are incorporated. These forms of
exercise are not suitable for obese females, especially those
associated with musculoskeletal problems like arthritis
and osteoporotic ones.

Thus, this study tries to search for an optimal approach in
between these three types of training for management of
obesity and enhancement of physical fitness parameters like
cardio respiratory fitness, muscle endurance and flexibility.

SUBJECTS AND METHODS

The study was approved by the Institutional Ethical
Committee and was conducted in accordance with the
guidelines of Helsinki Declaration prior to beginning.

Subjects

Written informed consent was taken from all the 119
subjects prior to enrolment in the study. 103 women
from various fitness and wellness centres in the city were
recruited. These were of body mass index (BMI) between
25.1 and 34.9 kg/m? (i.e. overweight and grade I obesity),
aged 20-40 years were recruited from December 2011 to
September 2013. Participants who did not participate in
any form of physical activity over the last 3 months were
selected. Females with asymptomatic musculoskeletal or
cardiovascular condition were included. Women with
acute trauma or uncontrolled metabolic or systemic
disease, any orthopedic contraindication to physical
activity, pregnant or lactating women or females on any
anti-hypertensive, lipid lowering medications or any
illness that would limit the ability to perform the necessary
exercises were excluded from the study. All participants
continued their present level of lifestyle and dietary habits.

Study design

This was an 8 week randomized controlled study
design. All the participants were screened through
Par Q and YOU questionnaire and AHA/ACSM
Health/Fitness facility pre participation screening
questionnaire (Modified from American College of
Sports Medicine Position Stand and American Heart
Association) prior to the onset of study.

The participants were randomly allocated to 4 groups as
they were recruited with n in group 1, n + 1 in group 2,
n + 2 in group 3, and n + 3 in group 4, n + 4 in group 1
again and so on.

Sample Size Formula = (Z-value)** P * (1- p)/c?
Where,

Z. = Z value (e.g. 1.96 for 95% confidence level)
P percentage picking a choice, expressed as
decimal (0.5 used for sample size needed) ¢ = confidence
interval, expressed as decimal. So your values for each of
the groups are: Z-Value: 1.96 (for 95% confidence level) p:
0.5, ¢: 0.22, Sample size: 19.84298-20 (per group).

Assessments

The outcome measures were assessed at the baseline and
after 8 weeks of training. All the outcome measures were
parametric type of data except, BMI (weight in kg/height
in metre?) and visceral fat ratings.

Weight and body composition

These were assessed using a bioelectric impedance
analyzer (Inner Scan V, Segmental Body Composition
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Monitor, Model BC 601, Tanita, Japan). The readings
were taken while maintaining appropriate hydration of
the subjects. The post training measurements were taken
after 8 weeks under similar conditions, that is, same time
of the day with adequate hydration.

Cardiorespiratory fitness

Estimated VO, = was assessed using Shuttle Walk and Run
Test. It consists of 12 levels with speed gradually increasing
with each level. Level 1 speed was set at 2.7 km/h. As the
level advances, the speed increments by 15 m/min that
is, the number of laps increases by 2 laps/min and so on.

Test procedure

The participants had to walk in the initial laps and run as the
speed increases at each level. It results in lesser perceived
exertion because of incremental stress with each level rather
than by constant-rate stress. This method was chosen as it is
less stressful and safer for overweight or obese individuals.®

Flexibility

Flexibility is the ability to move the joint through its
complete range of motion. Complete body flexibility was
assessed using sit and reach test.[""!

Test procedure

A 12 inches high box with a measuring scale placed on top
of the box with 9-inch mark made at the starting point of
the box was used. In this study, flexibility was measured
on the dominant side, that is, right lower side. The left
knee was bent. The arms were extended forward with
palms down over the measuring scale. The participant
reaches forward four times and holds the position at the
fourth reach for at least 1 s at which readings were noted.
A maximum score of 12 inches can be reached.?”!

Muscle endurance

It is the muscles ability to perform for successive exertions
or many repetitions.?!! Upper limb muscle endurance was
assessed by a modified push up test. The number of push
ups completed in 1 min was noted. The lower limb muscle
endurance was assessed by 1/4% squat test. Number of
squats completed within 1 min was noted. The test was
stopped before 1 min if more than two push ups or squats
were not performed in the correct form or if the subject
encountered muscular fatigue before 1 min.

Training protocols

All participants underwent warm up and cool down for
10 min. It included slow cycling/slow walking on TM and
stretching.

Exercise intensity: Participants of all three exercise groups
were given the respective training until the participants
reached rate of perceived exertion (RPE) of 7 on a 10 scale,
that is, ‘very hard’ on the modified Borg’s scale.

Group 1: CT group performed 3 sets of 10 repetitions of
each of the following circuits: Push ups, pull
down, knee extension on quadriceps table, leg
press, resisted hip abduction/adduction, resisted
back flexion/extension, hamstring curls, bicep
curls. Each circuit was performed at a resistance
of 40% of 1 RM. As the strength increased, new
1 RM was assessed every 2 weeks. The circuits
were continued till the participant reaches score
of 7 on RPE scale

Group 2: TM training group performed TM training at a
speed of 4 mph with 0% grade till RPE of 7

Group 3: SN training group performed modified
SN (with a chair). The participants were
demonstrated the steps before starting the
training. SN was performed at a speed of
approximately 1 step/second. They were asked
to perform as many SN till they reach RPE of 7.

It consisted of a total of 12 steps/asanas:

Step 1: Pranamasan: Stand straight. Look straight. Place
the feet together. Pull in knees, thigh muscles
and belly. Expand the chest. Fold hands. Palms
pressed against each other to perform namaskar
Hastauttanasan: Raise arms above head. Grow
taller. Then bend back. Stretch abdomen
Hastapadasana: Bend forward. Don’t bend knees.
Go down and place your hands on the arm rests
of the chair

Ashwasanchalanasan: Take right leg back and
stretch it while balancing it on the toe and keep
left leg in front of your body aligned with the
front legs of the chair. Keep palms straight on
both sides of the arms rests of the chair and look
upwards

Parvatasan: Take back the left leg as well and
keep both the feet together while raising hip from
the ground and balancing on all fours (Hands on
chair arm rest and feet on the floor)
Chaturnamaskar: Slowly come down and bring
your shoulders near your hands, chest sinking
on the chair. Knees should not touch the ground
and waist and hip slightly raised above so that
they don’t touch the chair

Bhujangasan: Lower waist and raise torso, make
arms straight and balance. Feel bend of spine and
stretch of abdomen

Step 8: Parvatasan: Same as position 5

Step 9: Ashwasanchalanasana: Same as position 4
Step 10: Hastapadasana: Same as position 3

Step 11: Hastauttanasan: Same as position 2

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
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Step 12: Pranamasan: Same as position 1

Group 4: Control (CNT) group did not participate in any
form of exercise training. They were asked not
to involve in any form of physical activity or
dietary change.

Exercise compliance and supervision

Exercise was supervised by a therapist. Compliance was
considered as successfully completing >80% of exercise
sessions. Noncompliant participants were considered as
dropouts [Table 1].

Statistical analysis

All data are presented as mean = standard deviation.
Within-group data to compare the difference between
pre- and post-intervention was analyzed with the paired
t-test. Differences were considered statistically significant
at P < 0.05. Analysis between the groups was done using
ANCOVA test controlling for baseline differences only for
those variables that have significant differences at baseline.
For those which do not have significant difference at
baseline, RMANOVA was done at end of 8 weeks. All the
statistical tests were done using SPSS 12.0 for windows
(Release date 4 September 2003) Standard License
developed by The Apache Software foundation licensed as
‘AS-IS’ to the Physiotherapy Department, Sancheti Institute
for Orthopedics and Rehabilitation, Pune, India.

RESULTS

The baseline values of all the participants are represented
in Table 2.

Body composition outcomes

Post 8 weeks of training intervention, significant
reduction was observed in mean body weight in CT group
(2.2%, P < 0.001) as compared to control (0.1%, P = 0.3).
Modest decrease were also observed in TM and SN group
by (1.7% and 1.6%, [P < 0.05]) respectively. The change
in BMI was significant in all the three groups (P < 0.01) as
compared to control (P = 0.3). Between groups comparison
was not significant. The total body fat % lowered significantly
in the CT (5%, P < 0.01) and SN (3.7%, P < 0.01) groups
as compared to control (—0.1%, P = 0.4). No significant
change in fat % was noted with TM. No significant change
was noted in muscle and bone mass between the groups.
Within group analysis revealed significant improvement
in muscle mass in CT (4%, P = 0.009). The metabolic age
showed significant change with CT (2%, P = 0.001) and
T™ (2%, P = 0.001) as compared to control. Body water
% improved by (3%, P = 0.02; 3.6%, P = 0.005; 5.1%,
P = 0.0005) with CT, TM and SN training respectively.
Inter group analysis was not significant. Visceral fat rating

improved by (12.8%, P = 0.002) and (9.3%, P = 0.01) with
CT and SN as compared to TM [Table 3].

Cardiorespiratory fitness

VO, . significantly increased in the CT group
by (17.2%, P = 0.0001) and (14%, P = 0.0001) with SN as
compared to (8%, P = 0.0001) in TM group.

Muscle endurance

Modified push ups increased remarkably in CT and SN
groups by 51.3% and 51.24%, P = 0.0001) and in TM group
by (40%, P = 0.0001). 1/4™ squat test showed increase with
TM and SN (P = 0.001) by 21.2% and 24.5% as compared
to control. Inter group results were insignificant.

Flexibility

Sit and reach test improved in SN by (12.4%, P = 0.0001)
as compared to all other groups. A mild improvement in
the CT group by (3.5%, P = 0.03) as compared to TM by
only 0.5%.

The study showed significant differences on
ANCOVA (at 8 weeks after controlling for baseline) and
RMANOVA (interaction effect) between groups in weight,
fat %, BMI, CRF, muscle endurance and flexibility. There
were no significant differences in muscle mass, bone
mass, metabolic age, body water % and visceral fat
ratings [Table 4].

DISCUSSION

Circuit training produced greater reduction of weight
followed by SN and TM training. BMI lowered equally
in all groups as compared to control. However, on
comparison between the groups, both of these parameters
showed no change. This suggests that all 3 types of
exercise training were equally effective in weight
management. BMI calculation cannot differentiate lean
body mass and fat mass and thus may be imprecise
outcome to gauge obesity.

Lipids are major fuel source to the exercising muscles.
Adding resistance to exercise may increase the energy
expenditure leading to further fat oxidation.®” Total body
fat9% lowered significantly with CT followed by SN by 5%
and 3.8% respectively. Increase in visceral fat is associated
with high risk of cardiovascular diseases and type II
diabetes. Visceral fat ratings showed maximal reduction
by 12.5% in CT followed by 9.3% in SN and barely in TM
group (1.8%) as compared to control. Nevertheless no
significant difference was noted on comparing between
the groups.

30

International Journal of Yoga - Vol. 8 - Jan-Jun-2015



Jakhotia, et al.: Suryanamaskar for physical fitness in obese females

Table 1: Participant flowchart

Assessed for eligibility
(n=119)
g
% Excluded (n=16)
@ - 5 Not meeting inclusion
~ criteria (n=4)
Declined to participate (n=7)
v Other reasons (n=5)
Randomized (n=103)
] v
%—’t Allocated to circuit Allocated to Allocated to Allocated to control
=} (n=29) treadmill (n=27) Suryanamaskar (n=27) (n=20)
Received Received Received Did not
intervention allocated allocated receive any
(n=22) intervention intervention (n=24) intervention
Did not (n=21) Did not receive
receive Did not allocated
allocated receive intervention
- intervention allocated Lost interest (n=1)
% Lost interest (n=3) intervention (n=0)
3
: | l l
v
Discontinued Discontinued (n=2) Discontinued Nil
(n=4) Unrelated injury (n=2)
(n=2)
Personal reasons (n=2)
>
: | !
E. A 4 A 4
(2]
Analyzed (n=22) Analyzed (n=21) Analyzed (n=24) Analyzed (n=20)
Table 2: Participant’s baseline parameters
Outcome measures Circuit Treadmill Suryanamaskar Control F P
Age (years) 30.18+7.19 28.9+7.16 30.22+5.82 28.9+4.87
Height (cm) 156.59+4.99 154.75+5.12 156.35+5.35 157.25+4.48
Body composition
Weight 72.06+8.68 67.50+7.05 70.8+6.8 65.62+5.43 0.0003
Body fat % 43.96+4.7 38.55+5.01 41.88+5.05 43.25+5.12 - 2.0073
Muscle mass (kg) 39.65+2.53 38.39+5.5 38.53+3.78 38.52+1.87 1.303 0.6175
Bone mass (kg) 2.44=0.23 2.33+0.30 2.37+0.22 2.41=0.19 0.684 0.5657
BMI (kg/m?) 29.41+3.43 28.26+2.89 29.01£3.02 26.58+2.50 - 0.0007
Metabolic age 57.09+10.80 52.28+=10.11 51.86+10.27 48.65+10.13 1.229 0.3082
Body water % 40.93+2.70 41.08+3.49 39.60+4.29 40.62+3.68 0.4344 0.7293
Visceral fat rating 9.54+1.65 7.81+1.94 9.30+2.03 8.65+1.98 2.685 0.0556
Cardio-respiratory fitness
Estimated VO, max 24.67+3.57 26.27+4.00 26.06+3.90 25.52+4.09 0.0001
Muscle endurance
Upper limb (modified push ups) 18+8 15+6 21+12 18+11 0.0001
Lower limb (1/4™ squats) 42+9 46+9 42+9 0.0001
Body flexibility
Sit and reach fest (inches) 8.85+2.22 8.64+1.92 9.43+1.53 9.12+2.26 0.0001

Values are mean=SD; F and P values were derived from RMANOVA. BMI = Body mass index; SD = Standard deviation; RMANOVA = Repeated measures

analysis of variance

Aerobic training when combined with resistance training
was more effective in stimulating increase in the lean
body mass as seen with CT by 4%, SN 2.2% and minimal

change with TM of 1.2%. The change in muscle mass was
significant, but difference between the groups was not.
Increase in lean body mass caused by exercise may be
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Table 3: Changes in body composition parameters

Baseline After 8 weeks Mean difference 95% Cl (lower, upper) t P
Body composition
Weight
Circuit 72.06+8.68  70.45+8.77 -1.61+1.36 1.007, 2.22 5.535 0.0001
Treadmill 67.50+£7.05  66.36+7.11 -1.13+0.95 0.696, 1.570 5.414  0.0001
Suryanamaskar 70.8+6.8 69.6+6.6 —-1.16+1.14 0.669, 1.661 4.870  0.0001
Control 65.62+543  65.55+5.45 —0.07+0.96 —-0.383, 0.523 0.323 0.4
Body fat %
Circuit 43.96x4.7 41.74+6.07 —2.22+3.09 0.849, 3.596 3.366  0.001
Treadmill 38.55+5.01 37.84+4.99 -0.70+1.29 0.114, 1.295 2.490  0.01
Suryanamaskar 41.88+5.05 40.3=4.83 —1.58+1.45 0.947, 2.209 5.186 0.001
Control 43.25+5.12  43.32+5.58 0.06=1.82 -0.921, 0.791 0.159 0.4
Muscle mass (kg)
Circuit 39.65+2.53  41.23+3.73 1.57+2.90 —2.865, —0.289 2.548 0.009
Treadmill 38.39+5.50  38.89+5.31 0.5=0.93 -0.914, —0.668 2.415  0.01
Suryanamaskar 38.53+£3.78  39.38+x4.46 0.84+2.55 —1.956, 0.256 1.593  0.06
Control 38.52+1.87 38.81+3.34 0.29+2.09 —1.273, 0.689 0.622 0.3
Bone mass (kg)
Circuit 2.44=0.23 2.47+0.21 0.02=0.18 —-0.109, 0.055 0.689 0.2
Treadmill 2.33=+0.30 2.41=0.31 0.07=0.18 —0.161, 0.008 1.869  0.03
Suryanamaskar 2.37+0.22 2.43+0.25 0.06+0.03 —0.158, 0.027 1.458 0.08
Control 2.41=x0.19 2.43%0.21 0.02=0.19 -0.110, 0.070 0.462 0.3
BMI (kg/m?)
Circuit 29.41+3.43  28.75=3.42 —0.65+0.60 0.386, 0.923 5.065 0.0001
Treadmill 28.26+2.89 27.8+3.02 —0.46+0.40 0.272, 0.642 5.164 0.0001
Suryanamaskar 29.01+3.02  28.53+2.94 —0.48+0.46 0.281, 0.683 4.979 0.0001
Control 26.58+x2.50 26.57=2.53 -0.01+0.38 —0.168, 0.188 0.117 0.3
Metabolic age
Circuit 57.09+10.80 55.95=10.77 —-1.13%1.61 0.421, 1.851 3.306  0.001
Treadmill 52.28=10.11 51.23+10.70 —1.04+1.39 0.412, 1.683 3.440  0.001
Suryanamaskar 51.86=10.27 51.48+10.28 —0.38=0.01 —0.198, 0.963 1.366  0.09
Control 48.65+10.13 48.31=10.28 —0.33+1.09 —-0.175, 0.850 1.378  0.09
Body water %
Circuit 40.93x2.70  42.45=2.90 1.51£3.22 —2.947, —0.089 2210 0.02
Treadmill 41.08+3.49  42.59+3.55 1.50=2.48 —2.634, —0.375 2.780  0.005
Suryanamaskar 39.60+4.29  41.63+3.80 2.02+2.73 -3.211, —0.841 3.547 0.0009
Control 40.62+3.68  41.92+3.37 1.29+3.38 —2.882. 0.290 1.710  0.05
Visceral fat rating
Circuit 9.54+1.65 8.31+£1.91 -1.22+1.79 0.430, 2.02 3.202 0.002
Treadmill 7.81=£1.94 7.67+2.2 -0.14+1.35 —0.472, 0.758 0.4841 0.3
Suryanamaskar 9.30+2.03 8.44+1.73 -0.87=1.45 0.240, 1.499 2.865 0.004
Control 8.65+1.98 8.6=2.01 -0.05=1.14 —0.486, 0.586 0.195 0.4
Cardiorespiratory fitness (estimated VO, max)
Circuit 24.67+3.57  28.86+3.53 4.19+2.55 —5.326, —3.056 7.683 0.0001
Treadmill 26.27+4.00  28.37+4.56 2.09+1.8 —-2917, —1.274 5.319 0.0001
Suryanamaskar 26.06+=3.90  29.76+4.12 3.67+2.21 —4.631, =2.717 7.961 0.0001
Control 25.52+4.09 25.64+3 0.12+2.8 —1.440, 1.190 0.198 0.4
Muscle endurance
Upper limb (modified push ups)
Circuit 18+8 28=+7 10+£4.0 -11.218, -7.6 10.821 0.0001
Treadmill 15+6 22+6 7+3.8 —7.872, —4.414 7.411  0.0001
Suryanamaskar 21+12 32+9 11+£6.29 —13.505, —8.060 8.214  0.0001
Control 18+11 18+10 0+4.60 —2.504, 1.804 0.340 0.4
Lower limb (1/4 squats)
Circuit 42+9 51+8 9+5.91 -11.17, =5.921 6.773 0.0001
Treadmill 46+9 56+10 10+4.9 —12.028, —7.495 8.985 0.0001
Suryanamaskar 42+9 53+8 11+6.39 —13.157, —7.626 7.794  0.0001
Control 38=+9 39+9 1+3.54 —2.808, 0.508 1.451 0.08
Flexibility
Circuit 8.85+2.22 9.15+2.47 0.31+0.77 —-0.651, 0.032 1.882  0.03
Treadmill 8.64+1.92 8.68+1.98 0.04=0.87 —0.443, 0.357 0.2233 0.4
Suryanamaskar 9.43=1.53 10.61=1.70 1.18+0.53 —-1.411, —0.945 10.477 0.0001
Control 9.12+2.26 9.29+2.10 0.17+0.65 —0.479, 0.129 1.202 0.1
Values are mean=SD; P value was set at 0.05. SD = Standard deviation; ClI = Confidence interval
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Table 4: ANCOVA test resulis

Outcome measures Circuit Treadmill Suryanamaskar Control P F
Mean SD Mean SD Mean SD Mean SD ANCOVA RMANOVA
Body composition
Weight
Baseline 72.06 868 6750 7.05 70.80 6.80 65.62 5.43 0.0003 7.48
After 8 weeks 70.45 877 6636 7.11 69.60 6.60 65.55 5.45
Body fat %
Baseline 4396 470 3855 5.01 41.88 5.05 4325 512 0.0062 3.79
After 8 weeks 41.74 6.07 37.84 4.99 40.3 4.83 43.32 5.58
Muscle mass
Baseline 39.65 253 3839 550 3853 3.78 3852 1.87 0.55 1.303
After 8 weeks 4123 3.73 38.89 531 39.38 4.46 38.81 3.34
Bone mass
Baseline 2.44 023 233 0.30 2.37 0.22 2.41 0.19 0.66 0.684
After 8 weeks 2.47 0.21 2.41 0.31 2.43 0.25 2.43 0.21
BMI (kg/m?)
Baseline 29.41 3.43 2826 2.89 29.01 3.02 26.58 2.50 0.0002 13.47
After 8 weeks 28.75 342 27.80 3.02 2853 2.94 2657 2.53
Metabolic age
Baseline 57.09 10.80 52.28 10.10 51.86 10.27 48.65 10.13 0.19 1.229
After 8 weeks 55.95 10.77 51.23 10.70 51.80 10.28 48.31 10.28
Body water %
Baseline 4093 270 41.08 3.49 39.60 429  40.62 3.80 0.85 0.43
After 8 weeks 4245 290 4259 355 41.63 3.80 4192 3.37
Visceral fat rating
Baseline 9.54 1.65  7.81 1.94 9.30 2.03 8.65 1.98 0.05 2.685
After 8 weeks 8.31 1.91 7.67  2.20 8.44 1.73 8.60  2.01
Cardiorespiratory fitness
Estimated VO, max
Baseline 24.67 3.70 2627 4.00 26.06 3.90 2552 4.09 <0.0001 28.35
After 8 weeks 28.86 3.53 2837 456 2976 412  25.64 3.00
Muscle endurance
Upper limb (modified push ups)
Baseline 18 8 15 6 21 12 18 11 <0.0001 14.63
After 8 weeks 28 7 22 6 32 9 18 10
Lower limb (1/4™ squats)
Baseline 42 9 46 9 42 9 38 9 <0.0001 17.89
After 8 weeks 51 8 56 10 53 8 39 9
Body flexibility
Sit and reach test (inches)
Baseline 8.85 2.22 8.64 1.92 9.43 1.53 9.12 2.26 <0.001 37.82
After 8 weeks 9.15 247  8.68 1.98  10.61 1.70 929 2.01

BMI = Body mass index; SD = Standard deviation; ANCOVA = Analysis of covariance; RMANOVA = Repeated measures analysis of variance

associated with less reduction in total body weight. Study
by Catenacci and Wyatt®! showed that exercise training
improves body composition often independent of weight
loss. Hence change in body weight is less reliable as an
only outcome.

In sedentary adults, there is decline in muscle tissue by
4-6 Ibs per decade!® and muscle efficiency also reduces.*!
This often leads to a drop in the resting metabolic rate and
an increase in body fat.!**?! Even 2-3% increase in resting
metabolic rate could have the effect of reversing age-related
weight and fat gain.?”! Aerobic exercise improves metabolic
functions, especially enzymes in the muscles whereas,
resistance training improves muscle protein synthesis
and hence muscle mass. Aerobic exercise training also
helps to maintain or slows down the loss of bone mass!*”
whereas resistance training improves bone mass.! But

no noteworthy change was observed in bone mass in any
of the groups in the current study.

The metabolic age is calculated by comparing the basal
metabolic rate of that chronological age group. Increase
in lean body mass increases basal metabolic rate and
thus lowers metabolic age. The metabolic age reduced
appreciably by 1 year in CT and TM groups with no
notable change in SN group. Any enhancement of fitness
comes from alteration in several metabolic processes.*
Regular exercise is also associated with changes in muscle
morphology and metabolism that correspond to a
marked decrease in metabolic risk®! and increased life
expectancy.®

The body mechanisms to regulate water content are
compromised with increasing age which are further
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exacerbated with hormonal changes in menopause,
medical conditions like hypertension and use of certain
medications, e.g. diuretics.”” Body water percentage is an
imperative marker of ageing. Equivalent rise in body water
% with SN, CT and TM training by 5.1%, 3.7% and 3.6%
was noted in the present study.

Physical inactivity coupled with obesity increases the risk
of cardiovascular and other obesity related diseases.F®
When assessing the impact of obesity on health status,
CRF evaluation is fundamental part. Large observational
studies®”3¥ recommend that CRF is inversely related to
morbidity and mortality in obesity. So, improvement in
CRF may be more essential than changes in body weight or
BMI in reducing the risk factors for obesity co-morbidities.

Cardiorespiratory fitness is best designated by maximal
aerobic capacity, that is, VO, . It reflects the oxygen
delivery to the exercising muscles by the cardiovascular
and respiratory system. CRF depends on maximal cardiac
output and the ability of skeletal muscle to extract oxygen.
Hence it enhances the ability to exercise for prolonged
duration. VO, _ based on the SWRT performance showed
maximal improvement with CT (17%) followed by
SN (14.1%) and modest increase with TM training (8%).
Increase in CRF in all 3 groups was statistically significant.
When comparing between the groups, CT and SN were
equally effective while, CT was more effective as compared
to TM training in improving CRF.

There are tall claims in weight management, but may not
offer management of factors like endurance and flexibility
which are impaired in obese people in such weight
management programs.

Increase in mitochondrial size and number and
mitochondrial enzymes is mediated by the repetitive
contractile activity of the muscle. Also these adaptations
are very specific to the type of muscle fibres recruited.
Increase in muscle endurance would be because of the
metabolic adaptations occurring with training are lower
blood lactate levels which delays the development of
fatigue and increased fat oxidation.*®! The upper limb
muscle endurance improved equally in CT and SN
group (51.4% and 51.2%) respectively. CT group involved
loading of the upper limb specifically in push-up, pull
down and biceps curls. In the CT group, the increased
muscle endurance can be attributed to the low intensity
training with higher number of repetitions (40% of 1
RM x 3 sets of 10 repetitions).

Also in SN with repetitive upper limb loading
with body weight in specific aasanas of SN like
Ashwanasanchalanasana, Chaturnamaskara and

Bhujangasana would activate various upper limb muscles
to maintain the posture in that particular aasana. Unlike
this, there was no upper limb activity in TM training.
An unexpected increase in TM group of (40%) was
detected which further needs to be investigated. The
lower limb muscle endurance demonstrated significant
improvements in all exercise groups. Equal improvement
was observed with SN and TM by 24.5% and 21.2% and
20.3% with CT.

Flexibility is the ability to move the joint through its
complete ROM.*Y Insufficient ROM increases the risk
of injury to the adjacent muscles and joints. Reduced
flexibility may be because of various reasons like
deskbound lifestyle, physical inactivity or deposition of
fat around the joints restricting complete ROM. Alterations
in flexibility can lead to various biomechanical changes
in joints and altered postures. Hence, flexibility is needed
to perform daily activities with ease. Significant increase
in flexibility was seen in the CT and SN groups by 3.5%
and 12.5%. Remarkable increase in flexibility by 12.5%
in the SN group was observed as compared to 3.5% in CT
group. The different postures in SN demanded movement
till the end ROM which would be the reason of noteworthy
change with SN training. Nonsignificant improvement
was noted of 0.5% with TM training. Compared to the
SN and CT, there is minimal motion at the hip, knee and
the lumbar spine during TM walking thus resulting in
reduced flexibility.

Thus, employing exercise leads to measurable
improvements in overall health status. This improvement
is as a result of improvement in metabolic status, more
efficient musculoskeletal and the cardiorespiratory
system that can lead to a parallel increase in lean tissue
and reduction in fat mass.[*#? It appears that as long as
the increase in energy expenditure is sufficient, low to
moderate-intensity endurance exercise is likely to generate
beneficial metabolic effects similar to high-intensity
exercise. !

Clinical implications

The present study suggests that any of these forms of
exercise is beneficial for fitness and can be implemented
for obesity management. Also, there are different types of
benefits by different forms of exercise and no one method is
superior to other, barring a few factors like flexibility. As far
as time factor for exercise prescription was concerned, all
three modes took an equal time of approximately 45-60 min,
although a lesser time requirement has been documented
in literature for SN. Thus, the authors recommend using
SN is a better method as it has an added advantage of not
requiring any instruments as in circuit and requires less
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space unlike walking. Hence, SN provides economic and
time factor advantages and provides complete provision
of fitness enhancement, including flexibility. This was not
part of the research objectives though.

Limitations

Diet factor control or modification was not considered
in the present study. More objective method for exercise
intensity calculation was not used and only RPE was
considered.

Although there are many literatures available on SN
technique, no known documented evidence was obtained
for the modified SN chair technique used in the study and
establishing the reliability of this procedure itself is an
important aspect. Workers in the field of SN suggest that
more than 1400 different modifications can be possible in
SN itself. This modified technique, in the present study,
may be considered as the authors’ innovation to match the
needs of the population under investigation.

CONCLUSION

All the three training methods, viz. SN training, CT and
TM training are effective in weight management and
improvisation of physical fitness parameters in over weight
and obese females.

Of these, circuit and SN training was more effective in
improving cardio-respiratory fitness and upper limb
muscle endurance while only SN was effective in
improving body flexibility.
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