- Original Article

Sleep Quality and Body Composition Variations in Obese Male Adults
after 14 Weeks of Yoga Intervention: A Randomized Controlled Trial

Abstract

Background: Obesity is a big challenge all over the world. It is associated with many
noncommunicable diseases. Yoga known to be add-on treatment may be effective for obesity control.
Aim: To assess the effect of integrated approach of yoga therapy (IAYT) for body composition
and quality of sleep in adult obese male. Subjects and Methods: A randomized controlled trial
was conducted for 14 weeks on obese male of urban setting. Eighty individuals were randomly
divided into two groups, i.e., yoga group (n = 40; age; 40.03 + 8.74 years, body mass index [BMI]
28.7 + 2.35 kg/m?) and control group (age; 42.20 + 12.06 years, BMI 27.70 + 2.05 kg/m?). The
TIAYT was imparted to yoga group for 1% hour for 5 days in a week for 14 weeks. The control
group continued their regular activities. The body composition by InBody R20 and sleep quality
by Pittsburgh Sleep Quality Index (PSQI) were assessed. Statistical analysis was done for within
and between groups using SPSS version 21. The correlation analysis was done on the difference
in pre-post values. Results: The results showed that weight (P = 0.004), BMI (P = 0.008), bone
mass (P = 0.017), obesity degree (P = 0.005), and mineral mass (P = 0.046) were improved in yoga
group and no change in control group (P > 0.05). The global score of PSQI improved (P = 0.017)
in yoga group alone. Conclusion: The results indicate the beneficial effects of IAYT on body
composition and sleep quality in obese males. The yoga practice may reduce obesity with the
improvement in quality of life.
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sleep

of obesity is still not fully known, but
it is a multifactorial disease involving
many factors such as stress, environment,

Introduction

Obesity is a serious health problem, and it
is increasing all over the world.*? Obesity

is increasing among urban populations in
India and other South Asian parts. As per
the World Health Organization (WHO),
19% of the Indian male population and
23% of female population are overweight.
In addition, 3.1% male and 6.5% female
population are obese in India.”! As per the
National Family Health Survey 2007 in
Maharashtra, 15.9% male and 18.1% female
are overweight or obese, respectively.”

Lifestyle changes, urbanization, and
socioeconomic status are risk factors for
noncommunicable  diseases  including
obesity.!!"*1 The alternative therapies for
obesity are effective and desirable for its
prevention and control.[®

Obesity is considered as imbalance of
energy intake and energy expenditure. The
excessive intake of sugar and junk food
causes deposition of fat.”? The development
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behavioral, lifestyle, social network, and
genetic factors.®'% The body composition
parameters are better indications to
understand the intricacies of obesity.

The stress is one of the causes of obesity
and the poor quality of sleep. A recent
study reported that the association between
sleep duration and obesity is not clearly
established.™  Another recent study
concluded that body composition and diet
are linked to sleep physiology and suggested
for dietary interventions for treating the
sleep disorders and for improving sleep
quality."” Furthermore, it is reported that
sleep duration is a crucial factor influencing
the bodyweight and eating behavior and
the recent study concluded that reduced
sleep duration is negatively associated with
body composition.'¥ In addition, there
was association between higher fat mass

How to cite this article: Rshikesan PB,
Subramanya P, Singh D. Sleep quality and body
composition variations in obese male adults after 14
weeks of yoga intervention: A randomized controlled
trial. Int J Yoga 2017;10:128-37.

Received: August, 2016. Accepted: January, 2017

PB Rshikesan,
Pailoor Subramanya’,
Deepeshwar Singh'

Research Scholar, Swami
Vivekananda Yoga Anusandhana
Samsthana, 'Division of Yoga
and life Sciences, Swami
Vivekananda Yoga Anusandhana
Samsthana, Bengaluru,
Karnataka, India

Address for correspondence:
Dr. Pailoor Subramanya,
Division of Yoga and Life
Sciences, Swami Vivekananda
Yoga Anusandhana Samsthana,
#19 Eknath Bhavan, Gavipuram
Circle, Bengaluru, Karnataka,
India.

E-mail: pailoors@gmail.com

Access this article online

Website: www.ijoy.org.in

DOI: 10.4103/ijoy.lJOY_53_16
Quick Response Code:

© 2017 International Journal of Yoga | Published by Wolters Kluwer - Medknow



Rshikesan, et al.: Yoga intervention and obesity

and poor sleep efficiency in two separate studies, one on
college students!' and the other on preschool children.!'!

Further, a recent study reported that disturbance in sleep and
circadian rhythm are also risk factors for the development
of obesity.l'Y The endocannabinoid system, a regulator in
hedonic feeding, may be the link between sleep, circadian
rhythm, and feeding behavior.'®! Also, the variation in gut
microbe composition, circadian misalignment, and sleep
are linked, in the development of obesity.'! Further, as per
the critical review of published studies on the role of sleep
quality on metabolic syndrome, it is concluded that the
sleep and metabolic interactions exist and are operational
in specific settings.'” Thus, it is noted that the relation
between sleep diet and body composition parameters are
complex, and specific study of these causative factors,
applicable to the urban male adults, will be rewarding.

The obesity standard is different for different ethnic groups.
The WHO definition is that body mass index (BMI)
>25 kg/m? is overweight and BMI >30 kg/m? is obesity.
However, for Asian population, BMI cutoff points are lesser
and BMI above 23 kg/m? is considered as overweight and
above 25 kg/m? is considered as obese.!'®!) In the current
study, we have considered aforementioned standard for the
obese adults.

The present methods for controlling the obesity are bit
expensive with many limitations and it will be useful if
alternative methods are validated.'”) Yoga is one of the
ancient mind-body therapies from India, consisting of
specific yoga postures, breathing practices, and meditation
techniques for the treatment of obesity. According to sage
Patanjali, the essence of yoga is to control over the turbulent
mind (circa. 400 BC, PY.S. Chapter I, Verse I1).2% Previous
studies have shown that the psychosomatic diseases are
effectively prevented and controlled by yogic practices.!

A very recent systematic review study from 30 trials
compared from the 441 records, on effects of yoga
on weight-related outcome, reported that yoga can be
preliminarily considered as safe and effective intervention
for weight reduction.”? However, it was reported that,
though obese or overweight individuals had effect on
the BMI reduction, these effects were not robust against
selection bias.”? Yoga and body composition studies
along with sleep parameters are very limited. Further, the
earlier studies were lacking the assessments of specific
urban working male subjects which is done in the current
randomized controlled study.

In addition, the yoga practice requires minimum space and
investments compared to many other physical activities.
Thus, it is prudent to explore the yoga therapy for long-term
weight reduction in urban adults. Therefore, the present
study is intended to investigate the effect of 14 weeks yoga
training on body composition and sleep quality in obese
adults.

Subjects and Methods

Total of 80 obese male participants were enrolled in the
present study. The sample size was calculated based on
the prior study of Dhananjai ef al. using an open source
software G*Power.>?! In the earlier study on obesity, hip
circumference had the lesser effect size and considering this
parameter the minimum sample size was 29. The power of
sample size used was 0.9.

In the current study, of 80 participants enrolled, 8 were
dropout and 72 completed the intervention. The integrated
approach of yoga therapy (IAYT) was imparted to yoga
group for 1% h for 5 days in a week, for 14 weeks. The
yoga intervention details are given in Table 1. No specific
physical exercise was administered to the control group,
but they were asked to continue their regular normal
routine. All participants were recruited by advertisement
and telephone messages in Anushakti Nagar, Mumbali,
India. The trial profile of the study is given in Figure 1.

Inclusion criteria

(i) BMI between 23 kg/m? and 35 kg/m? (ii) only male
adult ages from 18 to 60 years, and (iii) normal health for
doing simple yoga practices. No participants were trained
to yoga practices before were included.

Exclusion criteria

(1) Individuals who had surgery in the past 6 months,
(i) any other neurological or psychiatric problems, and
(iii) other health conditions (such as pain and injury) were
unsuitable for doing yoga were excluded from the study.
All participants were randomized into two groups with

Table 1: Yoga intervention details

The S part daily (5 days a week) yoga
Yoga intervention Duration (minutes)
Lecture and Counselling 10
Warm Up 10
Suryanamaskara 10
Asana 30
Pranayama 15

Surya Anuloma Viloma
Nadishudhi

Ujjayi

Bhramari

Bhastrika

Vibhagiya Pranayama

Cooling Pranayamas
Meditation 15

OM Meditation
Mind Sound Resonance Technique
Cyclic Meditation
Shavasana
Total duration 90
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Figure 1: Trial profile

minimization of cofactors by an open source software
program MinimPy.[>>2 The study was approved by the
Institutional Ethical Committee, and informed consent was
obtained from each participant. Both groups received their
respective measurement values food log format and basic
sample meal plan prepared for sedentary male adults based
on standard guidelines.?”

Assessments
Sleep quality

The Pittsburgh Sleep Quality Index (PSQI) is one of
the validated scales for assessing the quality of sleep
applicable for various groups.?® PSQI questionnaire was
used for the assessment of quality of sleep.*” This contains
19 items and gives 7 component scores of subjective
sleep quality (slpq), sleep latency, duration, habitual sleep
efficiency (hsle), sleep disturbance, sleep medication, and
daytime dysfunction. In addition, there is a global score on
quality of sleep. The maximum global score is 21. PSQI
score more than 5 is considered as poor quality.”? This
scale is validated in different populations (with Cronbach’s
alpha 0.8) and is an effective screening tool.F%*!! In
earlier studies, the global PSQI score >5 got diagnostic
sensitivity of 89.6% and specificity of 86.5% (x = 0.75,
P < 0.001) for differentiating poor and good sleepers.’!
The questionnaire was filled by individuals in hard copy
in single sitting in a comfortable position, before body
composition assessments.

Body composition

There are different methods for the body composition
assessment. Bioelectrical impedance (BIA) principle
was used in the current study for body composition
assessments. The InBody, Maltron, Tanita, etc., are some
of the validated instruments. In the current study, we have
used InBody R20 instrument to assess the different indices
of body composition in obese adults.

BIA principle was used to estimate body composition and is
a non invasive method.?*3” The InBody R20 is a validated
scale for BIA which is used for scientific studies on obesity.?!
The major outcomes are weight, body fat mass, percentage
body fat, skeletal muscle mass, BMI, basal metabolic
rate (BMR), waist-hip ratio, total body water, fat-free
mass (FFM), segmental muscle mass and segmental fat mass,
and mineral mass (Mm). The readings were taken with empty
stomach in the morning for both pre-post readings.

The body composition was assessed in the morning with
overnight fasting. The instrument used was InBody R20 (Sr.
No PA 904F1D1 of M/s Bio space Co. Ltd.,) from the UK,
and the same instrument was used for measurements of both
before and after the intervention. All accessories metallic
items were removed from pockets and the participants
were asked to stand straight and still on the foot pad with
light clothing. The foot was placed in the foot pad as per
the shape of the electrode guide. First, the body weight
was registered and then they were asked to hold the hand
grips properly without moving the body. The readings were
directly transferred to the connected computer. The height
was measured using anthropometric inelastic tape.

Data extraction/procedure

PSQI contains 19 self-rated questions for scoring. The
19 questions are combined to form seven component score,
each of which has a range of 0-3 points. Zero indicates
no difficulty and 3 indicates severe difficulty. The seven
components are added together to get global score with a
range of 0-21 points, 21 indicating severe difficulty in all the
areas. After scoring 7 components and the global score, as
per the scoring procedure,” the data were coded, tabulated,
screened, and carried out the data entry for processing.

The InBody R20 instrument was connected by universal serial
bus to computer while taking the individual assessments and
the raw data of the individual body composition parameters
were recorded in computer during assessment. The coded
and tabulated data were screened and transferred to single
excel sheet in the requisite format for analysis.

Data analysis

This statistical package for the social sciences(SPSS)
owned by IBM version was used for the data analysis.
The data were analyzed for normality using Shapiro-Wilk
test. Further, for all the pre-post values of both yoga and
control groups, the paired sample #-test was carried out, on
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all the variables which were found normally distributed.
The body composition parameters and PSQI global score
distribution were found normal, but the seven components
of PSQI were not normal. For these seven components of
PSQI, nonparametric test was carried out using Wilcoxon
signed-rank test. The between-groups analysis was
performed using the independent sample #-test for the pre
and post values of yoga and control groups. To find the
relative improvement among the variables, the change in
each variable was correlated each other. In the analysis,
P < 0.05 was considered statistically significant.

Results

The baseline demographic educational and anthropometric
data were found similar. In yoga group, the age of
individuals ranged from 26 to 60 and in control group
from 21 to 58 years. The baseline data of age and height
are given in Table 2. The yoga group BMI ranged from
25.33 kg/m? to 34.84 kg/m? (mean + standard deviation [SD];
28.7 + 2.35 kg/m?) and for the control group it was from
25.01 kg/m? to 33.64 kg/m? (mean + SD; 27.70 £ 2.05 kg/m?).
For all participants, BMI was found above 25 kg/m* The
50% of individuals in each group was with age between 18
and 40 years and 50% were in age group of 40-60 years.
Similarly, education of half of each group was up to degree
and balance half was post graduate or above.

The within-group analysis results are given in Table 3. In
both the groups, the PSQI global score was improved but the
improvement was significant (P < 0.02) in yoga group alone.

The PSQI global score of 5 and above is considered as
poor quality.®® Before the intervention, PSQI global score
was more than 5, in the yoga group and there was 18%
improvement in the score. The score improved to good
quality (4.16 £ 2.03) after the intervention.

The body weight in the yoga and control groups decreased
after intervention. However, the weight reduction was
significant in yoga group (P = 0.004) alone. Similarly,
improvement in the BMI was significant in yoga group
(P < 0.01) alone. In addition, reduction in bone mass
(Bm) and mineral mass (Mm) (P < 0.02) and obesity
degree (current weight divided by ideal weight multiplied
by 100) (P < 0.01) were significant in yoga group and
no change in control group. In both groups, both the arm
lean masses increased whereas in control group trunk lean
mass also increased. In both the groups, all other body
composition parameters were reduced.

The seven component PSQI scores of yoga and control
groups are given in Tables 4 and 5, respectively. In the
yoga group, out of 7 PSQI components, 5 showed the
improvement in trends from pre to post and the balance two
components, (hsle; P < 0.02) and (slpq; P < 0.03), reported
significant improvement. The global score of PSQI showed
significant improvement in yoga group alone. In the control
group, though the component of slpq improved (P < 0.04),
the use of sleep medication and daytime dysfunction
showed increasing (worsened) trend.

In the between-group analysis, the changes were not
significant in pre as well as in post readings. The
postintervention between-group analysis results are given
in Table 6.

To find out the relative improvements (from pre to post)
among the variables, each variable was correlated with
each other. The outcome is summarized in Table 7. There
was a significant positive correlation of BMI with protein
mass (r = 0.308, P < 0.01), Mm (r = 0.227, P < 0.05),
bone mass (r = 0.233, P < 0.05), BMR (0.237, P < 0.01),
fat mass (0.511, P < 0.01), FFM (0.0.324, P < 0.01),
total body water (r = 0.324, P < 0.01), skeletal muscle
mass (r = 0.326, P < 0.01), and PSQI score (r = 0.201,
P < 0.05). It was also found that FFM is strongly and
positively correlated to BMR.

None of the participants reported any adverse effect of
yoga intervention.

Discussions

The aim of the current study was to find out the effects
of 14 weeks IAYT intervention on body composition
and sleep parameters. As an outcome of intervention, the
PSQI global score as well as the slpq and sleep efficiency
components were improved with significance, which was
consistent with the improvements in body composition
parameters. The body weight, obesity degree, BMI, bone
mass, and Mm were reduced with significance in yoga
group alone. Further, there was a trend of improvement in
all the body composition parameters in yoga group. In the
current study of 1% time yoga doers, the slpq and efficiency
scores improved 34.6% and 54%, respectively. This shows
the possibility of the yoga intervention in combating the
obesity difficulties in urban setting. Further, as reported
earlier, sleep parameters play a key role in energy
metabolismB*49 and the current study shows improvement
in both sleep quality and body composition parameters.

Table 2: Baseline data of age and height

Variable Yoga group (n=37) Control group (n=35)

Pre 95% CI Pre 95% CI
Age (years) 40.03+8.74 37.12-42.94 42.20£12.06 38.76-46.89
Height (m) 169.45+7.35 167.00-171.90 169.29+6.37 167.17-171.65

CI = Confidence interval
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Table 3: Within-group analysis

Variable Yoga group (n=37) Control group (n=35)

Pre Post Pre Post
Wt (kg) 82.63+10.05 81.51+10.00%** 79.45+8.85 79.22+8.93
BMI (kg/m?) 28.7+£2.35 28.33+2.42%* 27.70£2.05 27.61+2.01
BMR (kcal) 1582.81+151.60 1574.35+145.84 1566.83+128.98 1564.37+130.06
Bm (kg) 3.16+0.44 3.08+0.42 3.11£0.39 3.09+0.39
Obdr 130.52+10.65 128.77+10.98** 126.11+9.41 125.56+£9.27
Smm (kg) 31.61+4.18 31.37+4.04 31.14+3.59 31.04+3.60
Fm 26.48+5.42 25.7546.03 24.04+5.65 23.91+£5.63
Pfin 31.94+4.36 31.43+4.84 30.05+5.14 29.98+5.14
Aobd 0.94+0.03 0.94+0.03 0.94+0.03 0.93+0.03
Ralm (kg) 3.33+0.49 3.35+0.53 3.23+0.44 3.27+0.46
Lalm (kg) 3.284+0.47 3.294+0.52 3.21+0.42 3.25+0.45
Tlmr (kg) 26.15+2.89 26.12+3.08 25.59+2.58 25.77£2.71
Rllm (kg) 8.49+1.27 8.47+1.25 8.33%1.10 8.27+1.08
Lllm (kg) 8.54+1.26 8.49+1.18 8.27+1.06 8.24+1.07
Wmra (kg) 1.86+0.61 1.8140.70 1.64+0.61 1.62+0.62
Wmla (kg) 1.88+0.61 1.84+0.71 1.65+0.60 1.62+0.62
Wmt (kg) 14.3542.83 13.97+3.24 13.06+3.09 13.0543.10
Wmrl (kg) 3.5440.74 3.42+0.75 3.234+0.71 3.17+0.66
Wmll (kg) 3.53+0.73 3.41+0.74 3.22+0.71 3.16+0.65
Pfra 34.00+6.95 33.10+7.28 31.73+8.26 31.25+8.75
Pfla 34.59+6.99 33.82+7.53 31.94+8.04 31.36+8.89
Pft 33.96+4.04 33.34+4037 32.2245.03 32.09+5.19
Pfrl 28.21+3.89 27.59+4.11 26.75+4.43 26.534+4.28
Pfil 28.04+3.87 27.49+4.12 26.80+4.46 26.56+4.27
Pm (kg) 11.09+1.38 11.02+1.35 10.94+1.18 10.90+1.19
Mm 3.77+0.52 3.70+0.50* 3.74+0.45 3.71+0.46
Tbwm (kg) 41.14£5.14 40.90+4.95 40.59+4.35 40.54+4.40
Skim (kg) 53.00£6.60 52.68+6.37 52.29+5.62 52.20+5.66
Ffm (kg) 56.09+7.03 55.71£6.74 55.36+5.97 55.25+6.03
PSQI 5.08+2.75 4.16+2.03* 4.86+2.5 4.23+2.45
slpq 0.84+0.69 0.57+0.55* 0.83+0.41 0.63+0.55*
Slpl 0.81+0.70 0.68+0.67 0.77+0.91 0.69+0.83
Slpd 0.68+0.75 0.76+0.55 0.83+0.75 0.69+0.76
Hsle 0.59+0.93 0.27+0.51* 0.46+0.74 0.23+0.49
Sldd 1.30+0.70 1.14+0.54 1.29+0.57 1.26+0.61
Uslm 0.14+0.35 0.08+0.28 0.03+0.17 0.09+0.28
Dtd 0.73+0.69 0.68+0.53 0.66+0.54 0.66+0.68

The significance levels - (*P<0.05, **P<0.01 and P<0.001). Wt = Weight, BMI = Body mass index, BMR = Basal metabolic rate, Bm =
Bone mineral mass, Obdr = Obesity degree, Smm = Skeletal muscle mass, Fm = Body fat mass, Pfin = Percentage body fat from InBody,
Aobd = Abdominal obesity degree, Ralm = Right arm lean mass, Lalm = Left arm lean mass, Tlmr = Trunk lean mass, Rllm = Right leg
lean mass, Lllm = Left leg lean mass, Wmra = Water mass of right arm, Wmla = Water mass of left arm, Wmt = Water mass of trunk,
Wmrl = Water mass of right leg, Wmll = Water mass of left leg , Pfra = Percentage body fat of right arm, Pfla = Percentage body fat of left
arm, Pft = Percentage body fat of trunk, Pfrl = Percentage body fat of right leg, Pfll = Percentage body fat of left leg, Pm = Protein mass,
Mm = Mineral mass, Tbwm = Total body water mass, Sklm = Skeletal lean mass, Ffm = Fat free mass, PSQI = Pittsburgh Sleep Quality

Index-global score, slpq = Subjective sleep quality score, Slpl = Sleep latency score, Slpd = Sleep duration score, hsle = Habitual sleep
efficiency score, Sldd = Sleep disturbance score, Uslm = Use of sleep medication score, Dtd = Daytime dysfunction score

A recent previous study*! assessing the circadian measures
(i.e., melatonin and cortisol) in middle-aged men showed
evidence of association of altered circadian rhythms with
reduced melatonin response and cognitive impairment. This
previous study™!! showed a link between circadian rhythms
sleep and cognition. Further, recent previous cross-sectional
study™?! showed that the yoga practice reduces the cortisol

levels anxiety and depression. In addition, relaxation
induced by diaphragmatic breathing decreases the oxidative
stress and cortisol levels.*¥ The hatha yoga practices reduce
psychological stress and affective eating as per previous
studies.*¥ In the current study, yoga practice might have
reduced the cortisol levels and oxidative stress, effecting
improvement in the sleep quality.
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Table 4: Within-group analysis of Pittsburgh Sleep Quality Index components of yoga group

Variable Pre-mean+SD Means 95% CI Post-mean+SD Means 95% CI Significant (two-tailed) Z-score
slpq 0.84+0.69 0.61-1.07 0.57+0.55 0.38-0.75 0.03 —2.24°
Slpl 0.81+0.70 0.58-1.04 0.68+0.67 0.45-0.90 0.23 -1.21°
Slpd 0.68+0.75 0.43-0.92 0.76+0.55 0.57-0.94 0.47 —0.728¢
hsle 0.59+0.93 0.29-0.90 0.27+0.51 0.10-0.44 0.02 —2.52°
Sldd 1.30+0.70 1.06-1.53 1.14+0.54 0.96-1.31 0.11 —-1.60°
Uslm 0.14+0.35 0.02-0.25 0.08+0.28 -0.01.-0.17 0.41 —-8.16°
Dtd 0.73+0.69 0.50-0.96 0.68+0.53 0.50-0.85 0.67 —0.43°

Wilcoxon signed-rank test - *"Based on positive ranks, “Based on negative ranks, The sum of negative ranks equals the sum of positive ranks.
Slpq = Subjective sleep quality, Slpl = Sleep latency, Slpd = Sleep duration, hsle = Habitual sleep efficiency, Sldd = Sleep disturbance, Uslm
= Use of sleep medication, Dtd = Daytime dysfunction, SD = Standard deviation, CI = Confidence interval

Table 5: Within-group analysis of Pittsburgh Sleep Quality Index components of control group

Variable Pre-mean+SD Means 95% CI Post-mean+SD Means 95% CI Significant (two-tailed) Z-score
slpq 0.83+0.41 0.67-0.98 0.63+0.55 0.44-0.82 0.04 =2.11°
Slpl 0.77+£0.91 0.46-1.08 0.69+0.83 0.40-0.97 0.37 -0.91°
Slpd 0.83+0.75 0.57-1.09 0.69+0.76 0.43-0.95 0.24 =1.17°
hsle 0.46+0.74 0.20-0.71 0.23+0.49 0.06-0.40 0.10 —-1.66°
Sldd 1.294+0.57 1.09-1.48 1.26+0.61 1.05-1.47 0.74 —0.33°
Uslm 0.03£0.17 —0.03-0.09 0.09+0.28 —-0.01-0.18 0.32 —1.00¢
Dtd 0.66+0.54 0.47-0.84 0.66+0.68 0.42-0.89 1.00 —0.00¢

Wilcoxon signed-rank test - "Based on positive ranks, ‘Based on negative ranks, ‘The sum of negative ranks equals the sum of positive ranks.
slpq = Subjective sleep quality, Slpl = Sleep latency, Slpd = Sleep duration, hsle = Habitual sleep efficiency, Sldd = Sleep disturbance, Uslm

= Use of sleep medication, Dtd = Daytime dysfunction, CI = Confidence interval, SD = Standard deviation

Stress is cause for many diseases in urban life as reported
in many previous studies. The stress causes the immediate
and long-term disturbance in the psychoneuroendocrine
and immunological pathways. The hypothalamus
pituitary adrenal (HPA) axis and sympathetic nervous
system gets adversely affected and hyperactivated by
influx of emotions from limbic system under the mental
stress.[*] This increases the release of hormones of cortisol
and catecholamine. The repeated state of “fight or flight”
mode makes the HPA axis firing continuously and disrupting
the homeostasis leading to metabolic disorders. Most of the
yogic practices promote parasympathetic activation and
regulation and normalization of HPA axis.*! In addition,
the yoga practices give vagal stimulation reducing heart
rate and blood pressure. The metabolic and psychological
parameters were improved by balance in the HPA axis,
insulin resistance, and lipid metabolism.

Further previous studies showed that insufficient sleep is
linked to increase in obesity,*4”! especially the visceral
adipose tissue.l**! In the current study, the sleep duration
of yoga group increased along with significant reduction
in abdominal obesity degree. The relation between sleep
duration and obesity is not linear, and the poor sleep and
emotional stress are mediating factors in obesity.""! Thus,
in the real life setting, the extending of sleep is found to
promote reducing the desire for high energy foods.” This
might have affected the weight reduction.

Also, as reported previously,''! the emotional stress
and poor sleep are mediating factors in the relationship

between obesity (expressed in body composition
parameters) and sleep duration. The sleep duration
affects the body composition®! and may be more time
period of intervention needed to get more significant
results. In addition, studies reported the role of certain
type of diet pattern,’? affecting the quality of sleep.
In the current study, there was no restriction on food
though the sample meal plan was provided to both the
groups and the inputs on diet information were equal to
both the groups.

There are studies on the effect of the leptin and adiponectin
hormones which effects out the satiety center in
hypothalamus. The leptin and adiponectin helps regulate the
energy balance by inhibiting the hunger. A recent study!™
of 12 weeks yoga-based lifestyle intervention program
showed significant reduction in serum leptin levels with
improvements in anthropometric parameters. The frequency
of self-reported yoga practice showed a significant negative
relationship with leptin and also with adiponectin to leptin
ratio.®”! Further previous studies® showed that intensive
yoga practice has beneficial health consequences in body
weight due to changes in leptin and or adiponectin. The
metabolic improvements obtained in the current study
may be due to energy homeostasis effected by leptin and
adiponectin.

Further, the circadian misalignment in urban lifestyle is
a predominant factor and this leads to adverse effect in
energy balance. The endocannabinoid system is signaling
the pathways to modulate the metabolic functions.%5
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Table 6: Between-group analysis results

Variable Mean+SD t Significant (#-tailed) Difference in mean 95% CI lower/upper
Yoga post Control post
Wt 81.51+10.00 79.22+8.93 1.02 0.310 2.29 (—2.17-6.76)
BMI 28.334+2.42 27.61£2.01 1.37 0.175 0.72 (-0.33-1.77)
PSQI 4.16+2.03 4.23+2.45 —0.13 0.901 —0.07 (—1.12-0.99)
BMR 1574.35+145.84 1564.37+130.06 0.31 0.761 9.98 (—55.11-75.07)
Bm 3.08+0.42 3.09+0.39 —-0.20 0.846 —0.02 (-0.21-0.17)
Obd 128.77+10.98 125.56+9.27 1.34 0.186 3.21 (—1.58-8.0)
Smm 31.36+4.04 31.04+3.60 0.36 0.718 0.33 (—1.47-2.13)
Fm 25.7546.03 23.91+5.63 1.34 0.186 1.84 (-0.91-4.59)
Pfin 31.43+4.84 29.98+5.14 1.23 0.222 1.45 (—0.90-3.80)
Aobd 0.94+0.03 0.93+0.03 0.72 0.476 0.01 (=0.01-0.02)
Ralm 3.35+0.53 3.274+0.46 0.73 0.466 0.09 (-0.15-0.32)
Lalm 3.294+0.52 3.25+0.45 0.38 0.707 0.04 (—0.19-0.27)
Rllm 8.47+1.25 8.27+1.08 0.70 0.487 0.19 (-0.36-0.74)
TIm 26.12+3.08 25.77+2.71 0.51 0.608 0.35 (-1.02-1.72)
Lllm 8.49+1.18 9.24+1.07 0.96 0.34 0.25 (=0.27-0.78)
Wmra 1.81+0.70 1.62+0.62 1.21 0.231 0.19 (-0.12-0.50)
Wmla 1.84+0.71 1.62+0.62 1.35 0.182 0.21 (-0.10-0.53)
Wmt 13.974£3.24 13.05+3.10 1.23 0.225 0.92 (—0.57-2.41)
Wmrl 3.42+0.75 3.17+0.66 1.49 0.141 0.25 (-0.08-0.58)
Wmll 3.414+0.74 3.16+0.65 1.54 0.128 0.25 (-0.07-0.58)
Pfra 33.10£7.28 31.25+8.75 0.98 0.331 1.85 (—1.92-5.63)
Pfla 33.82+7.53 31.36+8.89 1.28 0.208 2.46 (—1.40-6.32)
Pft 33.34+4.37 32.09+5.19 1.10 0.273 1.25 (—1.0-3.50)
Pfrl 27.59+4.11 26.53+4.28 1.07 0.287 1.06 (—0.91-3.03)
Pfll 27.494+4.13 26.56+4.27 0.94 0.351 0.93 (—1.04-2.90)
Pm 11.02+1.35 10.90+1.19 0.38 0.707 0.11 (—0.49-0.71)
Mm 3.7+0.50 3.71£0.46 —0.10 0.921 —0.1 (-0.24-0.21)
Tbwm 40.90+4.95 40.54+4.40 0.33 0.746 0.36 (—1.85-2.57)
Sklm 52.68+6.37 52.20+5.66 0.34 0.736 0.48 (—2.36-3.32)
Ffm 55.71+6.75 55.25+6.03 0.31 0.760 0.46 (—2.55-3.48)

Wt = Weight, BMI = Body mass index, PSQI = Pittsburgh Sleep Quality Index, BMR = Basal metabolic rate, Bm = Bone mineral

mass, Obd = Obesity degree (current wt/ideal wt)x100, Smm = Skeletal muscle mass, Fm = Body fat mass, Pfin = Percentage body fat,
Aobd = Abdominal obesity degree (waist-hip ratio), Ralm = Right arm lean mass, Lalm = Left arm lean mass, Rllm = Right leg lean mass,
Tlm = Trunk lean mass, LIlm = Left leg lean mass, Wmra = Water mass of right arm, Wmla = Water mass of left arm, Wmt = Water mass of
trunk, Wmrl = Water mass of right leg, Wmll = Water mass of left leg, Pfra = Percentage body fat of right arm, Pfla = Percentage body fat
of left arm, Pft = Percentage body fat of trunk, Pfrl = Percentage body fat of right leg, Pfll = Percentage body fat of left leg, Pm = Protein
mass, Mm = Mineral mass, Tbwm = Total body water mass, Sklm = Skeletal lean mass, Ffm = Fat free mass, CI = Confidence interval,

SD = Standard deviation

The uncontrolled binge eating behavior inherent with
easy availability of junk food in the urban lifestyle further
promotes the unbalance in energy intake and expenditure.
The endocannabinoid signaling is reported as neurochemical
mechanism in response to stress®®! and endocannabinoid
system is chronically unregulated due to stress, promoting
the drive to eat merely out of pleasure, in the absence of
any energy deficit. A recent study®” on effect of exercise
on endocannabinoid on male rats with high-fat diet induced
obesity indicated a reversal of metabolic syndrome.®® The
current study of yoga intervention also includes loosening
exercises and siiryanamaskdra along with other yoga
techniques. The overactivation of the endocannabinoid
system is reduced by the yoga practices as evident from the
metabolic improvements.

The two parameters of body composition, bone
mineral (Bm) content and Mm, may increase after
sufficiently long period. Previous study showed that
compared to sedentary people, the marathoners (both
male and female) had higher bone stiffness and density.
%) Furthermore, a systematic review on Bm accrual by
exercise reported increase in Bm with weight-bearing
exercise, in children and adolescents, after 6 months.
9 Unlike the physical exercise, the yoga practice was
reported to decrease the Bm and Mm values in the
beginning. After sufficiently longer period, the Bm and
Mm showed increasing trend.’®! In the recent study of
yoga intervention on weight reduction, the Bm started
increasing in the beginning, and after 22 months of yoga
practice, Bm started decreasing.[®!! It was noted that there
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Table 7: Correlations

Wt BMI  PSQI BMR Bm Smm Fm Pfin Pm Mm Ffm Tbwm Skim
Wt 1
BMI  0.993** 1
PSQI  0.196* 0.201* 1
BMR  0.322** 0.327** 0.149 1
Bm 0.243* 0.233* 0.041 0.809** 1
Smm  0.317*%* 0.323** 0.160 0.995%* 0.776** 1
Fm 0.522** 0.511*%* 0.022 —0.639** —0.528** —0.640** 1
Pfin 0.367*%* 0.356** —0.009 —0.752** —0.593** —0.755%* (.975%* 1
Pm 0.308** 0.317** 0.147 0.988**  0.773**  0.994** —0.640%* —0.754** 1
Mm 0.227* 0.218* 0.073  0.852** 0.943**  0.820** —0.580** —0.658** (.814** 1
Ffm 0.319%* 0.324** 0.146 1.000**  0.810*%*  0.994** —0.641** —0.753** (.988** (.854** 1
Tbwm 0.324** 0.330** 0.157 0.998**  0.781**  0.994** —0.637** —0.750** 0.988** 0.827** (0.998** 1
Sklm  0.319*%* 0.326*%* 0.161 0.998**  0.782**  0.996** —0.641** —0.754** 0.990** 0.828** 0.998** (0.999** |

**Correlation is significant at the 0.01 level (one-tailed), *Correlation is significant at the 0.05 level (one-tailed). Wt = Weight difference between
post and pre, Bm = Bone mass, Smm = Skeletal muscle mass, Fm = Body fat mass, Pfin = Percentage body fat from in body, Pm = Protein mass,
Mm = Mineral mass, Ffm = Fat free mass, Tbwm = Total body water, Skim = Skeletal muscle mass, BMI = Body mass index, PSQI = Pittsburgh

Sleep Quality Index, BMR = Basal metabolic rate

is a complex relationship between adiposity and bone
tissue. The physiopathological participation of adiposity
in homeostasis of bone involves adipokines remodeling.
21 These molecules released from fat cells interfere
in the bone metabolism and the different degrees of
body weight will differently interfere with Bm.[®?! The
serum leptin is inversely associated with Bm density
and strongly associated with fat mass.[®} The yoga
training involved asana pranayama meditation and other
awareness components which might have made the mind
peaceful and influenced the homeostasis positively. The
psychoneuroendocrine and immune mechanism systems
are improved by yoga practice reducing the stress and
improving the balance of the systems.[%!

Further, in the body composition, the fat mass is
negatively correlated and FFM is positively correlated
to Bm and Mm in the current study, as reported in
previous studies.[® Thus, the weight reduction achieved
by intervention is also by reduction in the FFM. Ideally,
the fat is to be reduced and lean body mass is to be
increased after doing yoga.l®® In yoga group, the left arm
lean mass and right arm lean mass showed increasing
trend and more duration of yoga practice may be required
for improvement with significance. In the control group,
in addition to improvements in arm lean mass, trunk lean
mass also showed increasing trend. This may be due to
the physical activities of the control group.

It was also found that the BMI was strongly correlated
to FFM and the BMR as reported earlier.[”? The eating
behavior and sleep act together and affect weight
reduction.®® The current study showed that BMI was
positively correlated to global score of PSQI and the
slpq influenced the weight reduction. Thus, the weight
reduction in yoga group is due to the improvement in
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the stress sleep and eating patterns caused by yoga
training.

The current study was one of the early studies with sleep
and body composition exclusively for obese male adults
in an urban setting. The study showed that IAYT reduces
the obesity and improves sleep quality. In the current study,
the same instruments including InBody R20 were used for
both the pre and post assessments since the measurement
by different analyzers will be misleading.!®

In the current study, the control group was not given
chance to gather together, which is a form of social
cohesion. In the yoga group, the social cohesion also
might have affected stress reduction and sleep quality.
Although the food log format and sample food plan were
given for information to the individuals, diet pattern of
the participants was not assessed. Above are considered
as limitations of the study.

Although the minimization of cofactors was done to have
balance between the two groups, the age range was noted
large in the current study. For future studies, narrow range
of age and trials at different urban cities, having different
food habits can be considered.

Conclusion

Yoga intervention will be effective for controlling the
obesity in male and improving their quality of life. The
body composition parameters sleep quality were improved
due to yoga intervention.
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