ISSN 2522-1906 (Print)
ISSN 2522-1914 (Online)

Original research article

Fizicna Reahilitacia ta
Rekreacijno-0zdorovci Tehnologii

Vol.8No 3

Effects of a 12-Week Yoga Training Intervention on
Blood Pressure and Body Composition in Obese Female
Adolescents: A Randomized Controlled Pilot Study

Mou Pramanik?, Navaraj Chelliah Rajkumar?, Masilamani Elayaraja®, Hemantajit Gogoi¢,

Karuppasamy Govindasamy®

aDepartment of Yoga, College of Science and Humanities, SRM Institute of Science and Technology,

Kattankulathur, Tamilnadu, India

b Department of Physical Education and Sports, Pondicherry University, Pondicherry, India

¢Department of Physical Education, Rajiv Gandhi University, Arunachal Pradesh, India

dDepartment of Physical Education and Sports Sciences, College of Science and Humanities, SRM Institute
of Science and Technology, Kattankulathur, Tamilnadu, India

Received: 03.09.2023
Accepted: 27.09.2023
Published: 30.09.2023

Citation:

Pramanik, M., Rajkumar, N.Ch.,
Elayaraja, M., Gogoi, H., & Govindasamy,
K. (2023). Effects of a 12-Week Yoga
Training Intervention on Blood Pressure
and Body Composition in Obese Female
Adolescents: A Randomized Controlled
Pilot Study. Physical rehabilitation and
recreational health technologies, 8(3),
162-171. https://doi.org/10.15391/
prrht.2023-8(3).05

W% Corresponding author:
Karuppasamy Govindasamy

Department of Physical Education and
Sports Sciences, College of Science

and Humanities, SRM Institute of
Science and Technology, Kattankulathur,
Tamilnadu, India
https://orcid.org/0000-0002-3019-5545
e-mail: gowthamadnivog@gmail.com

Mou Pramanik
https://orcid.org/0000-0002-7560-9019

Navaraj Chelliah Rajkumar
https://orcid.org/0000-0002-7581-5613

Masilamani Elayaraja
https://orcid.org/0000-0002-0022-961X

Hemantajit Gogoi
https://orcid.org/0000-0002-3403-1724

(©MOM

Copyright: © 2023 by the authors.
This article is an open access article dis-
tributed under the terms and conditions
of the Creative Commons Attribution 4.0
International (CC BY) License (https://
creativecommons.org/licenses/by/4.0/).

162

DOI: https://doi.org/10.15391/prrht.2023-8(3).05

Abstract

This study delves into the pressing issue of obesity, a condition char-
acterized by abnormal fat accumulation and a significant contributor
to non-communicable diseases like diabetes, cardiovascular ailments,
hypertension, and hyperlipidemia. With over 1 billion individuals glob-
ally classified as obese, addressing this epidemic is paramount.

Purpose: this research aimed to evaluate the impact of a 12-week
yoga training intervention on blood pressure and body composition
among obese adolescents.

Material & Methods: twenty four female adolescents 4 participants
discared, aged 18-20 years, female adolescents were randomly as-
signed to two groups. One group performed yoga training intereven-
tion (YPG, n=10, age 19.2+0.4) for 12 weeks with two sessions
(morning & evening) for three days a week. A second group acted as
an control group (CG, 18.9%0.9). All participants completed the fol-
lowing tests before and after intervention; body weight, body mass
index, free fat mass, body fat, systolic blood pressure, diastolic blood
pressure, mean arterial pressure, pulse pressure. The results yielded
promising outcomes, with all participants successfully completing the
study, showcasing a 100% adherence rate without any training or
test-related injuries.

Results: the intervention led to significant improvements in several
key parameters. In present study, body weight (p<0.001), a notable
reduction in (BMI), BF% (p<0.001), SBP (p<0.001), MAP (p<0.001),
and PP (p<0.001) were changed significantly.

Conclusion: in conclusion, the 12-week yoga training program
emerged as an effective strategy for reducing body composition in-
dicators such as body weight, BMI, and BF%, while also positively
impacting blood pressure parameters (MAP and PP) in obese female
adolescents. These findings underscore the potential of yoga as a
holistic approach in combating the obesity crisis and its associated
health risks, offering a path toward healthier lifestyles for affected
individuals.

Key words: yoga training intervention, blood pressure, obesity, body
composition, adolescents.

MR Bnnus 12-TUXKHEBOro BTPyYaHHS 3 MOrM Ha aptepiasibHUMA
TUCK i ckag Tina y nigniTkiB 3 OXKMPiHHAM: paHAOMi3oBaHe
KOHTPO/IbOBaHe NiNI0oTHEe AOCNiAXKEHHA

Lle pocnigxXeHHs npucBAYEeHe akTyanbHiM npobnemi  0XUPiHHSA,
CTaHy, WO XapaKTepPU3YETbCA aHOMasibHUM HAKOMUYEHHAM XUpPY Ta
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3HaAYHOK MIpOK CMNpPUSIE PO3BUTKY HeiHpeKUIMHNX
3aXBOpIOBaHb, Takux sk giabeT, cepueBO-CYyAMHHI
3aXBOpPIOBAHHS, TrinNepToHia Ta rinepninigemis.
Ockinbku noHaa 1 Minbspa ntogen y BCbOMy CBITi
KnacudikyroTbCa 9K CTpaXkaawui  OXUPIHHAM,
6opoTbba 3 ui€ enigeMieto € NepLopsaHO.

MeTa: ouiHUTN BNAMB 12-TUXXHEBOro TPEeHYBaHHS
MOorm Ha apTepianbHWIA TUCK | Cknaa Tina cepea
MianiTKIB i3 OXUPIHHAM.

Marepian i MmeToamn: ABagUATE YOTUPU NIANITKHK,
4 yyacHukuM, BikoMm 18-20 pokiB, nignitkn 6ynm
BMMagKOBMM 4YMHOM pO3NOAiINeHi Ha ABi rpynu.
OgHa rpyna nposoguna BTpy4aHHsa 3 noru (YPG,
n=10, Bik 19,2+0,4) npoTarom 12 TUXHIiB 3 ABOMa
ceaHcamu (BpaHLUi Ta BBeYEpi) NPOTAroM TpbOX AHIB
Ha TuxaeHb. [pyra rpyna 6yna koHTponbHoto (CG,
18,9%£0,9). Yci y4yaCHUKM NPOALLAN HACTYMHI TeCTn
[0 Ta nicng BTPyYaHHSA; Maca Tina, iHOeKC Macwu
Tifla, Maca BiNbHOIO XUPY, XWUPOBi BiAKNaAEHHS,
CUCTONIYHUMA apTepianbHUIA  TUCK, AiaCTONIYHUN
apTepianbHU TUCK, CepefHin apTepianbHUN TUCK,
NybCOBUIM TUCK. Pe3ynbTaTi: yCi ydacHUKM yCnilHO
3aBepwnnan  AOCAIAXEHHS, MNPOAEMOHCTPYBaBLUN
100% piBeHb NpUXUAbHOCTI 6€3 6yab-AKNUX TpaBM,
MOB’AA3aHNX i3 HABYAHHSAM UM TECTYBaHHSAM.

PesynbTatn: BTpy4YaHHS MNpU3BENO A0 3HAUYHMX
noKpaweHb KiNbKOX K/OYOBMX MNapaMeTpis. Y
LbOMY AOCAIAXeEHHI 6yno BUABMNEHO,WO0 MOKa3HWU-
K1 Macu Tina (p<0,001) nomiTHO 3Hu3UAnca (IMT),
BF% (p<0,001), SBP (p<0,001), MAP (p<0,001) i
PP (p<0,001) icTOTHO 3MiHMAUCS.

BuUCHOBKM: 12-TMXXHEBa TpeHyBasibHa nporpama
3 Morn BuaBMIAca e@EeKTUBHOK CTpaTeriel Ans
3HWXXEHHS NOKa3HUKIB cknajy Tina, Taknx K mMaca
Tina, IMT i BF %, a TakoX MNO3WTUBHO BMJMBAE
Ha napameTpwu apTtepianbHoro Tucky (MAP i PP) y
nianiTKiB 3 OXKUPiIHHAM. Lli BACHOBKM MiAKpecnoTb
rnoTeHLian noru sk winicHoro niaxoay Ao 60poTbbm 3
KPU300 OXXMPIHHSA Ta NOB'SA3aHMMK 3 HEKO pU3MKaMU
ONa  340pOB’A, MPOMOHYUYM WASX A0 6inbl
340p0OBOro cnocoby XUTTS 4158 nocTpa)kaanmx ocib.

Knio4oBi cnoBa: BTpy4daHHs 1Oru, apTepianbHui
TUCK, OXWUPiHHSA, 6yaoBa Tina, nianiTku.

Introduction

In industrialized countries, obesity has emerged
as a predominant health issue, with its preva-
lence showing a significant increase over recent
decades (Asiah et al., 2023). Obesity is a lifestyle
disease that places a heavy yet avoidable burden
on health. The World Health Organization (WHO)
defines obesity for adults as having a BMI greater
than or equal to 30 kg/m? and defines overweight
for adults as having a BMI larger than or equal
to 25 kg/m? (Alert et al., 2013). The frequency of
obesity has risen globally since 1975 (Templin et
al., 2019). Although 650 million of the roughly 1.9
billion adults in the world over the age of 18 were
obese in 2016, 13% of persons over the age of
18 were obese, and 39% were overweight (Ahmed
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& Konje, 2023; Zubery et al., 2021). Obesity is
a known risk factor for several health risks and
chronic illnesses, including depression, osteoar-
thritis of the knee, type 2 diabetes mellitus, hyper-
tension, hyperlipidaemia, coronary heart disease,
and stroke (Guo et al., 2016; Luppino et al., 2010;
Renehan et al., 2008; Riaz et al., 2018; Silverwood
et al., 2015). Numerous elements, including per-
sonal behavior, social and lifestyle choices, psy-
chological issues, socioeconomic factors, biological
and environmental variables, and health-related
elements, are linked to the development of obesity
(Hendricks et al., 2022; Safaei et al., 2021).

Adolescence, a crucial time for growth and devel-
opment, is marked by various physical and physi-
ological changes (Lords, 2020). Among them,
body composition changes significantly impact how
healthy and happy adolescent girls are (KavehFar-
sani et al., 2020; Ramos-Campo et al., 2021). The
relative ratios of the body’s fat, muscle, bone, and
other components are referred to as body com-
position (Na Nongkhai et al., 2021). These body
composition ratios significantly change during ado-
lescence (Batrakoulis, 2022). Differential changes
in body composition, primarily brought on by hor-
monal changes related to puberty, distinguish in-
fancy from maturity (Kwarteng et al., 2023). These
alterations differ from person to person, but they
typically entail an increase in fat mass, particularly
in the middle, and an accumulation of lean muscle
mass. Understanding these alterations is crucial for
treating such potential health issues and enhancing
young women’s general wellbeing. Therefore, it is
vital to look at the connections between body com-
position and other health-related issues through-
out this crucial life stage because these changes
can significantly impact an adolescent girl’s physi-
cal, mental, and emotional health (Stefanova et
al., 2020).

Past research stated that teenagers, especially
young ladies, are more prone to this troubling
trend, as the prevalence of obesity has reached
alarming proportions worldwide (Chew & Lopez,
2021). This demographic’s increasing rates of obe-
sity have led to serious worries about an increase
in the risk of non-communicable diseases (NCDs)
(Budreviciute et al., 2020). The term “non-commu-
nicable diseases,” sometimes known as “lifestyle
diseases,” refers to a group of illnesses that include
diabetes, cardiovascular disease, some malignan-
cies, and respiratory disorders, ultimately posing a
significant threat to public health (Reddy & Mathur,
2022; Yadav et al., 2020). These illnesses are char-
acterized by their chronic nature and are signifi-
cantly impacted by lifestyle choices, such as diet
and exercise (Alfawaz et al., 2021). Therefore, the
search for holistic and sustainable solutions to this
health concern has become of utmost importance
in an era characterised by the rising incidence of
obesity on a global scale (Di Cesare et al., 2019).
Among these strategies, the age-old art of yoga
has emerged as a promising route with potential
advantages beyond the sphere of the physical well-
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being (Patel & Veidlinger, 2023). Researchers who
are particularly interested in understanding yoga’s
complex impacts on cardiovascular health, morbid-
ity, and mortality, as well as its wider benefits for
general wellbeing, have focused a lot of attention
on the effects of yoga on obese women (Gour et
al., 2020; Manchanda & Madan, 2022). Previous re-
search found that the most common cause of mor-
bidity and mortality from these illnesses, affecting
both men and women, is cardiovascular disease
(CVD) (Noale et al., 2020). However, obese women
frequently encounter physiological and behavioral
difficulties, necessitating interventions to effective-
ly reduce their health risks (Gao et al., 2019).

Therefore, this study aims to offer useful insights
into the potential function of yoga as a supplemen-
tal therapy modality in managing obesity-related
health concerns in women by thoroughly analysing
the existing literature and conducting a systematic
investigation into the outcomes of structured yoga
intervention. Understanding the complex interac-
tions between yoga, obesity, and women’s health
can help us design well-informed interventions and
empower women on their path to better health
and wellbeing by fostering the mind-body connec-
tion that is so important for young women'’s holistic
health and empowerment.

Material and methods of research
Study Subjects

Twenty-four (n=24) obese sedentary adolescent
women (mean age: 18.9+0.8 years; body mass in-
dex: 28.9%£1.4 kg/m?) were recruited for the study
through advertisements (posters, emails, social
media platforms). Table 1 lists their physical char-
acteristics as participants. In the current investi-
gation, patients with the following conditions were
included: (1) those who did not take any medicine;
(2) those whose BMI was greater than 25 kg/m?;
and (3) those who engaged in just minimal activ-
ity (no exercise in the previous six months). Par-
ticipants provided written consent after thoroughly
understanding the experiment and potential ad-
verse effects. We excluded adolescent women with
chronic diseases, joint replacements or fractures
of the lower limbs within the last six months, and
severe cognitive impairments. All study protocols
complied with the Helsinki Declaration, and institu-
tional ethics committee approval was obtained from
SRM Medical College Hospital and Research Centre
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(SRM MCH & RC/9494/1EC-2022).
Study Design

Before getting baseline measurements, all partici-
pants were fully briefed about all the testing and
procedures of the study. A computerized random
number generator was then used to divide the
participants into two groups: a control group (CG;
n=10) and a yoga practice group (YPG; n=10).
Due to withdrawal, the remaining four participants’
data (n=4) were discarded (Figure 1). The sample
size was determined using effect size (ES=0.49),
an alpha of (0.05) and a power of (0.80) (Park
et al., 2020) and was calculated to reach statisti-
cal significance with 12 samples. G*Power soft-
ware (version 3.1.9.7, Heinrich-Heine-Universitat,
Disseldorf, Germany) was used to calculate the
sample size.

Experimental Design

All participants took part in a pre-testing session
one day before starting and a post-testing ses-
sion one day after completing a 12-week yoga in-
tervention programme. All individuals underwent
a fast for over eight hours on the pre and post-
testing days. The participant’s body composition
measurements were also taken on the day of pre-
testing.

Preparatory Phase

All study participants of the YPG practiced or
learnt yoga for the starting week as part of the
preliminary phase. The purpose of this phase was
to introduce the participants to several facets of
yoga, such as asana (yoga postures), pranayama
(breathing techniques), and meditation practices.
The major objective was to ensure that the partic-
ipants get familiar with the yoga techniques to be
used in the main intervention. During this stage,
coaching on keeping perfect posture and employ-
ing appropriate techniques during yoga sessions
was also taught. The tools used to monitor blood
pressure (BP) and bioelectrical impedance analy-
sis (BIA) were also explained to the participants.
These familiarization sessions were essential to
ensure that everyone entered the research with
equal knowledge and skill in performing yoga
techniques.

Training Intervention

The YPG participants engaged in yoga practice

Table 1. The demographic characteristics of the participants (mean £ SD).

Variables CG (n=10) YPG (n=10) p-Value
Age (years) 18.9 £ 0.9 19.2 £ 0.4 0.134
Height (cm) 168.6 + 5.6 167.4 £ 5.2 0.406
Weight (kg) 81.6 £ 5.1 81.7 £ 3.6 0.660
BMI (kg/m?) 28.7 £ 0.7 29.0 £ 0.8 0.309
FFM (kg) 45.5 £ 3.6 452 £ 2.1 0.667
BF (%) 32.6 £ 1.7 32.3+ 1.6 0.674

Note: SD: Standard deviation; BMI: Body mass index; FFM: Fat free mass; BFP: Body fat percentage;

YPG: Yoga practice group; CG: Control group.
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Participants enrelled for the
study (n=24)

Exchaded (4)

I

Dree 1o personal reason dcarded

Participants recrusied (n=210)

'ﬁ'uEn Erowp e 10

Yoga group (n=10)
Figure 1. Participant’s selection flow chart.

for 60 minutes, twice a day, on two separate time
slots: (i) from 6:00 AM to 7:00 AM and (ii) from
5:00 PM to 6:00 PM. This routine was followed for
three days a week over a period of 12 weeks. The
choice of two yoga sessions per day was consid-
ered practical for home practice. The yoga ses-
sions were supervised by an experienced instructor
who held qualifications in yoga and naturopathy,
with 17 years of study and practice. Out of each
60-minute yoga practice session, 23 minutes were
kept for practicing breathing techniques. The rest
of the time was dedicated to specific yoga pos-
tures. The participants were encouraged to repeat
yoga postures as many times as they could within
the allocated 60-minute session. The specific infor-
mation about the yoga intervention can be found
in the Table 2.

Outcome Measures

Anthropometric Characteristics and Body Compo-

sition

Standing height (cm) was measured using a sta-
diometer (SECA model 213, Hamburg, Germany)
with standardized protocols. Subjects were to
stand barefoot with their backs against the wall
and heels together; the head should be positioned
in the Frankfurt plane. The body weight (kg) of the
subjects was recorded using a calibrated weighing
scale (SECA model 813, Hamburg, Germany). It
was made sure that the scale was properly cali-
brated and zeroed before each measurement. The
subjects stood barefoot and wear minimal cloth-
ing. In order to calculate body mass indexes, body
weight in kilograms (kg) was divided by the square

—

Randomization
¥
Allocaton

Control group (n=10)

Follorw-ugp

Analysis

Control proup {m=10)

of the height in meters (kg/m?). Body composi-
tion was assessed using bioelectrical impedance
analysis (BIA) (Tanita Corp., Tokyo, Japan). BIA
measures body tissues’ electrical impedance and
estimates body composition by passing an electri-
cal current through them. The reliability of the BIA
device used in the present study was accessed by
Kelly & Metcalfe [17] and was found satisfactory.

Blood Pressure

Participants were seated comfortably in a quiet
and temperature-controlled room. They were in-
structed to sit with their back supported, feet flat
on the floor, and arms resting on a table or arm-
rest. The participants were in a relaxed and upright
position, with their legs uncrossed. Blood pressure
measurements were taken on the participant’s
non-dominant arm, specifically the left arm, in ac-
cordance with established guidelines and recom-
mendations. The selection of the non-dominant
arm was made to minimize the potential influence
of muscle activity on the readings. Using an au-
tomatic sphygmomanometer, we measured blood
pressure (BP)-(HBP-9020, Omron, Osaka, Japan)
(Park et al., 2020). In order to assess everyone
at once and reduce error, we let the device have a
stabilizing period of at least 10 minutes before ev-
ery test. During testing for blood pressure, at least
a 30-minute interval was kept between subsequent
measurements for any participant. The mean re-
sult from the two measurements was chosen as
the measurement value for blood pressure.

Statistical Analysis

We conducted statistical analyses to assess the im-
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zlc.) Name of the yoga practices Duration
1. START . 1 min
Sukhasana + Pranamasana +Prarthana Mantra( Universal Prayer)
2. LOOSENING EXERCISES 5 min
ASANA 24 min
Standing Asana 6 min
a. Tadasana (mountain pose) 1 min
b. Vriksasana (tree pose) 1 min
c. Utkatasana (chair pose) 1 min
d. Virabhadrasana (warrior pose) 1 min
e. Parivrtta Trikonasana (revolved triangle pose) 1 min
f.  Utthita Trikonasana (extended triangle pose) 1 min
Sitting Asana 6 min
a. Vajrasana (thunderbolt pose) 1 min
b. Upavistha Konasana (seated wide-legged straddle) 1 min
c. Ustrasana (camel pose) 1 min
d. Sasangasana (rabbit pose) 1 min
e. Ardha Matsyendrasana (half lord of the fishes pose) 1 min
3. f.  Paschimottonasana (seated forward pose) 1 min
Prone Posture 6 min
a. Bhujangasana (cobra pose) 1 min
b. Dhanurasana (bow pose) 1 min
c. Makarasana (crocodile pose) 1 min
d. Salabhasana (locust pose) 1 min
e. Ardha Bhekasana (half frog pose) 1 min
f. Chaturanga Dandasana (four limbed staff pose) 1 min
Supine Posture 6 min
a. Setu Bandhasana (bridge pose) 1 min
b. Uttanpadasana (double leg rise pose) 1 min
c. Pawanmuktasana (wind pose) 1 min
d. Supta Baddha Konasana (supine butterfly pose) 1 min
e. Matsyasana (fish pose) 1 min
f. Shavasana (corpse pose) 1 min
PRANAYAMA 23 min
Kapalabhati (energizing yoga breathing practice) 500 to 650 strokes/10 min
4. Bhramari (humming bee breath) 10 to 12 rounds /4 min
Bhastrika (bellows breathing) 46 to 55 strokes / 4 min
Nadi Suddhi Pranayama (alternate nostril breathing) 15 to 20 rounds / 5 min
5 MEDITATION
' Mindfulness Meditation 5 min
6. CLOSING PRAYERS 2 min
TOTAL 60 min

pact of yogic practice intervention programs on our
primary dependent variables. The Kolmogorov-
Smirnov test was utilized to ensure that all out-
come measures had normal distributions. The
means and standard deviations (SD) were deter-
mined for each of the variables. In order to exam-
ine the effect of yoga practices over time, we per-
formed a two-way analysis of variance (two-way
ANOVA), specifically looking at the interactions be-
tween the variables ‘group’ and ‘time’. The variable
‘group’ had two levels: CG and YPG while the other
variable ‘time’ also had two levels: Pre and Post.
To quantify the magnitude of the effects, we deter-

mined Cohen’s d effect sizes and calculated partial
eta-squared (n2) values. We interpreted n2 as fol-
lows: small (=0.01), medium (=0.06), and large
(=0.14) (Park et al., 2020). To identify changes
within each group over time if there was a sig-
nificant interaction effect, we conducted post-hoc
tests using the Bonferroni method. A paired t-test
was used to compare the values of dependent vari-
ables of each group’s pre and post test sessions.
Every statistical analysis was performed utilizing
IBM Corp’s Statistical Package for Social Science
(SPSS) version 23.0.1. For statistical significance,
were set the alpha level at 0.05 level.
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Results of the study

Table 3 illustrates the result of the initial body com-
position (BC) assessment between the CG and the
YPG. The result reveals that there are no statisti-
cally significant differences between both groups.
However, when examining the changes in BC ini-
tial and final the yoga practice intervention, we
conducted repeated two-way (ANOVA) analyses,
which unveiled a noteworthy interaction effect
(p<0.001, n2>0.439) for all of the body compo-
sition parameters. Subsequent post-hoc analyses
demonstrated distinct outcomes for each group.
In the Control Group (CG), there was a signifi-
cant reduction in Fat-Free Mass (FFM) (p=0.013)
and a simultaneous increase in the percentage of
body fat (p<0.001). Conversely, the Yoga Practice
Group (YPG) exhibited substantial improvements
in various body composition metrics. Specifically,
the yoga intervention led to a significant decrease
in body weight (p=0.001), a notable reduction in
Body Mass Index (BMI) and percentage of body fat
(p=0.001).

Vol.8No 3

Table 4 illustrates a notable disparity in blood pres-
sure (BP) levels between the Control Group (CG)
and the Yogic Practice Group (YPG) both before and
after the intervention. A significant interaction was
observed between time and group across several
BP parameters, specifically, Systolic Blood Pressure
(SBP), Mean Arterial Pressure (MAP), and Pulse
Pressure (PP), with all p-values below 0.017 and
effect sizes (n2) exceeding 0.219. Furthermore,
the study findings indicate that the 12-week yoga
intervention had a significant and exclusive impact
on reducing SBP (p<0.001), MAP (p<0.001), and
PP (p<0.001) among the adolescent participants
who were obese women.

Discussion

The results of the study reveals that there was a
lack of significant difference in BC between the YPG
and CG. Establishing homogeneity between inter-
vention and control groups is a foundational step
to ensure that any observed post-intervention dis-
parities are attributable to the intervention itself
rather than pre-existing discrepancies (Hulley et

Table 3. Mean (£SD) values of anthropometric characteristics and body composition for the 2 groups

p (Cohen s d)

Pre-test Post-test 95% CI
Parameters Group  (Before) (After) Group Time Group x Time
(effect) (effect) (Interaction)
BW (kg) YPG 81.7+£3.6 80.0+1.2™ 0.053 0.093 0.446
CG 81.6+5.1 81.2+5.4 (0.337) (0.187) (0.001)"
Height (cm) YPG 167.4+5.2 167.4£5.2 _ _ _
CG 168.6+5.6 168.6+5.6
i YPG 29.0+0.8 28.3+0.5* 0.039 0.104 0.454
BMI (kg.m2) .
CG 28.7+0.7 28.6+0.4 (0.416) (0.175) (0.001)
FFM (ka) YPG 45.2+2.1 46.5+3.7 0.002 0.118 0.439
CG 45.5+3.6 44.3+£3.2" (0.806) (0.147) (0.001) "
BF (%) YPG 32.3+1.6 30.2+1.2™ 0.331 0.062 0.934
CG 32.6+1.7 34.3+£1.8* (0.008)* (0.286) (0.001)"

Note: Data are mean values (£SD), BW: body weight, BMI: body mass index, FFM: free fat mass,
BF: body fat, YPG: yogic practice group, CG: control group. Statistical significance levels (*p<0.05;
**p<0.01; ***p<0.001) are indicated to denote "significant interactions or main effects when compared

to baseline measurements (pre-test intervention).

Table 4. Mean (% SD) values of blood pressure variables for the 2 groups

p (Cohen’s d)

Pre-test Post-test 95% CI
Parameters Group (Before) (After) Group Time Group x Time
(effect) (effect) (Interaction)
SBP (mmHg) YPG 135.7+3.1 133.2+£2.7* 0.098 0.172 0.784
CG 134.4+2.5 135.7+£3.7" (0.187) (0.081) (0.001)
YPG 91.5+4.5 92.3%+2.8 234 091 124
DBP (mmHg) CG 89.243.8 90.4+4.2 (00.0237) ' (8-(1)32) (8-167)
MAP (mmHag) YPG 106.8+2.4 105.5+1.7"" 0.267 0.031 0.472
CG 104.6+4.1 105.4+1.8 (0.024)* (0.397) (0.004) "
PP (mmHg) YPG 45.1+3.7 42.6+3.6™" 0.042 0.312 0.432
CG 45.7+3.4 45.2+4.5 (0.339) (0.092) (0.001)°

Note: Data are mean values (£ SD), BW: body weight, BMI: body mass index, FFM: free fat mass, BF:
body fat, YPG: yogic practice group, CG: control group. Statistical significance levels (*p < 0.05; **p <
0.01; ***p < 0.001) are indicated to denote " significant interactions or main effects when compared to
baseline measurements (pre-test intervention).
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al., 2011). Further in the results of the analysis
of post-intervention, the repeated two-way ANOVA
analyses highlighted a pronounced interaction ef-
fect across all BC parameters. This suggests that
the dynamics of BC evolution were evidently dif-
ferent between the groups, which implies the inter-
vention’s potential role in mediating these effects
(Field, 2013). While the CG's increased percent-
age of body fat coupled with a reduction in FFM
is of particular concern, increases in body fat per-
centages are frequently linked with a plethora of
health risks, including cardiovascular diseases,
metabolic syndrome, and other non-communica-
ble diseases (Popkin et al., 2012). Moreover, the
decrease in FFM can be indicative of muscle at-
rophy, which has negative implications for meta-
bolic health and functional capacity (Mitchell et al.,
2012). On the other hand, the YPG's post-interven-
tion results support the beneficial impacts of yoga
on body composition. The reduction in both body
weight and BMI in the YPG is significant. Though
BMI has its critics, largely due to its inability to
distinguish fat from muscle, it remains a globally
recognized tool to assess weight status and its as-
sociated health risks (Romero-Corral et al., 2008).
Furthermore, the decline in body fat percentage for
the YPG is a compelling indicator of the potential
health benefits of yoga. This observation resonates
with Ross & Thomas’s (2010) work, which posits
that yoga can significantly reduce body mass in-
dex and body fat. In addition, the rise in FFM for
the YPG is indicative of muscle or lean tissue gain.
Yoga, which integrates strength-building postures,
can serve as a resistance training modality (Saeidi-
fard et al., 2020). Thus, its role in potentially aug-
menting muscle mass or lean tissue becomes plau-
sible, consistent with earlier findings which show
that yoga can augment muscular strength (Tran et
al., 2001).

The initial assessment of BP variables in both
groups reveals a general congruence in their pre-
test values, thus implying that any divergence in
post-test measurements can be confidently as-
cribed to the interventional effects rather than
inherent group disparities (Hulley et al.,, 2011).
This bolsters the internal validity of the study. The
significance of blood pressure in health research
and clinical settings is highlighted by its consistent
association with cardiovascular risks, especially el-
evated SBP (Whelton et al., 2018). Furthermore,
the MAP serves as a valuable proxy for perfusion to
vital organs, while PP is indicative of arterial stiff-
ness (Franklin et al., 1997). Our study, focusing
on obese adolescent women, demonstrates the
remarkable efficacy of a 12-week yoga interven-
tion in controlling these BP parameters. Notably,
the YPG exhibited substantial reductions in SBP,
MAP, and PP post-intervention. These findings co-
here with prior research. Hughson et al. (1996)
established the importance of aerobic exercise
in mediating blood pressure. Moreover, Cohen et
al. (2007) suggest that yoga, by integrating ele-
ments of both meditation and physical postures,
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can lower stress-induced sympathetic activity and
promote parasympathetic dominance, thus modu-
lating BP. The efficacy of yoga in reducing BP spe-
cifically among obese adolescent women is note-
worthy. Obesity is known to predispose individuals
to hypertension and related cardiovascular com-
plications (Taksali et al., 2008). Furthermore, hor-
monal changes during adolescence can influence
BP, making the observed BP reduction post-yoga
intervention even more impactful (Reinehr et al.,
2005).

The study provides compelling evidence of yoga’s
therapeutic potential in influencing body composi-
tion and blood pressure, especially among obese
adolescent women. Initial results support the
foundational strength of the study, ensuring that
observed variations post-intervention are genu-
inely attributable to the yoga intervention. The
outcomes elucidate yoga’s substantial benefits,
with the YPG demonstrating notable improvements
in body composition and critical BP parameters.
These findings, juxtaposed with existing literature,
underscore the multidimensional benefits of yoga.
As yoga integrates both meditation and physical
postures, it not only improves body composition
but also confers cardiovascular advantages by
modulating blood pressure. Given the rising global
concerns associated with obesity-related complica-
tions, this research accentuates the importance of
incorporating holistic approaches, such as yoga,
into health-promotion strategies, particularly for
vulnerable demographics like obese adolescent
women.

Conclusions

The modern surge in obesity, especially among
young women, in industrialized countries, is alarm-
ingly persistent, leading to grave concerns about
escalating rates of non-communicable diseases.
With obesity being an antecedent to various health
challenges including heart diseases, diabetes, and
depression, understanding its root causes, from
behavioral patterns to environmental factors, be-
comes pivotal. The adolescent phase is particu-
larly susceptible due to significant body composi-
tion changes driven by hormonal shifts. Albeit the
increasing awareness around obesity’s impacts,
young women continue to be at risk.

Our comprehensive study undertook an investi-
gation into the role of yoga, an ancient art em-
phasizing the holistic harmony of body and mind,
in addressing obesity-induced health problems in
young women. The study reveals that combating
the obesity epidemic requires a multi-dimensional
approach. While lifestyle modifications remain fun-
damental, our study underscores the significance
of traditional practices like yoga in offering a holis-
tic solution. Addressing obesity, particularly in the
vulnerable demographic of adolescent women, not
only pertains to the physical well-being but is also
intrinsically linked to their mental and emotional
health. As we stride towards a healthier future, in-
terventions combining modern understanding with
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ancient wisdom, like yoga, can provide a balanced
and holistic approach to the obesity problem.
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