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INTRODUCTION

Obesity is a problem affecting the whole world" and a risk
factor for different health problems such as hypertension,
type 2 diabetes, dyslipidemia, metabolic syndrome, fatty
liver, and cardiovascular diseases.**! In Iran, the prevalence
of overweight and obesity is 41% and 13%, respectively."!

Limiting daily energy intake has been suggested as an
admissible method of treatment of obesity; however,
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the amount of exercise to achieve weight loss goals is
still subject of disagreement among researchers. Resting
metabolic rate (RMR) is significantly related to the
amount of exercise, energy consumption, weight loss,
and energy balance. Exercise not only contributes to
metabolism during workout sessions but also improves
RMR after exercise.’! With its roots deep in ancient
India, yoga is a both mental and physical exercise and
can actually be considered as an alternative way for
physical activity.[67)

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Address for correspondence: Dr. Sima Jafarirad, Nutrition and Metabolic Diseases Research Center, Ahvaz Jundishapur University of Medical

Sciences, Ahvaz, Iran. E-mail: jafarirad-s @ajums.ac.ir, sjafarirad @ gmail.com

Submitted: 16-Nov-2019; Revised: 17-Dec-2019; Accepted: 22-Jan-2020; Published: 13-Apr-2020

© 2020 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow

| 2020 |



Yazdanparast, et al.: Yoga, weight loss, and metabolism

Adipokines such as leptin and adiponectin, which are
secreted by adipose tissue, play a major role in regulating
appetite.®! There is a relationship between serum leptin
and total body fat mass.”! In addition, there is a correlation
between following exercise weight loss and reduction of
plasma leptin among obese women.!"”!

Plasma levels of adiponectin (secreted from adipose tissue)
have an inverted relation with fat mass.'"'! According
to independent studies, doing yoga in postmenopausal
women and an 8-week resistance-training program in
sedentary men, elevated adiponectin and decreased leptin
levels.>13!

Most previous investigations studied the effect of yoga
training merely on adipokines!*!¢! or anthropometric
indices,!”" but to the best of our knowledge, the effect of a
balanced and varied energy-restricted diet along with yoga
practicing on RMR, anthropometric indices, and levels of
leptin and adiponectin in overweight and obese women
has not been studied before. Yoga in addition to being a
physical activity affects the mind"™! and may be effective
in the weight loss management. Therefore, this study
was performed to consider the effect of Hatha yoga along
with an energy-restricted diet compared with a common
energy-restricted diet on the mentioned variables.

MATERIALS AND METHODS

Subjects and study design

This study was a randomized clinical trial. The sample
size was calculated based on Lee et al. who evaluated the
effect of yoga exercise on serum adiponectin levels in
obese postmenopausal women.!"? For estimating sample
size, a standard formula suggested for clinical trials by
considering type 1 error (o) of 0.05 (95% confidence) and
type 2 error () of 0.10 (90% power) was used. Nineteen
participants were calculated in each group. Considering
the loss of samples during the study, 22 participants
were included in each group. The inclusion criteria were
female gender, age range between 30 and 50 years and
body mass index (BMI) more than 25 kg/m2. Subjects
who suffered from cardiovascular diseases, hypertension,
thyroid disorders, diabetes, polycystic ovary syndrome
and menopause were not included. In addition, the other
criteria such as smoking, pregnancy or lactation, taken any
herbal, vitamin and mineral supplements or other medicines
(such as statins, beta-blockers, and psychoactive drugs),
difficulties for doing exercise, weight loss over 5% in the
past 6 months, and following a special diet prior to the
study, were not included to participate in the study. Based
on the inclusion criteria, 44 overweight and obese women
who were employee at the Ahvaz Jundishapur University
of Medical Sciences participated in the study. Exclusion
criteria were poor following the diet and yoga practicing.
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All participants completed a general questionnaire,
the International Physical Activity Questionnaire, and
the Dutch Eating Behavior Questionnaire. Metabolic
equivalents preweek were calculated by the International
Physical Activity Questionnaire. The Dutch Eating Behavior
Questionnaire was used to determine the participants’ eating
behavior and for an appropriate dietary recommendation.

Intervention

Energy-restricted diet intervention

Eligible participants were randomly divided (by
computer-generated random numbers) into two groups:
the first group — yoga practicing along with a balanced
and varied energy-restricted diet (-300 kcal) and the
second group (control group) — a balanced and varied
energy-restricted diet (-500 kcal). First, a food record
questionnaire (for two normal days and a weekend) was
filled to determine the average energy intake of participants.
The amount of energy and macronutrient intakes was
determined using Nutritionist 4 software (Version 3.5.1,
San Bruno, CA: First DataBank, USA). Total energy
expenditure was calculated based on the Harris—Benedict
equation by considering thermogenesis effect of food
and activity coefficients. After that, a diet, which reduced
500 kcal/day, was considered as an energy-restricted diet
group and participants followed this diet for 8 weeks. The
macronutrient distribution of the diet was 15% of energy
from protein, 55% from carbohydrate, and 30% from fat.
A dietitian prepared all of the energy-restricted diets.

Yoga practice program

Participants in the other group of the study were asked to
attend 5 days a week in the gymnasium of paramedicine
school for yoga practicing. Yoga exercises were done by a
yoga instructor at 7:30 AM (the start time of a working day
in the university) and lasted for 1 h, and participants were
practiced with her movements. This exercise was equivalent
to 200 kcal of energy consumed per day. For determining
the energy burning by yoga, before the study, a participant
practiced the yoga asana when she was breathing in a potable
indirect calorimeter and following energy burning by yoga
exercise, during 1 h, was determined. In order to continue
the workouts during weekends, a video CD was given to
the participants and they were asked to practice yoga using
that video CD. A balanced and varied energy-restricted
diet that was reduced 300 kcal of daily energy intake also
prescribed (the macronutrient distribution was the same as
the energy-restricted diet group). Therefore, the yoga group
also received a total of 500 kcal less energy than their daily
requirement (200 kcal during yoga practicing and 300 kcal
through diet), which was equal to the energy-restricted diet
group. Yoga practice lasted 8 weeks.

For the proper follow-up of participants, two WhatsApp (a
social media mobile application) channels were created
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for each yoga and diet group, to follow up and sending
notifications for each mentioned group.

Measurements

Resting metabolic rate

The RMR was measured using an indirect calorimeter
(Desktop metabolic monitor, Fitmate PRO, COSMED,
Rome, Italy), according to the manufacturer’s protocol. This
procedure was done after 6-8h sleeping. In addition, subjects
were fasting for at least 12h, with no heavy physical activity,
no smoking, also no drinking of alcohol and caffeine, the
day before the test. This indirect calorimeter calculated
RMR by the oxygen consumption at rest when participants
breathed in a silicone facemask. Participants were relaxed
in a room with temperature-controlled, low-light, and
noiseless environment for measuring their RMR.

Anthropometry

Height was measured with the participant barefoot and
standing situation (Seca 216, Hamburg, Germany) with the
0.1 cm accuracy. Body weight was measured with the 50 g
accuracy (Seca 700, Hamburg, Germany) and light clothes.
BMI was obtained by dividing the participant’s weight (kg)
by the square of their height (m?). Waist circumference (WC)
was measured using a measuring tape on the horizontal
plane immediately above the iliac crest. Waist-to-hip ratio
was calculated as the ratio of WC to hip circumference. The
body composition was measured using a dual-frequency
bioelectrical impedance analysis (Tanita DC-430 MAP, Japan).

Blood parameters

Before and after the intervention period, five milliliters
of venous blood was taken after 12 h fasting. Sera
were isolated to determine the blood parameters
including serum lipid profiles, fasting blood
sugar (FBS), and also leptin and adiponectin serum
levels. Serum lipid profiles, including triglyceride (TG),
high-density lipoprotein-cholesterol (HDL-C), and total
cholesterol (TC) were determined using the enzymatic
colorimetric method (Pars Azmoon, Iran). Low-density
lipoprotein-cholesterol (LDL-C) levels were calculated
with the Friedewald equation: LDL= ([TC] — [HDL-C]
- [TGs/5]). The plasma level of leptin was determined
by the enzyme-linked immunosorbent assay (ELISA)
method (LDN, Germany). The adiponectin levels were
measured using ELISA method too (Mediagnost, Germany).
Intra-assay coefficient variation (CV) and inter-assay CV
were <8% and <9%, respectively.

Ethical statement

This study was approved by the Ethics Committee of the
Ahvaz Jundishapur University of Medical Sciences (IR.
AJUMS.REC.1396.730) based on the Declaration of
Helsinki. All participants completed a formal consent
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form; they were free to leave the trial in each level of
the study and their information was kept secret. The
study was submitted in Iran clinical trial website (ID:
IRCT20140107016123N12).

Data analysis

All data presented were analyzed by the SPSS
version 17.0 (SPSS Inc. SPSS Statistics for Windows,
Chicago, 2008). General categorical variables were
compared between two yoga and diet groups using the
Chi-square test. The Kolmogorov-Smirnov test was used
to find the normality of the data. An independent sample
t-test was used to compare the mean of variables and their
changes between the two study groups. A paired sample
t-test was used to compare the mean of variables before
and after the intervention, within each group. ANCOVA
test was used to remove the effect covariates. Statistical
significance was set as P < 0.05.

RESULTS

Forty-four overweight and obese females participated in the
study, but 38 participants completed it. Figure 1 shows the
flowchart of the study. Kolmogorov-Smirnov test showed
the distribution of the adiponectin and RMR was not
normal. These variables were analyzed using nonparametric
tests (Mann-Whitney instead of independent t-test and
Wilcoxon test instead of paired f-test).

Assessed for
eligibility (n=65)

Excluded (n=21)
* Not meeting inclusion criteria (n=5)
* Declined to participate (n=10)

* Other reasons (n=6)

Randomized
(n=44)

Allocation

|
Follow u

Lost to Follow up (n=4)
* Discontinuing diet (n=3)
* Influenza (n=1)

Diet (n=18)

[
Yoga and diet
(n=22)

Lost to Follow up (n=2)

* Discontinue yoga
practicing

! Analysis

Yoga and diet
(n=20)

Figure 1: CONSORT flowchart of participants’ enrollment, allocation, follow up
and analysis
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The baseline characteristics of participants are shown in
Table 1. There was no significant difference between the
two study groups for these characteristics.

Table 2: Comparison of anthropometric measurements,
blood parameters, and their changes between the two
study groups

Variables Mean=SD P

After 8 weeks, all the anthropometric measurements were Yoga + diet Diet

decreased significantly in both the groups, so there were ~ RMR (kcal)

no significant differences between the two study groups Pretest 1418.10£179.16  1440.11£166.85  0.698

for these variables. RMR (kcal/day) was not increased Posttest 1512.70£160.28 ~ 1440.11£136.09  0.143

after the intervention period in the diet group; however, Difference 94.6£104.68 0.00+110.21 0.010"

this factor was increased in the yoga group (P =0.001), and P ] 0.001 1.00

there was a significant difference between the two study Weight (kg)

_ Pretest 74.64£9.05 77.62+11.96 0.390

groups (P =0.01) [Table 2].

Posttest 72.41+8.62 74.83+11.78 0.470

The results showed a significant decrease in concentrations of Elfference i()zz;:f ’ 2<07?JT)11§ 0 0327

leptin at the end of the study compared with baseline values BMI (kg/m?) ' '

Pretest 30.15%3.15 31.67+4.64 0.241

Table 1: Basic characteristics, dietary intake, and Posttest 29.21+2.95 30.53+4.71 0.303

physical activity of participants Difference -0.93+0.72 -1.13+0.73 0.401

Variables Yoga + diet Diet P* P <0.001* <0.001*

Age (years), mean=SD 40+5.9 40+5.9 0.77 WHR (cm)

Ethnicity (%) Pretest 0.82+0.05 0.84:0.05 0.175
Persian 44.5 55.5 0.315 Posttest 0.80+0.05 0.81+0.05 0.531
Lor/Bakhtiari 58.4 41.6 Difference -0.01+0.03 -0.02£0.02 0.193
Arab 66.6 33.4 P 0.031* <0.001*

Others 60 40 WC (cm)

Education (%) Pretest 100.40+£7.19 104.02+8.54 0.168
Diploma and collage 58.4 41.6 0.629 Posttest 96.37+7.47 98.72+7.44 0.339
Bachelor 50 50 Difference —-4.05+4.40 -5.30+3.31 0.334
Master and above 40 60 P 0.001* <0.001*

Married status (%) Fat mass (%)

Married 58.6 414 0.173 Pretest 25.42+5.93 28.30+8.02 0.212

Single 33.3 66.7 Posttest 23.33+5.25 26.34+7.79 0.168
History of the disease (%) Difference -2.08+1.88 -1.96+1.52 0.826

Digestive disorders 66.7 33.3 0.758 P <0.001* <0.001*

Asthma and allergy 33.3 66.7 Fat free mass (%)

Other diseases 33.3 66.7 Pretest 48.20+4.75 48.80+3.88 0.677

No diseases 55.2 44.8 Posttest 48.08+4.81 48.22+4.13 0.926
Physical activity Difference -0.12+1.25 -0.57+1.68 0.344
(metabolic equivalent/week) p 0.673 0.163

Pretest 1344+39.0 1393+£51.1  0.345 Total fat (%)

Posttest 1561:37.8  1329+10.3 0.031 Pretest 34.20+4.40 36.1126.98  0.244
Energy (Kcal/day), mean:SD Posttest 32.40+4.04 34.7345.01 0.121

Pretest 1820.1£362.8 1813.7+162.2 0.934 Difference ~1.80+1.98 ~1.38+1.73 0.483

Posttest 1610.8+270.3 1458.7+108.1 0.290 p 0.001* 0.004*
ﬁ)aerrkz:c:elxgéit%f energy), meantSD Adiponectin (ug/mi)

Pretest 61.349.9 62.946.7  0.56 Pretest 8.35+2.85 9.16+2.61 0.372

Posttest 54.3:15.8  49.8+16.2 0.037 Posttest 9.35:3.30 8.91:2.19 0.635

. Difference 0.99+£1.96 -0.24+1.40 0.031*

Protein (percentage of energy),

meanSD P 0.035* 0.470
Pretest 15.4¢3.9  12.9+#31 0041  Leptin (ng/ml)

Posttest 18.243.5 17144.3  0.378 Pretest 57.49+18.89 56.95+21.31 0.935
Fat (percentage of energy), Posttest 48.08+16.68 42.88+17.46 0.355
mean+SD difference -9.41£11.31 —14.07+14.49 0.281

Pretest 26.5£10.5  28.5:8.3 0.599 P 0.001* 0.001*

Posttest 27.1£6.9 27.2£6.6  0.945 TG (mg/dl)

*Chi-squared test for categorical values and independent t-test for quantitative

values. SD=Standard deviation Contd...
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Table 2: Contd...

Variables Mean=SD P
Yoga + diet Diet

Pretest 109.90+47.10 125.33+60.68 0.391
Posttest 103.20+48.97 118.94+55.65 0.360
Difference -6.70£35.09 -6.39+41.47 0.128
P 0.404 0.753

TC (mg/dl)
Pretest 177.90+36.01 190.83+20.82 0.180
Posttest 176.70£36.72 180.77+17.53 0.661
Difference -1.20£22.82 -10.05+11.44 0.136
P 0.817 0.002*

LDL-C (mg/dI)
Pretest 103.20+31.93 111.72+19.91 0.326
Posttest 103.05+26.70 108.72+12.04 0.399
Difference -0.15+19.79 -3.00£16.04 0.627
P 0.973 0.438

HDL-C (mg/dl)
Pretest 53.00+5.92 53.11£4.96 0.950
Posttest 52.50+7.31 48.27+4.22 0.035*
Difference -0.050+5.17 -4.83+4.14 0.006*
P 0.671 <0.001*

FBS (mg/dl)
Pretest 88.05+9.33 88.50+7.29 0.869
Posttest 71.20+16.22 70.83+11.21 0.935
Difference -16.85+14.43 -17.66+9.14 0.835
P <0.001* <0.001*

*Statistical significance was set at P<0.05. Data are presented as mean and SD.
ANCOVA analysis was used to eliminate the effect of energy percentage from protein
and total intake of energy. RMR=Resting metabolic rate; BMI=Body mass index;
WHR=Waist-to-hip ratio; WC=Waist circumference; TG=Triglyceride; TC=Total
cholesterol; LDL-C=Low-density lipoprotein-cholesterol; HDL-C=High-density
lipoprotein-cholesterol; FBS=Fasting blood sugar; SD=Standard deviation

inboth the groups (P=0.001). There was a significant increase
in serum levels of adiponectin in week 8 versus baseline in
the yoga group (P = 0.035). This difference was significant
between the two study groups (P = 0.031) [Table 2]. No
significant differences in lipid profiles were found between
the two groups after 8 weeks; however, TC was decreased
significantly in the diet group, although the level of HDL-C
was also decreased in this group, and this change was
significant between the two study groups (P = 0.006). FBS
decreased in both the groups, but there were no significant
differences between the two groups [Table 2].

DISCUSSION

There have been different recommended plans in order
to manage obesity. For example, an energy-restricted diet
doing exercise at least half an hour daily, and also modifying
eating behaviors.”? Yoga is not merely a type of physical
activity but also considered as a semi-cognitive behavioral
therapy (CBT) which includes some features of CBT.?")

The effects of Hatha yoga — in combination with a balanced
and varied diet — on anthropometric measurements,
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RMR, and adipokine hormones have not received much
of a direct attention on obese participants in the previous
studies. According to the results of our study, yoga can
help obese and overweight participants, as well as patients
with type 2 diabetes or cardiovascular risk factors by an
increase in energy consumption of the body.! In this
study, the anthropometric indices were decreased, but
there were no significant differences compared with the
diet group. However, yoga had some other benefits for
yoga practitioners, because their RMR and adiponectin
levels were increased. Several groups of researchers have
offered no change in body weight by yoga practicing.*>?!
Constant with our current findings, Kristal et al.,”! and
Bera and Rajapurkar® showed that some of the fat-fold,
waist, umbilical, and hip circumferences were decreased
significantly after yoga practicing.

The most favorable finding of our study was the positive
effect of yoga exercise on RMR, which helped the
participants lose weight more easily than those who
followed a common energy-restricted diet. RMR can be
highly correlated with one’s nutritional status and physical
activity. One of the reasons for the rise in RMR is the effect
of yoga on muscles (since yoga is a stretching exercise) and
high metabolic rate organs such as heart and lung.

In the present study, no significant differences in FBS,
TG, TC, and LDL-C levels were found between the yoga
exercise and the diet groups; however, the amount of
HDL-C significantly dropped in the diet group. Some
researchers have observed that yoga programs have a
positive effect on lipid profiles.l'>2%l We did not observe a
significant difference in FBS, LDL-C, and TG between the
two study groups, probably for that these items decreased
in both the groups. However, it is important to notice that
HDL-C was significantly decreased in the diet group and
this negative effect on HDL-C was not observed in the

yoga group.

We particularly found that the yoga group had higher levels
of adiponectin than the diet group. Adiponectin which
is known as an anti-inflammatory adipokine is secreted
by adipocytes. Obesity can be associated with low levels
of adiponectin and plasma anti-inflammatory proteins.
The reduction in visceral fat content (a 10% reduction in
unnecessary fat) would be required to increase plasma
adiponectin concentration.®! In addition, the yoga and diet
groups displayed a significant drop in leptin levels after
8 weeks. As the body loses weight, leptin levels drop owing
to the reduction in fat mass. Kiecolt-Glaser et al. showed
a yoga effect on leptin reduction in novice compared to
expert yoga practitioners.®" Participants in our study were
novice yoga practitioners, and our finding was the same as
the mentioned study.
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This study had its own strength and limitation. The
limitations were short intervention period (8 weeks)
and difficulties for participants monitoring during the
weekends. The strong point of the study was that a yoga
instructor trained participants in yoga and practiced with
them though the intervention days. Furthermore, to the
best of our knowledge, this study is the first in which
yoga practicing along with less energy-restricted diet was
compared with a common energy-restricted diet.

CONCLUSION

The findings of the study demonstrated the positive effect
of yoga exercise in weight reduction with an increase in
RMR and also an improvement in serum adiponectin in
overweight and obese women. It could be concluded that
overweight or obese participants with a balanced and
varied diet along with yoga practicing will reach a healthier
body weight. The following recommendations are made
for further studies: studies about the effects of yoga on the
anthropometric and metabolic variables in both sexes, by
considering the age, and the intensity of the exercise.
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