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Abstract: 

Introduction: Obesity is associated with increased risk of chronic diseases. An in-
creasing of physical activity can prevent the obesity and improve the daily life quality 
in older adults. The purpose of this study was to investigate the effect of modified Thai 
Yoga on metabolic intensity and energy expenditure in obese older adult Thai women.

Material and methods: Twenty-six participants, aged 56-75 years old, were divided 
into two groups: non-obese group (NB) and obese group (OB) defined by their body 
mass index. After 12 sessions of familiarization, the participants performed the modified 
Thai Yoga exercise program for 60 minutes. Energy expenditure and metabolic variables 
were measured via open circuit calorimetry.

Results: At the exercise phase, the mean percentage of maximum heart rate for the 
OB and NB groups were OB: 57.43±6.32 % and 59.89±7.94%, respectively. The mean 
oxygen consumption for the OB group was 7.52±1.09 ml/min/kg as compared to the 
NB group which was 8.44±0.90 ml/min/kg. The mean metabolic equivalent (MET) for 
the OB group was 2.15±0.31 MET as compared to 2.41±0.26 MET for the NB group. 
Total energy expenditure for the OB and NB groups were 3531.32±483.47 kcal/day and 
3090.82±387.99 kcal/day, respectively. The mean of activity energy expenditure for the 
OB group was 1509.65±498.72 kcal/day and 1393.39±367.41 kcal/day for the NB group. 
The difference between all parameters measured from OB and NB groups were signifi-
cant (p<0.05).

Conclusions: These results demonstrated that this modified Thai Yoga program pro-
vides a well-tolerated light intensity exercise stimulus and could be prescribed as an 
exercise program for obese older adults.
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Introduction

The normal aging process affects one’s 
physiological function which results in the decrease 
of physical performance of daily life activities as 
well as decreasing skeletal muscle and bone mass, 
a decline in flexibility and body balance, a lowering 
of cardiac output and increased blood pressure [1]. 

Furthermore, the older adult has an increased risk 
of obesity and the associated chronic diseases such 
as cardiovascular disease, hypertension and type 2 
diabetes mellitus [2]. Moreover, obese individuals 
tend to be more inactive as compared to normal 
weight people of the same age. However, the 
resting energy expenditure in the obese individual is 
higher than normal weight individuals of the same 
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age because of their larger body mass resulting in  
a higher metabolic rate [3,4].

The ACSM’s exercise guidelines for aging adults, 
recommends that slow paced dynamic movements 
or static movement exercise can improve and or 
maintain physical health [5]. It is a well-known 
fact that Yoga and Tai-Chi are traditional exercise 
programs which are popular among older adults. 
Several studies [6,7,8] have reported that Yoga 
and Tai-Chi provide a low to moderate intensity 
exercise stimulus which would be suitable for the 
older adult. Therefore, the three reports are fit well 
with ACSM’s guidelines.

Thai Yoga or Ruesri Dat Ton is an ancient Thai 
traditional hermit exercise which has been practiced for 
more than a thousand years [9]. Buranruk, et al. [10] 
investigated Thai Yoga exercise intensity by comparing 
it with exhaustive cycling exercise in 14 older adults. 
This study concluded that Thai Yoga can classified 
as low to moderate intensity exercise. Furthermore, 
Noradechanunt, et al. [11] reported that sedentary older 
adults could improve their physical function and quality 
of life after a 12-week Thai Yoga training program. 

However, many Thai Yoga postures are 
complicated and involved acrobatic type movements 
that need high levels of flexibility and muscle 
strength to perform. In this study, by taking level of 
difficulty and risk of injury into account the postures 
were modified by using a chair for providing hand 
held support for balance and for limiting reach out 
of base of support. As a result, the modified postures 
that involves static and dynamic movements are 
more suitable for obese older adults. The purpose 
of this study was to investigate the effect of the 
modified Thai Yoga program on metabolic intensity 
and energy expenditure in obese and non-obese 
older adult Thai women.

Materials and Method

Twenty-six female participants, aged 56-75 years 
old, participated in this study. They had no prior 
experience in yoga or tai-chi practice. All were 
generally healthy; an absence of medical problems 
such as musculoskeletal injury within the past 6 
months, the presence of cardiovascular disease, 
neuromuscular disease, or disease of inner ear that 
would increase their risk of a fall. 

The participants were informed about the 
experimental procedures and signed a consent 

form to participate in this experiment which had 
been approved by Ethical Committee of Mahidol 
University. This study was performed in accordance 
with the ethical standards of the Helsinki Declaration. 
All potential participants were screened and passed 
the Physical Activity Readiness Questionnaire or 
they were cleared by a physician to do the exercise, 
a health history review, Barthel Activity of Daily 
Living index (> 70 points) and the Berg balance 
scale (> 41 points).

After participants passed the screening 
procedures, they were divided into two groups by 
body mass index (BMI). Those ranging from 18.5-
23.0 kg/m² were placed in the non-obese group (NB) 
and those between 25.0-29.9 kg/m² comprised the 
obese group (OB). The range of BMI values were 
set according to Asia-Pacific guidelines [12]. The 
participants, whom had an estimate peak oxygen 
consumption value between 24-35 ml/kg/min, were 
categorized as fair to excellent classifications by 
using Heywood’s method [13]. 

Procedures
On Visit 1, the participants’ height, body weight, 

BMI, blood pressure and percentage of total body fat 
(%Body fat) (Omron Karada Scan Body Composition 
monitor HBF-375, Japan) were measured. A Six-
Minute Walk Test (6MWT) was administered to 
estimate peak oxygen consumption (VO2peak). 
The test distance was 15 meters with cone marker 
place in every 5 meters intervals. Participants were 
instructed to walk as fast as they could and cover 
as much distance as they could in safe manner; no 
jogging or running was allowed. The total distance 
covered was calculated and used to estimate peak 
oxygen consumption by the Burr equation [14]: 
“Estimated VO2peak = 70.161 + (0.023 × 6MWT 
distance) – (0.276 × body weight) – 6.79 – (0.193 × 
resting heart rate) – (0.191 × age)” [13].

Before the testing session was undertaken, the 
participants went through a familiarization program 
of the modified Thai Yoga exercise program by the 
instructor to make sure that they could perform the 
program correctly. All of participants completed the 
familiarization program of 3 days per week for 4 
weeks (12 sessions). 

The modified Thai Yoga program was 60 minutes 
in duration that included a 15-minute warm-up 
phase (Figure 1a), 30-minute main exercise phase 
(Figure 1b) and cooldown phase that lasted 15 
minutes (Figure 1c). The warm-up phase began 
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Figure 1. Modified Thai Yoga postures done by a Yoga instructor (a) Warm up, (b) main exercise and (c) cool down, respectively.
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with meditation, then progressed to the warm up 
postures, each posture was performed on both sides 
for 2 minutes per posture. The main exercise phase 
consisted of 10 postures which included both static 
and dynamic exercise. Each main exercise phase 
posture was performed on both sides for 3 minutes 
per posture. The cool down phase, utilized stretching 
postures and were performed on both sides for 2 
minutes per posture and ended with meditation. All 
of the modified Thai yoga postures were approved 
by an expert panel (medical doctor, sports scientist, 
Thai yoga trainer).

On the experimental day, two hours before 
the participants visited the laboratory, they were 
instructed to have a normal meal and water intake. 
The participants donned the indirect calorimeter 
(Jaeger Oxycon Mobile, Germany) and heart rate 
monitor (Polar T31, USA). The experimental trial 
was divided into 3 phases: resting, brisk treadmill 
walking and the modified Thai Yoga exercise 
program. For the resting phase, the participants lay 
supine on a bed for 5 minutes to measure resting 
energy expenditure (REE). This resting phase 
was followed by self-selected walking speed on 
the treadmill with the range of walking speed 2-3 
km/hour for 5 minutes. This was followed by the 
60-minute modified Thai Yoga program. All of 
the metabolic and energy expenditure parameters 
were collected throughout all 3 phases of the 
experiment. The measurement points in this study 
were the average of resting, brisk walking and 
exercise phases including warm-up postures to the 
end of main exercise postures. The total energy 
expenditure (TEE) in each phase was determined 
by indirect calorimetry and calculated from the total 
volume of oxygen consumption (VO2). 

The TEE is the sum of basal energy expenditure 
(BEE) which is the energy required to maintain 
the vital body functions, whereas resting energy 
expenditure (REE) is the energy required to support 
body’s basic metabolic activities that can be 3-10% 
higher than BEE, diet-induced thermogenesis 
(DIT) which is the energy required for digestion, 
absorption, usage and storage of nutrients. Activity 
energy expenditure (AEE) is an energy expended 
beyond the body’s basic requirements of REE [15]. 
For this study the DIT was estimated as 10% of TEE 
[16] and AEE was calculated using the equation from 
DeLany [17] “AEE = TEE – [REE + 0.10 × TEE]”. 
Finally, the rating of perceived exertion (RPE) was 
measured by 6-20 Borg’s RPE scale after the end 

of each experimental phase, which estimated the 
individual’s psychological response [18].

Statistical analysis was performed using IBM 
SPSS version 21 statistical analysis software. 
Kolmogorov-Smirnov test was performed to test 
the normality distribution of continuous data and 
outcome measurement data. The continuous data 
and outcome measurement data was reported as 
mean ± standard deviation. Repeated measures 
analysis of variance (ANOVA) was used to test the 
difference of outcome variables (heart rate (HR), 
VO2, relative volume of oxygen consumed (VO2/
BW), total volume of carbon dioxide produced 
(VCO2), relative volume of carbon dioxide produced 
(VCO2/BW), respiratory exchange ratio (RER), 
metabolic equivalent (MET), percent of heart rate 
maximum (%maxHR), TEE, relative total energy 
expenditure (TEE/BW), AEE, relative activity 
energy expenditure (AEE/BW) and RPE) between 
phases within group and the difference of outcome 
measurements between NB and OB. Independent 
sample t-test was used to test the difference of 
general characteristic measurement. Significant 
level was set at p ≤ 0.05

Results

Tab. 1. General physical characteristics of the participants.

Obese Group 
(n=13)

Normal weight 
Group (n=13)

Age (years) 64±5 65±5
Height (cm) 157±6 158±6
Weight (kg) 65±6 52±4*
BMI (kg/m²) 26.43±1.68 20.99±1.68 *
%Fat (%) 37.02±1.78 33.42±3.29 *
Resting heart rate (bpm) 71±6 70±9
Systolic blood pressure (mmHg) 124±13 121±13
Diastolic blood pressure (mmHg) 69±11 71±7
Estimated VO2peak (ml/min/kg) 30.77±2.56 34.03±1.45 *

Mean ± SD, * p < 0.05 compared between the obese and the normal 
weight groups.

The participant characteristics are shown in 
Table 1. There were no significant differences 
between NB and OB groups in age, height, 
resting HR, systolic blood pressure and diastolic 
blood pressure. However, as expected here was 
a significant difference (p < 0.05) between the NB 
and OB groups in weight, BMI, % Bodyfat and 
estimated VO2 peak.
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Fig. 2 Heart rate and metabolic responses to the modified Thai Yoga exercise program. Mean+SD, obese group (OB), non-obese 
group (NB), heart rate (HR), respiratory exchange ratio (RER), total oxygen consumption (VO2), relative osygen consumption 
(VO2/BW), total carbon dioxide rpoduction (VCO2), relative carbon dioxide production (VCO2/BW). 
• p < 0.05 represents a significant difference at resting, treadmill walking, and exercise phase between groups, ap < 0.05 repre-
sents a significant difference: treadmill walking vs exercise phase inboth groups.

Figure 2 shows that while there were no 
significant differences in HR between groups in 
any of the 3 phases, there was significant difference 
between treadmill walking and exercise phases in 
OB group. There were also significant differences 
in VO2 between and within groups while walking 
on the treadmill and during the modified Thai yoga 
exercise program. As expected the VO2/BW was 
significantly greater in the NB group during the 
exercise phase.

Figure 3 shows the mean MET values were 
significantly lower during the modified Thai 
yoga than during the self-selected brisk walking 
pace on the treadmill for both groups. During 
the modified Thai yoga activity, the MET level 
was significantly greater for the NB (2.41±0.26 
MET) as compared to the OB (2.15±0.31 MET). 
Interestingly the %maxHR during Thai yoga was 
significant lower for the OB as compared to the 
treadmill walking activity. Regarding absolute TEE 
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Fig. 3 Impact of the modified Thai Yoga exercise program on energy expenditure.
Mean+SD, obese group (OB), non-obese group (NB), metabolic equivalent (MET), percent of maximal heart rate (%maxHR), 
absolute total energy expenditure (TEE), relative total energy expenditure (TEE/BW), total activity energy expenditure (AEE), 
relative activity energy expenditure (AEE/BW). 
* p < 0.05 represents a signific ant difference at resting, treadmill walking and exercise phases between groups, ap < 0.05 repre-
sented a significant difference: treadmill walking vs exercise in both groups.

and AEE the values were significantly reduced for 
the OB during the Thai yoga activity as compared 
to treadmill walking. Interestingly, there were no 
significant relative differences between groups 
while performing the modified Thai yoga program. 

Regarding RPE, there were no significant 
difference between groups. However, the OB group 
found the modified Thai yoga program significantly 
harder as compared to walking on the treadmill at 
their self-selected brisk walking pace. 
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Discussion

Thai yoga or Ruesri Dat Ton is an alternative 
exercise option of a traditional Thai activity that 
could be used to improve physical performance in 
elderly Thai [10]. This study, utilized modified Thai 
Yoga postures to safely promote this traditional 
Thai activity in obese older women. Our results 
showed that the intensity of the modified Thai 
yoga was 57.43±6.32 %maxHR in the OB group, 
and 59.89±7.94 % maxHR in the NB group. There 
was no significant difference between groups. This 
suggests, support by the observed MET levels (2.15 
±0.31 MET and 2.41 ± 0.26 MET for the OB and NB 
respectively) that this modified Thai yoga program 
provides a light intensity stimulus. This conclusion 
is supported by the classification of “light activity” 
by the American College of Sports Medicine’s 
guidelines as being and activity with a NEAT level 
of < 3 or at 50-64 %maxHR (5). Furthermore, 
RPE, the subjective evaluation for psychological 
response of exercise intensity also showed the level 
of feeling to evaluate the exercise intensity as “ light 
intensity” in both groups. 

To further support the suggestion that the 
metabolic intensity of modified Thai Yoga is a “light 
exercise intensity” activity, we found that the HR, 
%maxHR and MET of modified Thai Yoga in the 
OB group was significantly lower compared with 
those values observed during the self-selected brisk 
walk on the treadmill. One potential explanation, 
the participants were free to performed each posture 
at their own intensity. Secondly, the modified 
Thai Yoga postures performed included both 
static exercise postures for balancing and muscle 
strength while the dynamic exercise postures for 
cardiovascular function. Therefore, the intensity in 
modified Thai Yoga appears to be less than brisk 
walking.

Although, in an earlier study, Ravussin et. 
al., [19] suggested that the obese have a “slowed 
metabolism”, however, over the past 30 years the 
literature has consistently reported contradictory 
findings, proposing that the obese actually have  

a higher absolute energy expenditure than their non-
obese counterparts [17,20,21]. This pattern was 
consistent with the findings of our study with the 
absolute TEE and AEE in the OB being higher than 
those in NB [20,21]. However, if we adjusted TEE 
and AEE by dividing by body weight, there was not 
a significant difference between groups. 

Buranruk [10], examined the metabolic intensity 
of Thai Yoga exercise by studying 14 older adults 
with a BMI of > 25.75 kg/m² (obese). They 
performed 30 min of Thai Yoga that including 
8 sitting postures, 4 standing postures and  
3 lying postures. All of the postures were static 
postures. The results of this study provided values 
of metabolic intensity that were lower than our 
present study. However, this may be explained by 
the exclusive use of static postures in Buranruk’s 
study. It can be safely assumed that the addition of 
dynamic postures in our study induced the higher 
energy expenditure values that were observed.

While only providing a light intensity stimulus,  
a program the includes modified Thai yoga postures 
can provide an alternative exercise option for 
both obese and normal weight elderly individuals. 
Furthermore, it is worth mentioning that after doing 
the exercises, the obese older participants did not 
suffer from any adverse medical events. Therefore, 
the modified Thai yoga is a safe intervention for 
older adults. As for further studies, modifications to 
increase the exercise stimulus as well as potential 
benefits to body balance, muscle strength, bone 
health and motor skills [22] should be investigated.

Conclusions

Modified Thai Yoga is a safe and potentially 
effective exercise intervention for both obese and 
normal weight older women. While the metabolic 
intensities and energy costs observed in this study 
demonstrated that this intervention provides a light 
intensity stimulus, it could be an optional exercise 
program for obese and normal weight older adults 
alike. 
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