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Abstract
 Sedentary lifestyle and physical inactivity in young adults have been associated with cardiovascular disease (CVD). 
Moreover, low cardiopulmonary fi tness reveals high risk for all-cause mortality in sedentary individuals with or without 
underlying CVD. Thai wand exercise is a traditional exercise which believed to improve health-related quality of life and 
reduce cardiovascular risk factors. Therefore, the present study was aimed to determine the effect of Thai wand exercise 
on lung capacity and cardiovascular risk factors in sedentary young adults. Twenty nine sedentary young adults aged 18-25 
years old in urban, Nakhon Pathom were recruited. All of them were performed 40 min/day, 3 days/week for 4 weeks of 
Thai wand exercise training. Anthropometry, body composition, blood pressure, chest expansion and lung capacity were 
measured before and after 4 weeks of training. Thai wand exercise signifi cantly reduced waist circumference (71.5 ± 5.7, 
70.4 ± 5.5 cm, P < 0.01), percentage of body fat (35.4 ± 4.0, 33.9 ± 3.3 %, P < 0.01) and fat mass (20.1 ± 4.0, 19.2 ± 3.6 kg, 
P < 0.01) and increased tidal  volume (0.5 ± 0.2, 0.6 ± 0.1 L, P < 0.01), vital capacity (3.0 ± 0.6, 3.1 ± 0.7 L, P < 0.05), 
forced vital capacity (2.9 ± 0.7, 3.1 ± 0.7 L, P < 0.01) and chest expansion (upper; 3.2 ± 1.0, 3.9 ± 1.3 cm, P < 0.01), 
(middle; 3.7 ± 1.1, 4.4 ± 1.2 cm, P < 0.01), (lower; 3.8 ± 1.3, 4.7 ± 1.3 cm, P < 0.01). This study demonstrates that Thai 
wand exercise training improve lung capacity which related to physical health status. In addition, this training program 
reduced body and abdominal fat which related to risk factors for CVD. Therefore, Thai wand exercise is a good approach 
to improve health-related quality of life and reduce cardiovascular risk factors.
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inconvenient and fi nancial cost for young adults. Thus, the 
present study offers a traditional exercise which is called 
Thai wand exercise. Thai wand exercise is series of exercise 
which fl exibility, balance, endurance and diaphragmatic 
breathing exercise is combined. All of movement during 
exercise is simple and smooth with full range of motion of 
shoulders and waist.13 The movements combination with 
diaphragmatic breathing exercise could improve respiratory 
muscle strengthening and lung capacity and also reduce 
risks for CVD. The previous study demonstrated that older 
individuals who performed 40-minute Thai wand exercise per 
day, 3-5 days per week for 15 weeks revealed improvement 
of body fl exibility, functional capacity, abdominal obesity 
and health-related quality of life.13 However, no study has 
determined the effectiveness of Thai wand exercise on 
lung capacity and cardiovascular risk factors. Therefore, 
the present study is aimed to determine the effect of Thai 
wand exercise on lung capacity and cardiovascular risk 
factors in sedentary young adults.

Materials and Methods
Subjects
 Twenty nine subjects (4 men and 25 women) aged 
18-25 years old were recruited from the general population 
in the urban area of Nakhon Pathom, Thailand by Global 
Physical Activity Questionnaire. Sedentary lifestyle and 
physical inactivity were defi ned as the number of hours 
per week spent during leisure time, e.g., computer use, 
video game playing, television viewing, and reading. Time 
spent was measured by a physical activity questionnaire. 
The questionnaire included information of activity types, 
frequencies and average of time spent on these activities 
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Sedentary lifestyle and physical inactivity represent the 
high prevalence and public health concern in developed 

and developing countries. In Thailand, 21% and 24% of 
men and women adolescence are lack of physical activity. 
Moreover, the prevalence of individuals with sedentary 
lifestyle and physical inactivity is rising steadily.1 Sedentary 
lifestyle and physical inactivity in young adults have 
been associated with cardiovascular disease (CVD).2 The 
association between sedentary lifestyle and the development 
of obesity and metabolic syndrome during adolescence is 
revealed.3-4 Moreover, low cardiopulmonary fi tness reveals 
high risk for all-cause mortality in sedentary individuals 
with or without underlying CVD.5 Interestingly, sedentary 
lifestyle is associated with less effi cient lung capacity.6 
Moreover, individuals with sedentary lifestyle are also 
associated with high prevalence of obesity, development of 
restrictive of lung diseases and cardiovascular mortality.7 

Involvement in certain physical activities and regular 
exercise could improve in respiratory muscle strengthening 
and lung capacity.8-10

 To date, endurance exercise training has been 
recommended to promote health status and reduce body 
fat which is associated with a better health-related quality 
of life.11-12 Nevertheless, normal fi tness training in gyms is 
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over the last three months before the interviews. Subjects 
with underlying of CVD, hypertension, impaired mobility, 
hepatic and renal function were excluded. They performed 
Thai wand exercise for 4 weeks and no leisure-time 
physical activity, or having activities for less than 20 minutes 
or fewer than 3 times per week throughout the study 
(Figure 1). All parameters were collected before and after 
4 weeks of training. This study was conducted according to 
the guidelines for Human Research Protection which was 
approved by the Ethical Committee of Mahidol University 
Institutional Review Board (MU-IRB 2010/294.2810). 
Written and verbal informed consents were obtained from 
all subjects. Verbal consent was witnessed and formally 
recorded.

Assessed for enrollment
(n = 38)

Excluded
ongoing physical activity (n = 6)

Subjects recruitment 
(n = 32)

Thai wand exercise program
40 min, 3 times/week, 4 weeks

Completed study and analyzed
(n = 29, 90.6%)

Drop out
personal reasons and 

irregular exercise program (n = 3)

Figure 1. Flow chart of the study representing subject enrolment, 

exercise intervention and data analysis.

Anthropometric and body composition measurements
 Height and body weight (BW) (with subjects in their 
minimal clothing) were measured with a laboratory scale 
(Detecto, Webb City, MO U.S.A.). Body mass index (BMI) 
was calculated as the ratio of BW in kilograms to height in 
meters squared. The body density was calculated based on 
skinfold thickness in the area of biceps, triceps, subscapular 
and suprailiac using a skinfold caliper (British Indicators 
Ltd, St Albans, Herts, England) and substitute the log of their 
sum into one of the equations by Durnin and Womersley.14 
Percentage of body fat (% BF) was calculated using the 
Siri equation as following: % BF = (495/Body Density) – 
450.15 Fat mass (FM) and fat free mass (FFM) were then 
calculated from % BF.  The waist circumference (W) was 
measured midway between the costal margin and iliac crest. 
Hip circumference (H) was measured around buttock at the 
level of maximal dimension in a free-standing position.

Blood pressure measurements
 Blood pressure (BP) and heart rate (HR) were 
measured after a 20-minute rest, using the automatic 
sphygmomanometer (Datascope ACCUTORR#1A, Japan) 
on the right upper arm in the sitting position. Average BP 
and HR were determined from three measurements after 

an almost stable BP seemed to have been reached. Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
were used to calculate mean arterial pressure (MAP) by 
using the formula: MAP = DBP + 1/3 (SBP – DBP)

Chest expansion measurements
 Chest expansion was measured the circumferential 
change of the thorax at three levels (axillary, xiphisternal 
and the tenth costal cartilage) using tap. The difference 
between normal breath and deep breath was collected for 
chest expansion. Chest expansion was measured twice 
before and after 4 weeks of training and the best value was 
taken.

Pulmonary function test
 Pulmonary function of all subjects was measured 
before and after 4 weeks of training using a gas analyzer 
system (Vmax encore 29, VIASYS Healthcare Inc., USA). 
The gas analyzer system was calibrated prior to each test 
and the tests were carried out according to standardized 
clinical spirometry procedure.16-17 Subjects had to remain 
in the upright position with a tightly fi tted nose clip during 
the test. The largest value obtained from three executions 
which did not differ by more than 5% or 100 milliliters 
was taken. The percents of predicted value were calculated 
using Thai pulmonary function predicted values avail-
able from Faculty of Medicine Siriraj Hospital, Mahidol 
University (2000).

Exercise intervention
 Subjects completed a 4-week Thai wand exercise 
program which consisted of three 60-minute sessions 
each week at an intensity of 50% of their individual age-
predicted maximum heart rate. The program was a 10-form 
Thai wand exercise modifi ed by Puengsuwan and colleagues 
in 2008.13 The program emphasized the range of motion 
of upper limbs and trunk for enhancing lung expansion 
and diaphragmatic breathing exercise was combined (1:2 
inspiration to expiration ratio). Subjects were instructed to 
deeply inhale when hands were moving outwards and slowly 
exhale when hands were moving inwards. Diaphragmatic 
breathing exercise can improve ventilation, reduce work 
of breathing and dyspnea. All subjects were asked to reas-
sess the breathing techniques every week for maintain the 
proper skills. The Thai wand movements were performed 
in a series, simple and smooth. In addition, breathing and 
mental concentration were naturally coordinated. In this 
study, subjects learned to perform Thai wand exercise on 
the fi rst day of the intervention period. A video was also 
given to each subject to facilitate daily self-practice. They 
performed Thai wand exercise training at home according 
to a video recording for one session (40 minutes) per day, 3 
days/week for 4 weeks. All subjects were asked to perform 
Thai wand exercise that led by a qualifi ed instructor at 
laboratory every week for reassessment and adjustment of 
the program. Each subject was called every week to check 
their cooperation to the program. Subjects were asked to 
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do leisure-time physical activity or activities for less than 
20 minutes or fewer than 3 times per week though the 
experiment. Subjects were asked to record their physical 
activity for three days; two weekdays and one weekend 
day during one week before the start of the experiment and 
every week during the experiment.

Statistical analysis
 All statistics were calculated by using the SPSS 
statistical software 18.0.  Parametric tests were used to 
test a normal distribution of data. The normally distributed 
parameters were analyzed by paired t-test. Wilcoxon-signed 
rank test was used to compare non-normally distributed 
parameters. The data were expressed as mean ± SD (range: 
minimum and maximum values), mean differences and 
95% confi dence intervals. Signifi cant differences were 
defi ned as P < 0.05. 

Results
 Thirty eight young adults were recruited in this study. 
Six young adults were excluded from participation because 
of ongoing physical activity. Thirty two sedentary young 
adults performed 40 minutes of Thai wand exercise train-
ing per day, 3 days/week for 4 weeks. During the training 
period, three subjects withdrew from participation because 
of personal reasons and irregular exercise program. After 
4 weeks of training, 29 sedentary young adults (4 men and 
25 women), aged 19 ± 0.9 years old, completed the study 
(90.6%). (Table 1)

Table 1. Physical characteristics and pulmonary function

Sedentary young adults (n = 29)

Gender

Age (years)

BW (kg)

BMI (kg/m2)

Height (cm)

FVC (%pred)

FEV1 (%pred)

FEV1/FVC(%pred)

FEF 25%-75% (%pred)

PEF (%pred)

4M, 25W

19.0 ± 0.9

56.3 ± 7.2

21.8 ± 2.3

106.7 ± 7.6

  98.5 ± 10.6

 92.9 ± 12.1

94.6 ± 9.1

  97.7 ± 21.0

  93.9 ± 18.1

Values are expressed as mean ± SD. BW, body weight; 
BMI, body mass index; FVC, forced vital capacity; FEV

1
, 

forced expiratory volume in one second; FEV
1
/FVC, the 

ratio of forced expiratory volume in one second to forced vital 
capacity; FEF 25%-75%, Forced  mid-expiratory  fl ow; PEF, 
peak expiratory fl ow; % pred, percent of predicted value. 

Changes in anthropometric and body composition
 Combined data showed that Thai wand exercise train-
ing signifi cantly reduced W -1.1 cm (95% CI: -1.8 to -0.4 
cm, 71.5 ± 5.7, 70.4 ± 5.5 cm, P < 0.01), % BF -1.5% (95% 
CI: -2.3 to -0.6 %, 35.4 ± 4.0, 33.9 ± 3.3 %, P < 0.01) and 
FM -0.9 kg (95% CI: -1.4 to -0.3 kg, 20.1 ± 4.0, 19.2 ± 3.6 
kg, P < 0.01) after 4 weeks of training (Table 2). However, 
there was no signifi cant difference in BW, BMI, H, waist-
to-hip ratio (W/H ratio), SBP, DBP, MAP and HR before 
and after 4 weeks of training (Table 2).

Table 2. Changes in physical characteristics before and after 4 weeks of training in sedentary young adults.

Sedentary young adults (n = 29)

before after
Mean difference 

(95% CI)
P value

BW (kg)
BMI (kg/m2)
% BF
FM (kg)
FFM (kg)
W (cm)
H (cm)
W/H ratio
SBP (mmHg)
DBP (mmHg)
MAP (mmHg)
HR (bpm)

 56.3 ± 7.2 (44 – 80)
 21.8 ± 2.3 (18 – 26.6)
 35.4 ± 4.0 (24.6 – 41)
 20.1 ± 4.0 (13.1 – 31)
 36.3 ± 4.3 (29.5 – 49)
 71.5 ± 5.7 (60 – 89.5)
 94.6 ± 5.7 (83.5 – 106)
 0.75 ± 0.05 (0.7 – 0.9)
 105.1 ± 11.4 (84 – 134)

 64.0 ± 8.7 (52 – 92)
77.7 ± 8.3 (63.7 – 97.3)
 80.6 ± 9.7 (66 – 106)

 56.3 ± 7.5 (43.2 – 79)
 21.8 ± 2.4 (17.7 – 26.6)
 34.0 ± 3.3 (20.9 – 40)
 19.2 ± 3.6 (13 – 28)

 36.3 ± 4.6 (29.9 – 48)
 70.4 ± 5.5 (59 – 85)
 94.4 ± 5.6 (83 – 105)
 0.75 ± 0.04 (0.7 – 0.9)
 104.4 ± 10.9 (80 – 126)

 63.2 ± 7.4 (49 – 83)
76.9 ± 7.9 (59.3 – 95.3)
 79.5 ± 10.0 (68 – 111)

-0.0 (-0.5 to 0.5)
-0.0 (-0.2 to 0.2)
-1.5 (-2.3 to -0.6)
-0.9 (-1.4 to -0.3)
-0.0 (-0.5 to 0.5)
-1.1 (-1.8 to -0.4)
-0.2 (-1.9 to 1.5)
0.0 (-0.1 to 0.1)
-0.7 (-4.4 to 3.1)
-0.8 (-3.7 to 2.1)
-0.8 (-3.2 to 1.6)
-1.1 (-5.5 to 3.4)

0.95
0.87

<0.01**

<0.01**

0.95
<0.01**

0.50
0.51
0.73
0.57
0.51
0.62

Values are expressed as mean ± SD (range: minimum and maximum values). BW, body weight; BMI, body mass index; % 
BF, percentage of body fat; FM, fat mass; FFM, fat free mass; W, waist circumference; H, hip circumference; W/H ratio, 
waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic; MAP, mean arterial pressure; HR, heart rate. 

*P value < 0.05, ** P value < 0.01; paired t-test.
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Changes in pulmonary function and chest expansion
 After 4 weeks Thai wand exercise training, tidal vol-
ume (TV) 0.1 L (95% CI: 0.1 to 0.1 L, 0.5 ± 0.2, 0.6 ± 0.1 L, 
P < 0.01), vital capacity (VC) 0.1 L (95% CI: 0.0 to 0.2 L, 
3.0 ± 0.6, 3.1 ± 0.7 L, P < 0.05) (Table 3 and Figure 2) and 
forced vital capacity (FVC) 0.1 L (95% CI: -0.0 to 0.3 L, 
2.9 ± 0.7, 3.1 ± 0.7 L, P < 0.01) (Table 3 and Figure 3) were 
signifi cantly increased and the ratio of forced expiratory 
volume in one second to forced vital capacity (FEV

1
/FVC) 

-4.9% (95% CI: -9.3 to -0.4%, 94.6 ± 9.1, 89.8 ± 7.6%, P 
< 0.05) (Table 3 and Figure 3) was signifi cantly decreased. 
However, there was no signifi cant difference in maximal 
voluntary ventilation (MVV) and FEV

1
 before and after 4 

weeks of training (Table 3). Combined data showed that 
Thai wand exercise training signifi cantly increased chest 
expansion: upper chest 0.6 cm (95% CI: 0.3 to 0.9 cm, 3.2 
± 1.0, 3.9 ± 1.3 cm, P < 0.01), middle chest 0.7 cm (95% 
CI: 0.4 to 1.0 cm, 3.7 ± 1.1, 4.4 ± 1.2 cm, P < 0.01) and 
lower chest 0.9 cm (95% CI: 0.5 to 1.3 cm, 3.8 ± 1.3, 4.7 
± 1.3 cm, P < 0.01) after 4 weeks of training (Table 3).

0

20

40

60

80

100 TV 

VC

before after

Pe
rc

en
t o

f c
ha

ng
ed

22.2% 

4.9%

**

*

Figure 2. Percent change of tidal volume and vital capacity before 
and after 4 weeks of training in sedentary young adults (n = 29). 
Values are expressed as percent change. TV, tidal volume; VC, 
vital capacity; *P value < 0.05, **P value < 0.01.
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Figu  re 3. Percent change in FVC and FEV1/FVC before and after 
4 weeks of training in sedentary young adults (n = 29). Values are 
expressed as percent change. FVC, forced vital capacity; FEV1/
FVC, the ratio of forced expiratory volume in one second to forced 
vital capacity; *P value < 0.05, **P value < 0.01.

Table 3. Changes in pulmonary function parameters before and after 4 weeks of training in sedentary young adults

Sedentary young adults (n = 29)

before after
Mean difference 

(95% CI)
P value

TV (L)
VC (L)
MVV (L)
FVC (L)
FEV1 (L)
FEV1/FVC
 Upper chest (cm)
 Middle chest (cm)
 Lower chest (cm)

0.5 ± 0.2 (0.3 – 0.9)
3.0 ± 0.6 (2.3 – 5.1)

106.7 ± 32.0 (59 – 194)
2.9 ± 0.7 (1.8 – 4.9)
2.8 ± 0.7 (2.0 – 4.9)

94.6 ± 9.1 (73.1 – 119.1)
3.2 ± 1.0 (1.5 – 4.5)

3.7 ± 1.1(2 – 5)
3.8 ± 1.3 (2 – 6)

0.6 ± 0.1 (0.5 – 1.0)
3.1 ± 0.7 (2.3 – 5.3)

109.6 ± 32.0 (56 – 173)
3.1 ± 0.7 (2.2 – 4.8)
2.8 ± 0.6 (2.0 – 4.8)

89.8 ± 7.6 (70.9 – 100)
3.9 ± 1.3 (1.5 – 6)
4.4 ± 1.2 (2.5 – 6)
4.7 ± 1.3 (2 – 7)

0.1 (0.1 to 0.1)
0.1 (0.0 to 0.2)
2.9 (-2.2 to 8.1)
0.1 (-0.0 to 0.3)
-0.1 (-0.2 to 0.0)
-4.9 (-9.3 to -0.4)
0.6 (0.3 to 0.9)
0.7 (0.4 to 1.0)
0.9 (0.5 to 1.3)   

<0.01**, a

<0.05*, a

0.25, a

<0.01**, b

0.11b

<0.05*, a

<0.01**, a 
<0.01**, a

<0.01**, a

Values are expressed as means ± SD (range: minimum and maximum values). TV, tidal volume; VC, vital capacity; MVV, 
maximal voluntary ventilation; FVC, forced vital capacity; FEV

1
, forced expiratory volume in one second; FEV

1
/FVC, the 

ratio of forced expiratory volume in one second to forced vital capacity. 

* P value < 0.05, ** P value < 0.01; apaired t- test, bWilcoxon-signed rank test.

Discussion
 This is the first study in sedentary young adults 
who performed 40 min/day, 3 days/week for 4 weeks of 
Thai wand exercise training. Results showed signifi cant 
improvement in lung capacity, chest expansion, body and 
abdominal fat. 
 Pulmonary function test is used as a tool in general 
health assessment in healthy subjects and patients.16-17 

These parameters are a long-term predictor for overall 
survival rates in patients with chronic lung disease.18

Interestingly, sedentary lifestyle is associated with less 
effi cient lung capacity which leads to restrictive of lung 
diseases.7 Moreover, individuals with sedentary lifestyle 
are also associated with high prevalence of obesity and 
cardiovascular mortality.6-7
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 This study found that after 4 weeks of Thai wand 
exercise training with diaphragmatic breathing exercise 
chest expansion, TV, VC, FVC and FEV

1
/FVC were 

improveed in sedentary young adults. The fi ndings on 
chest expansion and lung capacity are supported by several 
previous studies.13, 19-22 The movements of Thai wand 
exercise are similar to chest wall mobilization which 
includes stretching of intercostal muscles, extension and 
lateral fl exion of trunk and rotation of vertebral segments.20-21 
The increase in chest expansion was demonstrated 
in patients with chronic lung disease who performed 
self-stretching techniques. Moreover, the improvement in 
TV, VC, FVC and FEV

1
/FVC following Thai wand exercise 

training with diaphragmatic breathing exercise may be 
achieved by increasing inspiratory force and lengthening 
of intercostals and accessory muscles.20, 23-24 Thus, 
effectiveness of Thai wand exercise is also interesting 
because the results suggest benefi ts in patients with tight 
chest wall and obstructive of lung diseases. 
 In this study, sedentary young adults who performed 
40-minute Thai wand exercise training per day, 3 days/
week for 4 weeks showed signifi cant improvement in 
body and abdominal fat. It has been known that body and 
abdominal fats are strong independent predictors of 
cardiovascular incidents and infl uence to numerous risk 
factors for CVD were reduced.25-26 A previous study 
reported that abdominal fat was reduced due to the movement 
of Thai wand exercise which occurs around waist. The 
consequence of abdominal and back muscles contraction 
and strengthening may contribute to the reduction of 
waist circumference.13 Moreover, the reduction abdominal 
fat response to the exercise training and greater energy 
expenditure in young and elderly was demonstrated.27-28

 The limitation of this study is its short duration. A 
previous study of a 12-week yoga program has shown 
improvement in FEV

1
 and peak expiratory fl ow in yogis, 

marathon runners and sedentary workers.29 Although, 
changes may have been apparent, an extension in the du-
ration of the study has been performed. Most subjects in 
this study (90.6%) continue practicing Thai wand exercise 
with high compliance rate of daily self-practice. Therefore, 
future studies should consider long term effects of the 
exercise program to assess the long term adherence of par-
ticipants. In addition, due to the absence of control group 
in this study, future studies should perform to decrease the 
errors of the results.

Conclusion
 This study demonstrates that Thai wand exercise 
training improve lung capacity which is related to physical 
health status. In addition, this training program reduced 
body and abdominal fat which is related to risk factors for 
CVD. Therefore, Thai wand exercise is a good approach 
to improve health-related quality of life and may reduce 
cardiovascular risk factors.
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