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Abstract 
Regular physical activity has been shown to improve overall physical fitness. 
The long-term adherence to physical activity is a big challenge for health 
maintenance; so, pleasure activities, as Hatha Yoga (yoga), may represent a 
good alternative on both individual and public contexts. Yoga is an ancient 
activity designated to both health and unhealthy individuals. It integrates 
physical, mental, and spiritual components and may improve aspects of health. 
The aim of the present study was to evaluate the effects of a 12-week systema-
tized yoga intervention on health-related physical fitness components assessed 
by body mass, body mass index (BMI), waist circumference (WC), relative 
body fat, abdominal endurance, upper body endurance, hamstring flexibility, 
and cardiorespiratory fitness. The study was performed at University of Bra- 
sília, Faculty of Physical Education, Distrito Federal, Brazil. Twenty-five young 
healthy yoga novices (22.36 ± 2.40 years), both gender, volunteered to partic-
ipate in this study. The intervention was based on 50 minutes yoga class, twice 
a week for 12 weeks, involving physical poses, meditation, and relaxation. 
Measurements were performed one week prior to and one week after the yoga 
intervention. Collecting data included age, gender, height, body mass, body fat 
estimates and physical fitness tests. Body fat percentage was determinated by 
the measure of skinfolds at seven sites. Muscle strength/endurance was eva-
luated by push-up and sit-up tests. Hamstring flexibility was assessed using 
sit-and-reach test protocol. The 12-minutes Cooper test was performed to es-
timate cardiorespiratory fitness. Participants that attended at least 75% of the 
total sessions were included in the study results. The results showed 1.3 (1.0 - 
4.0) cm decrease in WC and 0.7 (0.9 - 1.5) decrease in body fat percentage, 
and 7.8 (2.0 - 5.0) cm increase in hamstring flexibility and 3.0 (1.0 - 4.0) in 
abdominal endurance, after the yoga intervention (p < 0.01). In conclusion, 
the present study found that a 12-week yoga program improved physical fit-
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ness in young healthy subjects. 
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1. Introduction 

There is a broad consensus demonstrating that regular physical activity (PA) can 
lead to a range of health benefits in adults (ACSM, 2011) and even for elderly 
people (Rooney, 1993). Moreover, there is positive association between increased 
levels of PA, exercise participation and improved health in older adults (Taylor, 
2014). More recently, low PA has been recognized as an important issue even 
among children. Apart from that, low levels of PA at 12 years old might predict 
future unfavorable health behavior in the adult age (Gadin & Hammarström, 
2002). In that scenario, physical activity promotion is one of the most difficult 
and important challenge in lifestyle change (Erikssen, 2001). Despite some good 
PA promotion programs around the world, as the Agita São Paulo (Matsudo, 
Matsudo, Araújo et al., 2010) and Bogotá Bicycle Paths Initiatives (Torres, Sar-
miento, Stauber, & Zarama, 2013), physical inactivity is still a major public 
health problem. To face that complex human behavior, different strategies to 
promote PA must be evaluated (Hallal, Andersen, Bull et al., 2012; Lee, Shiroma, 
Lobelo et al., 2012). There are several pathways of regular PA broadly performed 
that deserve scientific evaluations. Usually, many people seek alternative paths of 
physical exercise as Hatha Yoga classes. Considering that long-term adherence 
to PA is beneficial for the maintenance of health benefits (Allen & Morey, 2010), 
and might be the biggest challenge for reducing physical inactivity prevalence, 
activities that are associated with pleasure and well being, as Hatha Yoga, may 
represent good alternatives on both individual and public health contexts.   

The popularity of yoga is evident with estimation that in 2012 there were 
about 10.4 million adults’ practitioners in the United States, corresponding to 
5.1% of the US population (Birdee, Legedza, Saper et al., 2008). In England, the 
proportion of yoga practitioners was 1.11% in 2008 (Ding & Stamatakis, 2014). 
Yoga, as a mind-body therapy, may have better adherence than other physical 
interventions, because of the emphasis on the process instead of on the outcome 
(Flegal, Kishiyama, Zajdel et al., 2007). Further, Hatha Yoga is also a non- 
pharmacological intervention recommended to both health and unhealthy indi-
viduals. It integrates physical, mental, and spiritual components which improves 
different aspects of health. Yoga has been associated with enhancement of mus-
cular strength, body composition, cardiorespiratory fitness, sleep pattern and 
quality of life besides a reduction in stress, anxiety, depression and chronic pain 
(Woodyard, 2011). In addition, yoga has been pointed as a positive contribution 
for individuals with overweight, obesity, acute and chronic pain, hypertension, 
diabetes mellitus, and dyslipidemia (Yang, 2007; Aljasir, Bryson, & Al-Shehri, 
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2008; Posadzki, Ernst, Terry, & Lee, 2011; Seo, Lee, Figueroa et al., 2012; McCall, 
Ward, Roberts, & Heneghan, 2013).  

Beyond its physical benefits, yoga is a PA that is accessible to almost everyone, 
and practitioners tend to maintain a regular practice as a consequence of the 
feeling of well-being (Kristal, Littman, Benitez, & White, 2005). A typical yoga 
class contemplates a combination of physical postures, breathing techniques, 
and meditation (Bankar, Chaudhari, & Chaudhari, 2013). In 2011, Field sug-
gested that yoga might improve stretching and muscle toning, keeping the spine 
and joints flexible (Field, 2011). Additionally, it is suggested that yoga practice 
may contribute to long-term weight maintenance, by improving exercise capac-
ity and expending sufficient energy (calories) to contribute to weight control 
(Kristal, Littman, Benitez, & White, 2005). Therefore, it may be effective in 
promoting weight loss and/or improvement in body composition (Rioux & Ri-
tenbaugh, 2013). 

Due to the limited number of studies focused on physical outcomes associated 
with yoga, the available scientific evidence is insufficient to state formal recom-
mendation on the role of yoga in promotion health-related fitness and health. 
Apart from that, some frequent methodological issue may contribute to that 
condition, as the short intervention period commonly used (6 to 10 weeks) 
(Buffart, Uffelen, Riphagen et al., 2012). Given the importance of both PA as 
well its adherence, studies with Hatha Yoga are timely and scientifically impor-
tant since it would be an attractive tool against the aforementioned unhealthy 
lifestyle. It could benefit both healthy and unhealthy adults. Thus, the aim of the 
present study was evaluate the effects of a 12-week systematized yoga interven-
tion on health-related physical fitness. It was hypothesized that the systematized 
intervention of Hatha Yoga is sufficient to improve health-related physical fit-
ness components. 

2. Methods 
2.1. Participants 

A total of 25 subjects (22.36 ± 2.40 years; 1.66 ± 0.10 m) volunteered to partici-
pate in this study. Thus, the study subjects comprise a non-probabilistic and 
convenience sample. Participants were all young yoga novices, both gender (17 
females and 5 males), and college students of University of Brasília. The Ethics 
Committee of the University of Brasília approved the protocol for this study, and 
it was performed according to the Helsinki Declaration of 1975. Participants 
were explained about the purpose and procedures of the study, and provided 
written informed consent to participate.  

2.2. Measures 

Measurements were performed during one week prior to and one week after the 
12-week yoga intervention. The tests were done under standard laboratory con-
ditions after familiarizing the subjects with the testing procedures. Collecting 
data included age, gender, height, body mass, and health-related physical fitness, 
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which comprises 5 components: body composition, muscle strength, muscle en-
durance, flexibility, and cardiorespiratory fitness (CRF) (Caspersen, Powell, & 
Christenson, 1985). The body mass index (BMI) was calculated using the stan-
dardized formula:  

( ) ( )2BMI body mass kg height m= . 

WC was measured at the level midpoint between the lower rib margin and the 
iliac crest with participants in standing position. Body fat percentage was deter-
minated by the measure of skinfolds at seven sites: triceps, subscapular, chest, 
thoracic, suprailiac, abdomen, and thigh. Muscle strength/endurance was eva-
luated by push-up (upper body endurance) and sit-up (abdominal endurance) 
tests, during 1 minute, with the maximum number of repetitions being recorded. 
Hamstring flexibility was assessed using sit-and-reach test protocol (Hoeger & 
Hoeger, 2010), with two trials and keeping the best one. The 12-minutes Cooper 
test (Cooper, 1968) was performed in the 400 meters athletics track to estimate 
cardiorespiratory fitness. A brief warm-up was allowed to all participants and 
the maximum distance covered by running and/or walking at the end of the 12 
minutes period was recorded. Thus, VO2peak was estimated by the following equ-
ation, proposed by Cooper (1968): 

( )2peakVO distance meters 504 45= −   .  

2.3. Procedures 

Participants started their 12-week yoga intervention on the following week after 
a pre-intervention testing session. The intervention sessions took place at Uni-
versity of Brasília, Faculty of Physical Education. Participants that attended at 
least 75% of the total sessions over the course of 12 weeks were included in the 
study results. The intervention was based on 50 minutes Hatha Yoga class. A 
certified Hatha Yoga instructor led it for 3 months twice per week. The classes 
were conducted on a standardized sequence: sited meditation (5 minutes), phys-
ical poses (40 minutes) and lay down relaxation (5 minutes). The sequentially 
physical poses performed were: sun salutation, mountain, warrior, tree, triangle, 
crow, snake, pigeon, frog, seated forward bend, camel, half twist, butterfly, 
shoulder stand, fish, and corpse. Post-intervention testing took place after one 
week of the completion of the 12-week intervention, and followed the same pro-
tocol as for the pre-intervention testing session. 

2.4. Statistical Analyses 

Data were expressed as median (minimum and maximum values). The sample 
normality was tested using the Shapiro-Wilk test. Thus, the difference between 
pre and post intervention was performed by paired Wilcoxon test to all va-
riables. Of note, BMI, WC, body fat percentage, and abdominal endurance 
showed normal distribution, hence they were primarily analyzed as parametric 
variables; however there was no difference between parametric and nonparame-
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tric tests considering the aforementioned variables. Cohen’s d was calculated to 
identify the effect size of training program after 12-week yoga intervention. The 
significance level was set at p < 0.05 and all analyses were conducted using the 
Statistical Package for Social Sciences version 20.0 (SPSS Inc., Chicago, IL, USA). 

3. Results 

All subjects fulfilled the minimum preset attendance. Nevertheless, there were 
sample losses of about 3 subjects because they lacked the post measurement 
meeting. Noteworthy, these subjects were contacted and all absences were ex-
plained by personal reasons. Moreover, the sample was also composed by both 
male and female genders, 5 and 17, respectively. Although all statistical analysis 
were also performed separately by genders, all data are presented only for the 
whole group (male and female) since there were no differences between genders 
(p > 0.05). 

Table 1 shows dependent variables at pre and post 12-week yoga program. 
WC and body fat percentage were significantly decreased after the 12-week yoga 
program. Moreover, hamstring flexibility and abdominal endurance were statis-
tically increased. Even though the other variables did not show statistical differ-
ence after the intervention program, it was observed small effect size in both 
upper body endurance and BMI after the yoga program. Nevertheless, there 
were no other statistical differences. 

4. Discussion 

The hypothesis of the present study was that the systematized intervention of 
Hatha Yoga would be able to promote positive changes in health-related physical 
fitness. According to our results, a statistically significant reduction on WC and 
body fat percentage, and an increase on hamstring flexibility and abdominal en-
durance were observed after experimental protocol. These findings are consistent  

 
Table 1. Descriptive and dependent variables pre and post a 12-week yoga program. Data 
were expressed as median (minimum and maximum values). The effect size of interven-
tion was expressed to dependent variables analyzed. 

Variable Pre Yoga Program Post Yoga Program ES 

n 25 22 - 

Body mass (kg) 58.0 (46.8 - 90.3) 60.0 (45.6 - 90.7) 0.02 

BMI (kg/h2) 21.9 (18.0 - 31.5) 21.6 (17.9 - 32.3) 0.14 

WC (cm) 67.1 (59.0 - 92.0) 65.8 (58.0 - 96.0)* 0.45 

Body Fat (%) 22.3 (16.9 - 36.6) 21.6 (16.0 - 35.1)* 0.54 

Hamstring flexibility (cm) 27.0 (14.0 - 42.5) 34.8 (16.0 - 47.5)* 0.81 

AE (repetitions) 24.0 (15.0 - 52.0) 27.0 (16.0 - 48.0)* 0.48 

UBE (repetitions) 18.0 (3.0 - 40.0) 22.5 (4.0 - 43.0) 0.23 

VO2peak (mL/kg·min−1) 26.2 (9.0 - 42.8) 27.2 (8.9 - 45.5) 0.01 

ES = Effect size; BMI = Body mass index; WC = Waist circumference; AE = Abdominal endurance; UBE = 
Upper body endurance. * = Significant difference between pre and post yoga program (p < 0.01). 
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with previous studies that observed a decrease in WC after a 6-day yoga and diet 
program (Telles, Naveen, Balkrishna, & Kumar, 2010), in fat percentage during 
the practice of hatha yoga (Bhutkar, Bhutkar, Taware, & Surdi, 2011; Ra-
mos-Jiménez. Hernandéz-Torres, & Wall-Mendrano, 2011), and an increase in 
flexibility with 6 or 8 weeks of yoga classes (Tran, Holly, Lashbrook, & Amster-
dam, 2001; Cowen & Adams, 2005; Cowen, 2010; Hewett, Ransdell, Gao et al., 
2011; Amin & Goodman, 2014). Nevertheless, WC reduction after yoga program 
is also controversial in different population (Hedge, Adhikari, Kotian et al., 
2011). Lastly, both body mass and cardiorespiratory test did not show statistical 
difference after the intervention program. 

WC is an important measure of central obesity, and there is a strong associa-
tion between WC, cardiovascular and metabolic risk factors (Zimmet, Magliano, 
Matsuzawa et al., 2005). In that sense, Telles, Naveen, Balkrishna, and Kumar 
(2010) evaluated the impact of 6-day yoga program on the anthropometric 
measures of obese persons with controlled diet. Although the program applied 
by that researchers was shorter than the present study, it was demonstrated an 
important reduction about approximately 2 cm in WC after the protocol. The 
reduction showed in the present study was about approximately 3 cm after the 
protocol, moreover the intervention period was longer. Noteworthy, the partici-
pants in the present study were young and healthy adults without diet control. 
Perhaps, the sample baseline might explain these similar results, even with dif-
ferent duration in the intervention program. In contrast, after evaluate 60 sub-
jects during 12-week yoga program in type 2 diabetes mellitus of both gender, 
Hedge, Adhikari, Kotian et al. (2011) did not find reduction on WC. Beyond the 
lack of available studies analyzing this variable, it is reasonable to assume that 
WC response to a yoga program might depend on the sample characteristics and 
duration of the intervention. Curiously, Hedge, Adhikari, Kotian et al. (2011) 
and Bhutkar, Bhutkar, Taware, and Surdi (2011) found reduction in BMI, sug-
gesting yoga intervention as a positive tool to improve BMI pattern. It is worthy 
to mention that even small reduction on BMI can lead to important health im-
provements as a reduction on the risk for metabolic syndrome (Mileski, Leitão, 
Lofrano-Porto, & Grossi Porto, 2015). However it should be highlighted that 
almost all volunteers of our sample were in a normal range of BMI, what may 
explain the lack of effect on that variable.  

The body fat percentage represents another important measure of obesity that 
was significantly improved after the intervention. Recently, Indian researchers 
followed young adults (49 males and 30 females), 6 times per week, during 
24-week yoga program (Bhutkar, Bhutkar, Taware, & Surdi, 2011). After the 
protocol, females but not males reduced significantly the body fat percentage in 
approximately −2%. The authors attributed these findings to the different diets 
between groups, although the feeding had not been controlled during the inter-
vention program. Nevertheless, the sample of present study was almost com-
posed by females, although there were no differences between gender groups 
when it was analyzed separately. Ramos-Jiménez, Hernandéz-Torres, and Wall- 
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Medrano (2011) also investigated the effects of a yoga program during 11 weeks 
on body composition of Mexican adult women. The protocol consisted in ex-
posing 16 experienced yoga practitioners to 75 minutes of yoga class, 5 times per 
week. After the protocol and corroborating our findings, the researchers ob-
served body fat reduction even in trained practitioners (more than 3 years of 
experience). Besides of the good yoga health results observed in ours and other 
studies, its effects on body composition need investigations in bigger samples 
and for longer periods of time. 

Ramos-Jiménez, Hernandéz-Torres, and Wall-Medrano (2011) also observed 
VO2peak improvement after their yoga intervention, in contrast to our findings. In 
addition, there are other studies that have shown benefits of yoga practice for 
cardiopulmonary endurance in healthy people (Birkel & Edgren, 2000; Ray, 
Mukhopadhyaya, Purkayastha et al., 2001; Tran, Holly, Lashbrook, & Amster-
dam, 2001). The rationale hypothesis to the cardiorespiratory improvement as-
sociated with yoga training is an expected physiological adaptation related to an 
increased oxygen delivery, decreased oxygen consumption and respiration rate, 
and decreased resting heart rate for a same effort level, resulting in improved 
exercise capacity (Raub, 2002). Similarly to our findings, Tracy and Hart (2013) 
have not found changes in VO2max in healthy young adults yoga practitioners, 
after eight weeks of intervention. The intensity of exercise performed in a tradi-
tional yoga class is low, as shown by Ray, Pathak, and Tomer (2011), who have 
found a range from 9.9% to 26.5% of VO2max during a full yoga practice session. 
The metabolic costs during one hour are similar to walking on a treadmill at 3.2 
kph, and may not meet recommendations for levels of physical activity for im-
proving or maintaining health or cardiovascular fitness (Hagins, Moore, & Run-
dle, 2007). Perhaps, it could be understood as a result of the slow execution of 
the postures with adequate rest pause; as a consequence, it may be not enough to 
promote significant changes in VO2max, except for the practice of sun saluta-
tion, which is a dynamic exercise and may promote conditioning of cardiorespi-
ratory parameters (Sinha & Sinha, 2014). Another possibility to take into ac-
count is the relatively short period of intervention to allow an improvement in 
cardiorespiratory fitness in young adults. 

It was observed a small effect size considering upper body endurance, howev-
er and contrarily, other studies have shown significant improvement in push-up 
(Cowen & Adams, 2005; Bhutkar, Bhutkar, Taware, & Surdi, 2011). Bhutkar, 
Bhutkar, Taware, and Surdi (2011), however, designed their study with the per-
formance of only sun salutation, a slow dynamic exercise. Many of its poses 
contribute to strength because they require sustained contractions of large mus-
cle groups, which are comparable to resistance training (Campbell, Crim, 
Young, & Evans, 1994). The lack of specificity for the protocol used in the 
present study may explain this result on upper body endurance. Another major 
finding was that abdominal endurance may have improved as a result of this 
Hatha Yoga intervention, and it is corroborated by other preview studies (Co-
wen & Adams, 2005; Bhutkar, Bhutkar, Taware, & Surdi, 2011). Perhaps, it has 
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happened due to the fact that yoga exercises the trunk region and requires the 
core musculature. In addition, yoga can influence reducing this local fat. That 
combination could explain an increase in strength and endurance of abdominal 
muscles (Bera & Rajapurkar, 1993). 

It is necessary recognize that the present study had some methodological li-
mitations, as a small self-selected sample, the absence of a control group, and the 
withdrawal of subjects before the post-test. Yet the relative magnitude and con-
sistency of the observed differences between pre and post-test support their va-
lidity. In contrast to prior studies, it was used the same sequence of yoga post-
ures during all the intervention period. Intervention with yoga is much recom-
mended, since it is easy to practice, it does not require any tools, and limited 
space is enough. Future studies could incorporate a control group, and a physi-
cally active experimental group. Also, additional suggestions for future research 
include analyzing dose response relationship for yoga, ideal frequency and dura-
tion in postures. Albeit these limitations, the observed improvement in waist 
circumference, body fat, flexibility and abdominal endurance associated with a 
12-week period of yoga training should be carefully taken into account in a sce-
nario of an obesity and physical inactivity pandemic. As yoga seems to have 
good adherence as compared to more traditional physical activities programs, its 
effects on health-related physical fitness should be focused on furthers studies. If 
our results are confirmed on lager and better-controlled studies, yoga interven-
tions may represent a powerful alternative in physical activity interventions fo-
cused on a public health approach.  

5. Conclusion 

Results of the present study indicate that a 12-week yoga intervention was asso-
ciated with improvement on health-related physical fitness in young healthy 
subjects. More specifically, the applied yoga program was associated with signif-
icant decrease of WC and relative body fat, and increase of hamstring flexibility 
and abdominal endurance. 
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