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ABSTRACT

Physical inactivity is one of the four key preventable risk factors, along with
unhealthy diet, tobacco use, and alcohol consumption, underlying most
noncommunicable diseases. Promoting physical activity is particularly important
among children and youth, whose active living behaviours often track into
adulthood. Incorporating yoga, an ancient practice that originated in India, can be a
culturally-appropriate strategy to promote physical activity in India. However, there
is little evidence on whether yoga practice is associated with moderate-to-vigorous
physical activity (MVPA) accumulation. Thus, this study aims to understand how
yoga practice is associated with MVPA among children and youth in India. Data for
this study were obtained during the coronavirus disease lockdown in 2021. Online
surveys capturing MVPA, yoga practice, contextual factors, and sociodemographic
characteristics, were completed by 5 to 17-year-old children and youth in partnership
with 41 schools across 28 urban and rural locations in five states. Linear regression
analyses were conducted to assess the association between yoga practice and MVPA.
After controlling for age, gender, and location, yoga practice was significantly
associated with MVPA among children and youth (p = 0.634, p < 0.000). These
findings highlight the value of culturally-appropriate activities such as yoga, to
promote physical activity among children and youth. Yoga practice might have a
particularly positive impact on physical activity among children and youth across the
world, owing to its growing global prevalence.
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INTRODUCTION

Physical activity is a key determinant in preventing and managing non-communicable
diseases (NCDs) (Lee et al., 2012; Biswas et al., 2022; Santos et al., 2023; Warburton, Nicol
¢ Bredin, 2006). Given that low-and middle-income countries bear a high proportion of
the world’s NCD burden, promoting physical activity among children and youth in the
global south is crucial (World Health Organization, 2009, 2002). With recent reports
indicating that India is the most populous nation in the world (Hertog ¢ Gerland, 2023;
Sciubba, 2023), it is essential to address physical inactivity among Indian children and
youth to minimize the global burden of NCDs. Studies have consistently proven that
culturally-appropriate interventions can reduce health disparities and minimize the
prevalence of NCDs among individuals living in India (Joo ¢ Liu, 2021; Natesan et al.,
2015; Patel et al., 2017).

Yoga originated in India as a practice for integrating the body and mind (Basavaraddi,
2023). It is a significant cultural component of physical activity that is widely promoted by
various public and private organizations (Bhawra et al., 2023). Yoga practice includes
participation in physical postures (asanas), breathing techniques (pranayama), and
meditation practices (Govindaraj et al., 2016). Research has demonstrated the effectiveness
of school-based yoga programs for Indian children and youth in improving mental health
and cognitive performance (Kauts ¢ Sharma, 2009; Singh, 2018; Hart et al., 2022; Telles
et al., 2014). Yoga practice also enhances the musculoskeletal system, including improving
muscle strength, manual dexterity, and grip strength (Raghuraj ¢ Telles, 1997;
Mandanmohan et al., 2003). Despite its numerous health benefits, yoga was one of India’s
lowest-ranked indicators of active living among children and youth, according to the 2022
India Report Card on physical activity for children and adolescents, as less than a quarter
of them reported engaging in daily yoga practice (Bhawra et al., 2023). In contrast, the
adoption of yoga has been increasing, with approximately 300 million people reporting
practicing yoga worldwide (Singh, 2022).

Given the rising global prevalence of yoga, it is important to understand yoga’s
association with moderate-to-vigorous physical activity (MVPA), a key determinant in
NCD prevention (CDC, 2022; 24-Hour Movement Guidelines, n.d; Participaction, 2022).
Current research on the effects of yoga on children and youth has been notably limited,
especially considering that it is a culturally-appropriate intervention that could
significantly benefit Indian children and youth (Kauts ¢ Sharma, 2009; Singh, 2018; Hart
et al., 2022; Telles et al., 2014). Thus, this study aims to investigate the association between
yoga practice and MVPA among children and youth in India, while controlling for
sociodemographic and related contextual factors, to inform culturally-appropriate physical
activity interventions.

MATERIALS AND METHODS
Design

Data were collected in this study from multiple centres using digital surveys during the
coronavirus disease lockdown in India in 2021 (Bhawra et al., 2023; Vispute et al., 2023).
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Random selection of 5 of the 28
Indian states

Schools in urban cities contacted Schools in rural villages contacted

A list of 50 schools was generated

\ 4

41 schools agreed to participate in
the study and sent online
questionnaires to students

Informed consent was obtained from
parents and/or their children

1042 children and youth were
enrolled in the study

Figure 1 Diagram of multi-stage random sampling method.
Full-size &&] DOIL: 10.7717/peer].17369/fig-1

The study employed a cross-sectional, observational design, and utilized a multi-stage
random sampling method (Fig. 1) to select schools and recruit children and youth. Ethics
approval was obtained from the Ethics Committee of Jehangir Clinical Development
Centre Pvt. Ltd in Pune, Maharashtra (EC registration number—ECR/352/Inst/ MH/2013/
RR-19).

Recruitment and participants
The multi-staged stratified random sampling procedure involved randomly selecting five
out of the 28 Indian states (Gujarat, Madhya Pradesh, Maharashtra, Tamil Nadu, and
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Figure 2 Map of the 28 cities and villages across five Indian states where children and youth were recruited. Map created in MapGeo—
Interactive Geo Maps. Full-size k&l DOL: 10.7717/peerj.17369/fig-2

Telangana). Then, a city (urban area) and a neighbouring village (rural area) were
randomly selected from each state (Fig. 2). A list of 50 schools was generated, with village
schools being government public schools. School principals were approached with study
information and invited to participate in the study. Of the 50 schools invited, 41 schools
participated, with the primary reason for refusal being that the schools did not have time to
participate in the study. Due to the ongoing coronavirus disease lockdown imposed in
India in February 2021 (Ghosal, 2021), the principals electronically shared the study
information and consent forms with students and their parents. The inclusion criteria for
this study were apparently healthy students aged 5 to 17. Children and youth with any
serious illnesses or chronic disorders were excluded from the study. Before emailing
(between March 15, 2021, and May 20, 2021) digital survey links to students, online
written informed consent was obtained from all students and their parents. Parents of
children younger than 13 years were requested to assist their children in self-reporting
information. A sample size calculation was carried out to achieve a 95% confidence level
and a 5% margin of error. The sample size calculation resulted in a sample of 385
participants. Nevertheless, this study engaged with a total of 1,042 children. Data were
collected to capture contextual factors within the following domains: physical activity and
sedentary behaviour accumulation, yoga practice, participation in sports, active
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transportation, peer support for physical activity, built environment, and school
infrastructure.

MEASURES

Sociodemographic characteristics

As a part of this study, children and youth were asked to answer questions pertaining to
their age, gender, and geographic location. The date of birth was collected in the
questionnaire to identify the age of participants. We further categorized individuals into
three age groups (aged 5 to 10 years, aged 11 to 13 years, and aged 14 to 17 years),
representing the different developmental stages from childhood to adolescence. In
particular, the World Health Organization defines individuals under 10 years of age as
children, whereas individuals over 10 years of age are considered adolescents (World
Health Organization, n.d). Llorente-Cantarero et al. (2020) found that physical activity and
sedentary behaviour increased in the transition from childhood to adolescence. Moreover,
there are distinct physical, sexual, cognitive, social, and emotional changes that occur
between early adolescence (ages 10 to 13) and middle adolescence (ages 14 to 17) that may
influence physical activity (HealthyChildren.Org, 2019). Gender was collected by asking
participants whether they identified as “male” or “female”. Geographic location was
determined based on whether the school participants attended was classified as urban or
rural based on its distance from the nearest population centre.

Physical activity

Physical activity was assessed using a modified version of the International Physical
Activity Questionnaire—Short Form (Craig et al., 2003), which asked participants about
the weekly frequency and duration in minutes per day spent on various activities,
including sports, weight training, running, and other disparate activities, such as jumping
ropes, playing garden games, and swimming. The physical activity data were categorized
into three intensity types: inactivity, light activity, and MVPA. Studies have found the
Intraclass Correlation Coefficient for self-reported MVPA among children and youth to
range from fair to good (range 0.565-0.78) (Ng et al., 2019; Strugnell et al., 2014). MVPA
was calculated as the combined time spent in moderate and vigorous activities. The full
physical activity questionnaire, including the list of activities, can be found in Table SI.

Yoga

The study utilized a questionnaire to assess two aspects of yoga practice: “breathing yoga”
and “physical yoga”. Breathing yoga encompassed pranayama practice and deep breathing
exercises (Himalayan Yoga Institute, n.d), while physical yoga included yoga stretches and
various practices such as hatha, vinyasa, and ashtanga yoga (Taylor, 2022). Participants
reported the daily duration and weekly frequency of engaging in both breathing yoga and
physical yoga.
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Peer support

Peer support was assessed by asking participants about the number of close physically
active friends they have, with response options ranging from zero to four or more.
Responses were categorized as either “Has no active friends” if the response was zero or
“Has one or more active friends” if the response was between one and four.

School infrastructure

The perception of school infrastructure, including opportunities and resources for
engaging in physical activity, was measured by asking participants whether or not their
school organizes physical activity before school hours, during lunch hours, or after school
hours, and whether their school has sports/physical activity competitions with other
schools.

Statistical analysis

All analyses were conducted in R 4.2.2 (R Core Team, 2021) 12.0 + 353. The independent
and dependent variables were the average minutes of yoga practice and MVPA per day,
respectively. The overall sample was further stratified into subgroups based on gender
(male and female), geographic location (urban and rural), and age cohort (5 to 10 years
old, 11 to 13 years old, and 14 to 17 years old), resulting in eight multiple linear regression
models. Models were adjusted for age, school infrastructure (all models), peer support (all
models), gender (overall and location models), and location (overall and gender models).
Welch’s unpaired sample t-tests for unequal variances, one-way analysis of variance
(ANOVA), and post-hoc analyses using the Tukey-Kramer method for unequal variances
were performed to compare the average yoga practice and MVPA across different factors,
including gender, age, and location. All results mentioned in this study were considered
statistically significant at a significance level of p < 0.05.

RESULTS

Of the 1,042 children and youth that participated in this study, 992 participants were
analyzed after excluding participants that were not aged 5 to 17. Table 1 presents the full
sample summary, including sociodemographic and contextual factors. The study involved
a diverse sample, consisting of males (50.3%) and females (49.7%), as well as a
combination of urban (59.7%) and rural (40.3%) residents. The sample included 34.2% of
participants aged 5 to 10, 32.1% aged 11 to 13, and 33.8% aged 14 to 17. Further, 92.9% of
the participants had at least one active friend, 63.0% reported that their school organizes
physical activity programs, and 86.6% reported that their school participates in sports
competitions with other schools.

Table 2 shows the average yoga practice and MVPA levels of children and youth who
participated in this study. The mean minutes spent daily on MVPA was 82.51 and the daily
minutes of yoga practice was 8.61. Males had significantly higher MVPA than females
(t =10.57, df = 917.92, p < 0.000). In contrast, females spent more time on yoga practice
than males (t = 2.20, df = 893.76, p = 0.028). Moreover, children and youth living in urban
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Table 1 Summary statistics of the children and youth who participated in the study.

Category Sample Proportion
size (percentage)

Age (N =992)

5-10 339 34.2

11-13 318 32.1

14-17 335 33.8

Gender (N = 992)

Male 499 50.3

Female 493 49.7

Location (N = 992)

Rural 400 40.3

Urban 592 59.7

Active Friends (N = 990)

No active friends 70 7.1

One or more active friends 920 92.9

School organizes physical activity (N = 990)

No 366 37.0
Yes 624 63.0
School participates in sports competition with other schools (N = 883)

No 118 13.4
Yes 765 86.6
Overall 992 N/A

regions spent more time on yoga practice than their rural counterparts (t = 7.24,

df = 950.29, p < 0.000). Additionally, there was a significant difference in yoga practice
across the aged 5 to 10, 11 to 13, and 14 to 17 age groups (F = 4.23, df = 2.00, p = 0.015).
Post-hoc analyses found that the aged 11 to 13 group practiced yoga more than the aged 5
to 10 group (mean difference = 4.18, p = 0.032).

The regression models conducted in this study are presented in Table 3. In the overall
model, yoga practice was associated with higher MVPA levels (B = 0.634, 95% confidence
interval (CI) [0.373-0.894], p < 0.000). Further, yoga practice was associated with MVPA
in the aged 5 to 10 model (p = 0.785, CI= [0.263-1.308], p = 0.004) and the aged 14 to 17
model (B = 0.671, CI = [0.281-1.061], p < 0.000); however, this association was not
significant in the aged 11 to 13 model. There was also a significant association between
yoga practice and MVPA levels in the male (f = 0.757, CI = [0.246-1.268], p = 0.004),
female (p = 0.578, CI = [0.303-0.853], p < 0.000), and urban (p = 0.674, CI = [0.372-0.975],
p < 0.000) models, but not in the rural model.

Having active friends was associated with higher MVPA than having no active friends in
the overall model (f = 39.145, CI = [19.126-59.165], p < 0.000). In the age models, having
active friends was associated with higher MVPA in the aged 5 to 10 (B = 35.308, CI =
[0.834-69.782], p = 0.046) and aged 11 to 13 (B = 46.889, CI = [12.236-81.542], p = 0.008)
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Table 2 Average daily minutes spent on yoga practice and MVPA of children and youth who
participated in the study.

Category Mean minutes of Mean minutes of yoga
MVPA daily (SD) practice daily (SD)

Age (N =992)

5-10 76.777 (68.697) 6.266 (16.044)

11-13 87.732 (81.211) 11.585 (25.555)

14-17 83.429 (81.505) 9.493 (22.120)

Gender (N = 992)

Male

Female

Location (N = 992)

Rural
Urban

Active Friends (N = 990)

No active friend

One or more active friends

School organizes physical activity (N = 990)

No
Yes

School participates in sports competition
with other schools (N = 883)

107.626 (80.680)
57.797 (65.007)

81.210 (73.978)
83.398 (79.546)

37.033 (53.826)
86.242 (77.719)

70.034 (69.736)
90.186 (80.552)

7.259 (16.110)
9.974 (22.191)

3.813 (12.333)
11.857 (22.433)

6.426 (15.975)
8.794 (19.662)

4911 (15.967)
10.809 (20.903)

No 62.145 (69.225) 6.683 (14.405)
Yes 87.296 (79.492) 8.962 (20.095)
Overall 82.505 (77.292) 8.608 (19.410)

models; however, there was no significant association in the aged 14 to 17 model. A
significant association was found between having active friends and MVPA levels in the
male (B = 42.600, CI = [2.485-82.715]), female ( = 37.436, CI = [16.440-58.433],
p < 0.000), and urban (p = 42.565, CI = [20.641-64.489], p < 0.000) models.
Participants reporting that their school participated in sports competitions with other
schools were associated with higher MVPA than those who did not in the overall
(B = 16.405, CI = [1.795-31.016], p = 0.028) and aged 5 to 10 (p = 23.007, CI =
[1.682-44.331], p = 0.035) models. Agreeing that their schools organized physical activity
was associated with higher MVPA levels than participants who disagreed in the overall
(B = 17.477, CI = [7.005-27.949], p = 0.001) and aged 14 to 17 (B = 22.805, CI =
[6.242-39.368], p = 0.007) models. There was also a significant association between
school-organized physical activity and MVPA in the male (B = 16.804, CI = [0.740-32.868],
p = 0.041), female (B = 17.521, CI = [4.210-30.831], p = 0.010), urban (B = 17.358,
CI = [3.422-31.294], p = 0.015), and rural (B = 19.706, CI = [3.901-35.512], p = 0.015)
models.
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DISCUSSION

The relationship between physical inactivity and increased NCD risk among children and
youth is well-documented (Haileamlak, 2019; Biswas et al., 2022; Akseer et al., 2020). This
is an urgent concern in India where a significant number of children and youth do not
meet the recommended physical activity guidelines (Bhawra et al., 2023). Given India’s
status as the most populous nation (Hertog ¢ Gerland, 2023; Sciubba, 2023), addressing
physical inactivity among Indian children and youth is crucial in minimizing the global
NCD burden. As sociocultural factors play a significant role in determining the physical
activity patterns of children and youth, it is imperative to adopt culturally-appropriate
approaches to promote physical activity (Bhawra et al., 2023; Hu et al., 2021; Bhawra et al.,
2018). Interventions that consider sociocultural factors can be more readily accepted,
resulting in higher satisfaction in the target population (Torres et al., 2020). Being a valued
cultural practice in India, yoga holds promise in reducing NCD risk and promoting
healthy behaviours in children and youth (Newcombe, 2017). However, research on the
effects of yoga on children and youth has been notably limited. By examining the effects of
yoga practice on children and youth’s MVPA levels, this study contributes to addressing
this knowledge gap.

This study found that yoga practice was associated with higher MVPA levels among
children and youth in diverse locations across India. Our study findings align with the
2022 India Report Card, which emphasizes promoting physical activity through yoga
programs for children and youth. The report not only supports our main conclusion but
also recommends strategies for increased engagement in yoga, highlighting the holistic
benefits of integrating yoga into physical activity initiatives (Bhawra et al., 2023). Although
no studies have examined the association between yoga practice and MVPA among
children and youth in India, these findings are consistent with previous research that has
demonstrated the positive effects of yoga interventions on various aspects of health among
children and youth in India, including a study which found that yoga interventions can
improve physical, cognitive, and emotional measures among children in India (Telles et al,
2013). In addition, a recent study by Kasture et al. (2024) found that yoga is comparable to
physical exercise in influencing muscle function, highlighting the broader impact of yoga
on health that goes beyond MVPA.

These findings can inform the Fit India Movement (Ministry of Youth Affairs and
Sports, 2020), a national initiative focused on promoting physical activity and wellbeing, by
emphasizing importance of culturally-appropriate activity such a yoga in improving
MVPA.

This study also highlights nuanced variations in the relationship between yoga practice
and MVPA. For instance, yoga practice was associated with MVPA in the 5 to 10-year age
group and the 14 to 17-year age group, but not in the 11 to 13-year age group, indicating
that incorporating yoga into physical activity interventions may have a differential impact
on MVPA based on age. Moreover, this discrepancy may be attributable to the 11 to 13 age
range representing a transition from childhood to adolescence, which involves significant
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physical, social and cognitive changes. For instance, a study by Cozett, Bassett & Leach
(2016) analyzed factors influencing physical activity among 11 to 13-year-olds and found
that multiple factors are associated with changes in physical activity in this age group, such
as parental influence, peer influence, perceived physical activity self-efficacy and perceived
physical activity competence. Our study also found that the aged 11 to 13 group practiced
yoga more than the aged 5 to 10 group, which could indicate a potential developmental
trend in yoga practice as children grow older. These findings are significant, as previous
studies have not compared yoga practice in children and youth across different age
cohorts.

Further, having active friends was associated with higher levels of MVPA in different
age groups. Having active friends was not only associated with higher MVPA in the overall
sample but also among the 5 to 10-year and 11 to 13-year age groups, highlighting the
importance of creating social support networks for physical activity among younger
children. These findings are consistent with previous research highlighting peer support’s
importance in promoting physical activity among children and youth (Bhawra et al., 2023;
Leggett et al., 2012; Jago et al., 2011). However, this association was not significant in the 14
to 17-year age group. This may be attributable to younger children engaging in more
group-based physical activity, whereas older adolescents may have a higher degree of
autonomy and independence in their activity choices, which may reduce the impact of peer
influence. For instance, Smith et al. (2022) found that organized and team-based physical
activity was more common among younger children, and the participation rates declined
with chronological age. Interventions targeting social networks, including peer-led
physical activity programs and initiatives encouraging joint physical activity with friends,
could effectively address these gaps. It is also imperative to provide health education
through individualized strategies for physical activity and to create opportunities during
and after school for individual-based physical activities to promote MVPA among children
and youth without active friends. One potential strategy to promote MVPA could be to
encourage family support from siblings as it has been associated with higher physical
activity levels among youth (Bhawra et al., 2018; Sallis, Prochaska ¢ Taylor, 2000). Given
the importance of social networks, future studies should examine how the number of
siblings in the family is associated with MVPA levels, particularly among children and
youth in India who do not have active friends. Moreover, current evidence suggests that
social support from friends and family may enhance youth’s experience with yoga and
promote continued yoga practice (Dai, Chen ¢ Sharma, 2023). Future studies should
perform mediation analyses to examine the causal pathway between social support, yoga
practice, and MVPA to add to our study findings on the associations between yoga and
MVPA, and between active friends and MVPA.

The 2022 India Report Card also recommended incorporating yoga into physical
education curriculums or after-school programs. This study highlights the association
between school-supported extracurricular physical activity and MVPA levels, with
children and youth attending a school participating in sports competitions with other
schools or offering organized physical activity engaging in more MVPA than their
counterparts who did not. Schools can play an important role in promoting physical
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activity among children and youth by developing policies and programs, such as organized
sports competitions between schools or regular physical activity breaks throughout the
school day (Bhawra et al., 2023, 2018). Moreover, variations in the association between
school infrastructure and MVPA were found within the models segregated by age cohorts.
For children aged 14 to 17, access to school-organized physical activity was associated with
higher MVPA, emphasizing the value of implementing school-supported extracurricular
physical activity such as structured physical activity programs for older youth. Similarly,
access to school-based sports competitions was associated with higher MVPA in the 5 to
10 age group, indicating the effectiveness of providing such opportunities in promoting
MVPA at a younger age. While the study’s recommendations focus heavily on promoting
physical activity among younger age groups, research has shown that physical activity
habits formed at a young age can carry into adulthood, highlighting the importance of
early intervention (Ha et al., 2019; van Sluijs et al., 2021; Mathisen et al., 2023).

This study is the first to examine yoga practice in children and youth residing in urban
versus rural areas in India. Our results not only indicate that children and youth living in
rural areas engage in less yoga than their urban counterparts, but also that yoga practice is
only associated with higher MVPA in urban children and youth. These findings align with
a previous study conducted by Mishra et al. (2020) which found that there was a higher
prevalence of yoga practitioners in urban areas compared to rural areas of India. Given that
yoga has ancient spiritual roots in India, where it was originally practiced in remote regions
(Burgin, 2007), these findings highlight the contemporary shift in yoga’s prevalence. This
shift in yoga prevalence may be attributable to yoga being viewed as a lifestyle activity for
physical and mental well-being, rather than solely limited to the spiritual and meditative
importance (Biissing et al., 2012). Additionally, these disparities suggest unique challenges
in promoting traditional modes of physical activity in rural areas. In urban areas, where
organized sports and structured exercise programs are more accessible than in most rural
areas, individuals practicing yoga are more likely to engage in other forms of physical
activity (Hadire & Pathak, 2020). Promoting physical activity tailored to rural
communities’ unique needs and circumstances may be necessary to address these
disparities. For instance, in rural areas, children and youth may be more involved in
outdoor games and sports than their urban counterparts (Kaur, 2023). Community-based
interventions that focus on creating safe spaces for physical activity in rural areas, such as
playgrounds and sports fields could help to increase physical activity levels among children
and youth living in rural areas.

The results also outlined gendered differences in yoga practice and MVPA levels. Male
children and youth engaged in higher MVPA than females, while females engaged in more
yoga than males. Several barriers may hinder male yoga practice, including the perception
of yoga as a feminine and female-dominated activity (Cagas, Biddle ¢ Vergeer, 2021).
Previous studies found that more male children and youth in India met the MVPA
guidelines than females (Bhawra et al., 2023; Mathur et al., 2021). However, this is the first
study to identify gender differences in yoga practice among children and youth in India.
Nevertheless, although engaging in yoga was associated with higher levels of MVPA for
both males and females, the association was stronger for males. This may reflect differences
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in male and female preferences and interest in distinct types of physical activity; however,
further research is required to unpack these gendered differences. Based on our study
findings, interventions tailored to gendered preferences, including culturally-appropriate
yoga programs for children and youth, should be implemented in schools and community
programs.

These findings are potentially generalizable to similar global populations practicing
yoga. As an accessible physical activity option, yoga can be widely adopted by the youth
population globally; however, future research is required to consider cultural and
contextual factors. For instance, culturally-appropriate land-based active living initiatives
that integrate culturally-appropriate physical activity have improved health outcomes
among Indigenous Canadian youth (Katapally, 2020). Moreover, decolonized approaches
that are well established in settler nations can inform culturally-relevant programing in
previously colonized nations like India (Ironside et al., 2020; Walker et al., 2021; Kannan
et al., 2022). Future research should examine the influence of other culturally-appropriate
activities on MVPA levels, considering their potential to reduce health disparities and
NCD prevalence in low- and middle-income countries such as India (Joo ¢ Liu, 2021;
Natesan et al., 2015; Patel et al., 2017).

STRENGTHS AND LIMITATIONS

This study employed a robust stratified random sampling method across a large sample
size to ensure a representative sample from both urban and rural areas, which enhances the
generalizability of the current study findings. However, with India being a large country
with a diverse population, it is important to note that the current study might not be
representative of all Indian children and youth. The data collected during the Coronavirus
disease pandemic offer unique insights into physical activity levels during a period of
restrictions and limited outdoor opportunities; however, when interpreting the results, it is
important to consider that they may differ in comparison to a non-pandemic time.
Although self-reported measures indicate MVPA levels in children and youth in India,
objective measures such as accelerometers and global positioning system monitors may
reduce recall and social desirability biases as well as provide location-specific data
(Katapally, Bhawra & Patel, 2020). Additionally, controlling for motivating and facilitating
factors for physical activity is critical to ensure that the association between yoga practice
and MVPA is valid. Future studies should substantiate our study findings with longitudinal
studies and randomized controlled trials to control for additional unobserved
confounders. Although previous research indicates there are varying levels of intensity to
classify yoga (i.e., asanas and pranayama) (Sengupta, 2012), these variations were beyond
the scope of our study. Future studies should compare these associations between yoga
practice and MVPA across varying intensities of yoga practice (e.g., light activity for
breathing yoga or moderate-to-vigorous activity for physical yoga) to capture nuanced
variations in the relationship between yoga and MVPA.

This study did not distinguish between public and private educational institutions,
which may be important for understanding the factors that are related to MVPA levels
among youth. In particular, previous literature has found that in India, low socioeconomic
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status has been associated with a decrease in physical activity (Gulati et al., 2014). Indian
youth with higher family income were more likely to attend private school institutions,
where students have been found to engage in less MVPA than their public school student
counterparts (Raskind et al., 2020). Additionally, yoga practice could potentially be
influenced by the type of school children and youth attend and the facilities provided.
As this study did not capture whether yoga practice was accumulated as a part of a school
physical activity program or whether their school participated in inter-school yoga
competitions, biases related to the source and context of yoga engagement may have
influenced the results. Future studies should examine how these associations between yoga
practice and MVPA differ across various local school boards which may have varying
physical activity promotion patterns.

CONCLUSIONS

This study addresses a significant gap in the understanding of the relationship between
yoga practice and engagement in MVPA. The evidence clearly indicates that yoga is a
culturally-appropriate and effective means of promoting physical activity among children
and youth in India. The results also support the need to develop age-, gender, and location-
specific strategies, as well as the necessity to build social support and school infrastructure
to promote MVPA. Nevertheless, with existing programs and policies struggling to achieve
active living objectives, yoga can play an important role in addressing physical inactivity
among children and youth in India-a critical factor in reducing the future burden of global
NCDs.

ACKNOWLEDGEMENTS

The authors acknowledge the research team at Hirabai Cowasji Jehangir Medical Research
Institute, Pune, for obtaining these data during the coronavirus disease pandemic, as well
as the families and schools that participated in this study.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This study is supported by the Canada Research Chairs Program, which funds Dr. Tarun
Katapally’s research program. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Canada Research Chairs Program.

Competing Interests
The authors declare that they have no competing interests.

Patel et al. (2024), Peerd, DOI 10.7717/peerj.17369 14/20


http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

Author Contributions

e Jamin Patel analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

o Sheriff Ibrahim analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

e Jasmin Bhawra conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the article, and approved the final draft.

e Anuradha Khadilkar conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the article, and approved the final draft.

e Tarun Reddy Katapally conceived and designed the experiments, performed the
experiments, authored or reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):
Ethics Committee of Jehangir Clinical Development Centre Pvt. Ltd in Pune,
Maharashtra.

Data Availability
The following information was supplied regarding data availability:

The “Children and Youth in India 2021” dataset is available at Figshare: Patel, Jamin;
Katapally, Tarun (2023). Children and Youth in India 2021: Yoga and MVPA. figshare.
Dataset. https://doi.org/10.6084/m9.figshare.23586321.v2.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.17369#supplemental-information.

REFERENCES

24-Hour Movement Guidelines. n.d. Children & youth 5-17 years-24-hour movement guidelines.
Available at https://csepguidelines.ca/guidelines/children-youth/ (accessed 1 May 2023).

Akseer N, Mehta S, Wigle J, Chera R, Brickman ZJ, Al-Gashm S, Sorichetti B, Vandermorris A,
Hipgrave DB, Schwalbe N, Bhutta ZA. 2020. Non-communicable diseases among adolescents:
current status, determinants, interventions and policies. BMC Public Health 20(1):1908
DOI 10.1186/s12889-020-09988-5.

Basavaraddi I. 2023. Yoga history. Available at https://yoga.ayush.gov.in/Yoga-History/ (accessed
21 May 2023).

Bhawra ], Chopra P, Harish R, Mohan A, Ghattu KV, Kalyanaraman K, Katapally TR. 2018.
Results from India’s 2018 report card on physical activity for children and youth. Journal of
Physical Activity and Health 15(s2):5373-S374 DOI 10.1123/jpah.2018-0475.

Bhawra J, Khadilkar A, Krishnaveni GV, Kumaran K, Katapally TR. 2023. The 2022 India report
card on physical activity for children and adolescents. Journal of Exercise Science ¢ Fitness
21(1):74-82 DOI 10.1016/j.jest.2022.10.013.

Biswas T, Townsend N, Huda MM, Maravilla J, Begum T, Pervin S, Ghosh A, Mahumud RA,
Islam S, Anwar N, Rifhat R, Munir K, Gupta RD, Renzaho AMN, Khusun H,

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 15/20


https://doi.org/10.6084/m9.figshare.23586321.v2
http://dx.doi.org/10.7717/peerj.17369#supplemental-information
http://dx.doi.org/10.7717/peerj.17369#supplemental-information
https://csepguidelines.ca/guidelines/children-youth/
http://dx.doi.org/10.1186/s12889-020-09988-5
https://yoga.ayush.gov.in/Yoga-History/
http://dx.doi.org/10.1123/jpah.2018-0475
http://dx.doi.org/10.1016/j.jesf.2022.10.013
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

Wiradnyani LAA, Radel T, Baxter J, Rawal LB, McIntyre D, Morkrid K, Mamun A. 2022.
Prevalence of multiple non-communicable diseases risk factors among adolescents in 140
countries: a population-based study. eClinicalMedicine 52:101591

DOI 10.1016/j.eclinm.2022.101591.

Burgin T. 2007. History of Yoga basics. Available at https://www.yogabasics.com/learn/history-of-
yoga/ (accessed 17 Jan 2024).

Biissing A, Michalsen A, Khalsa SBS, Telles S, Sherman KJ. 2012. Effects of yoga on mental and
physical health: a short summary of reviews. Evidence-Based Complementary and Alternative
Medicine 2012(3):1-7 DOI 10.1155/2012/165410.

Cagas JY, Biddle SJH, Vergeer I. 2021. Yoga not a (physical) culture for men? Understanding the
barriers for yoga participation among men. Complementary Therapies in Clinical Practice
42:101262 DOI 10.1016/j.ctcp.2020.101262.

CDC. 2022. Youth physical activity guidelines | physical activity | healthy schools | CDC. Available
at https://www.cdc.gov/healthyschools/physicalactivity/guidelines.htm (accessed 1 May 2023).
Cozett C, Bassett S, Leach L. 2016. Factors influencing participation in physical activity among
11-13 year-old school children in the Western Cape, South Africa. Available at https://

repository.uwc.ac.za: (accessed 17 Jan 2024).

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt M,
Ekelund U, Yngve A, Sallis JF, Oja P. 2003. International physical activity questionnaire: 12-
country reliability and validity. Medicine & Science in Sports & Exercise 35(8):1381-1395
DOI 10.1249/01.MSS.0000078924.61453.FB.

Dai CL, Chen CC, Sharma M. 2023. Exploring yoga behaviors among college students based on
the multi-theory model (MTM) of health behavior change. International Journal of
Environmental Research and Public Health 20(14):6395 DOI 10.3390/ijerph20146395.

Ghosal A. 2021. India sees new lockdowns as coronavirus cases rise again. The diploma. Available
at https://thediplomat.com/2021/02/india-sees-new-lockdowns-as-coronavirus-cases-rise-again/
(accessed 18 June 2023).

Govindaraj R, Karmani S, Varambally S, Gangadhar BN. 2016. Yoga and physical exercise-A
review and comparison. International Review of Psychiatry 28(3):242-253
DOI 10.3109/09540261.2016.1160878.

Gulati A, Hochdorn A, Paramesh H, Paramesh EC, Chiffi D, Kumar M, Gregori D, Baldi I.
2014. Physical activity patterns among school children in india. The Indian Journal of Pediatrics
81(1):47-54 DOI 10.1007/s12098-014-1472-x.

Ha AS, Ng JYY, Lonsdale C, Lubans DR, Ng FF. 2019. Promoting physical activity in children
through family-based intervention: protocol of the active 1 + FUN randomized controlled trial.
BMC Public Health 19(1):218 DOI 10.1186/s12889-019-6537-3.

Hadire MH, Pathak M. 2020. Comparison in the sports participation of rural and urban
government high schools in Kashmir. International Journal of Physical Education, Sports and
Health 7(3):396-398 DOI 10.1016/j.ctcp.2020.101262.

Haileamlak A. 2019. Physical inactivity: the major risk factor for non-communicable diseases.
Ethiopian Journal of Health Sciences 29(1):810 DOI 10.4314/ejhs.v29il.1.

Hart N, Fawkner S, Niven A, Booth JN. 2022. Scoping review of yoga in schools: mental health
and cognitive outcomes in both neurotypical and neurodiverse youth populations. Children
(Basel) 9(6):849 DOI 10.3390/children9060849.

HealthyChildren.Org. 2019. Stages of adolescence. Available at https://www.healthychildren.org/
English/ages-stages/teen/Pages/Stages-of-Adolescence.aspx (accessed 16 Jan 2024).

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 16/20


http://dx.doi.org/10.1016/j.eclinm.2022.101591
https://www.yogabasics.com/learn/history-of-yoga/
https://www.yogabasics.com/learn/history-of-yoga/
http://dx.doi.org/10.1155/2012/165410
http://dx.doi.org/10.1016/j.ctcp.2020.101262
https://www.cdc.gov/healthyschools/physicalactivity/guidelines.htm
https://repository.uwc.ac.za:
https://repository.uwc.ac.za:
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.3390/ijerph20146395
https://thediplomat.com/2021/02/india-sees-new-lockdowns-as-coronavirus-cases-rise-again/
http://dx.doi.org/10.3109/09540261.2016.1160878
http://dx.doi.org/10.1007/s12098-014-1472-x
http://dx.doi.org/10.1186/s12889-019-6537-3
http://dx.doi.org/10.1016/j.ctcp.2020.101262
http://dx.doi.org/10.4314/ejhs.v29i1.1
http://dx.doi.org/10.3390/children9060849
https://www.healthychildren.org/English/ages-stages/teen/Pages/Stages-of-Adolescence.aspx
https://www.healthychildren.org/English/ages-stages/teen/Pages/Stages-of-Adolescence.aspx
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

Hertog S, Gerland P. 2023. UN DESA policy brief no. 153: India overtakes China as the world’s
most populous country | department of economic and social affairs. Available at https://www.un.
org/development/desa/dpad/publication/un-desa-policy-brief-no-153-india-overtakes-china-as-
the-worlds-most-populous-country/ (accessed 26 April 2023).

Himalayan Yoga Institute. n.d. 9 yogic breathing practices for mind-body balance and healing.
Available at https://www.himalayanyogainstitute.com/9-yogic-breathing-practices-mind-body-
balance-healing/ (accessed 29 Apr 2023).

Hu D, Zhou S, Crowley-McHattan ZJ, Liu Z. 2021. Factors that influence participation in physical
activity in school-aged children and adolescents: a systematic review from the social ecological
model perspective. International Journal of Environmental Research and Public Health
18(6):3147 DOI 10.3390/ijerph18063147.

Ironside A, Ferguson LJ, Katapally TR, Foulds HJA. 2020. Cultural connectedness as a
determinant of physical activity among Indigenous adults in Saskatchewan. Applied Physiology,
Nutrition, and Metabolism 45(9):937-947 DOI 10.1139/apnm-2019-0793.

Jago R, Macdonald-Wallis K, Thompson JL, Page AS, Brockman R, Fox KR. 2011. Better with a
buddy: influence of best friends on children’s physical activity. Medicine & Science in Sports &
Exercise 43(2):259-265 DOI 10.1249/MSS.0b013e3181edefaa.

Joo JY, Liu MF. 2021. Culturally tailored interventions for ethnic minorities: a scoping review.
Nursing Open 8(5):2078-2090 DOI 10.1002/n0op2.733.

Kannan P, Bhawra J, Patel P, Katapally TR. 2022. Preserving rural school health during the
COVID-19 pandemic: indigenous citizen scientist perspectives from a qualitative study. AIMS
Public Health 9(2):216-236 DOI 10.3934/publichealth.2022016.

Kasture S, Khadilkar A, Padidela R, Gondhalekar K, Patil R, Khadilkar V. 2024. Effect of yoga or
physical exercise on muscle function in rural Indian children: a randomized controlled trial.
Journal of Physical Activity and Health 21(1):85-93 DOI 10.1123/jpah.2023-0182.

Katapally TR. 2020. Smart indigenous youth: the smart platform policy solution for systems
integration to address indigenous youth mental health. JMIR Pediatrics and Parenting
3(2):€21155 DOI 10.2196/21155.

Katapally TR, Bhawra J, Patel P. 2020. A systematic review of the evolution of GPS use in active
living research: a state of the evidence for research, policy, and practice. Health ¢ Place
66(10):102453 DOI 10.1016/j.healthplace.2020.102453.

Kaur R. 2023. Pluralising Indian childhood: children’s experiences and adult-child relations in
urban and rural contexts. In: Bilhler-Niederberger D, Gu X, Schwittek J, Kim E, eds. The Emerald
Handbook of Childhood and Youth in Asian Societies. Leeds, England: Emerald Publishing
Limited, 137-151.

Kauts A, Sharma N. 2009. Effect of yoga on academic performance in relation to stress.
International Journal of Yoga 2(1):39-43 DOI 10.4103/0973-6131.53860.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. 2012. Effect of physical
inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and
life expectancy. The Lancet 380(9838):219-229 DOI 10.1016/S0140-6736(12)61031-9.

Leggett C, Irwin M, Griffith J, Xue L, Fradette K. 2012. Factors associated with physical activity
among Canadian high school students. International Journal of Public Health 57(2):315-324
DOI 10.1007/s00038-011-0306-0.

Llorente-Cantarero FJ, Aguilar-Gomez FJ, Anguita-Ruiz A, Rupérez Al, Vazquez-Cobela R,
Flores-Rojas K, Aguilera CM, Gonzalez-Gil EM, Gil-Campos M, Bueno-Lozano G, Leis R.
2020. Changes in physical activity patterns from childhood to adolescence: genobox longitudinal

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 17/20


https://www.un.org/development/desa/dpad/publication/un-desa-policy-brief-no-153-india-overtakes-china-as-the-worlds-most-populous-country/
https://www.un.org/development/desa/dpad/publication/un-desa-policy-brief-no-153-india-overtakes-china-as-the-worlds-most-populous-country/
https://www.un.org/development/desa/dpad/publication/un-desa-policy-brief-no-153-india-overtakes-china-as-the-worlds-most-populous-country/
https://www.himalayanyogainstitute.com/9-yogic-breathing-practices-mind-body-balance-healing/
https://www.himalayanyogainstitute.com/9-yogic-breathing-practices-mind-body-balance-healing/
http://dx.doi.org/10.3390/ijerph18063147
http://dx.doi.org/10.1139/apnm-2019-0793
http://dx.doi.org/10.1249/MSS.0b013e3181edefaa
http://dx.doi.org/10.1002/nop2.733
http://dx.doi.org/10.3934/publichealth.2022016
http://dx.doi.org/10.1123/jpah.2023-0182
http://dx.doi.org/10.2196/21155
http://dx.doi.org/10.1016/j.healthplace.2020.102453
http://dx.doi.org/10.4103/0973-6131.53860
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://dx.doi.org/10.1007/s00038-011-0306-0
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

study. International Journal of Environmental Research and Public Health 17(19):7227
DOI 10.3390/ijerph17197227.

Mandanmohan, Jatiya L, Udupa K, Bhavanani AB. 2003. Effect of yoga training on handgrip,
respiratory pressures and pulmonary function. Indian Journal of Physiology and Pharmacology
47(4):387-392.

Mathisen FKS, Torsheim T, Falco C, Wold B. 2023. Leisure-time physical activity trajectories
from adolescence to adulthood in relation to several activity domains: a 27-year longitudinal
study. International Journal of Behavioral Nutrition and Physical Activity 20(1):27
DOI 10.1186/s12966-023-01430-4.

Mathur P, Kulothungan V, Leburu S, Krishnan A, Chaturvedi HK, Salve HR, Amarchand R,
Nongkynrih B, Ganeshkumar P, Urs K S V, Laxmaiah A, Boruah M, Kumar S, Patro BK,
Raghav PR, Rajkumar P, Sarma PS, Sharma R, Tambe M, Arlappa N, Mahanta TG,
Bhuyan PJ, Joshi RP, Pakhare A, Galhotra A, Kumar D, Behera BK, Topno RK, Gupta MK,
Rustagi N, Trivedi AV, Thankappan KR, Gupta S, Garg S, Shelke SC. 2021. Baseline risk
factor prevalence among adolescents aged 15-17 years old: findings from national
non-communicable disease monitoring survey (NNMS) of India. BM] Open 11(6):e044066
DOI 10.1136/bmjopen-2020-044066.

Ministry of Youth Affairs and Sports. 2020. Fit India - Be fit [Internet]. Fit India. Available at
https://fitindia.gov.in/ (accessed 24 May 2024).

Mishra AS, Sk R, Hs V, Nagarathna R, Anand A, Bhutani H, Sivapuram MS, Singh A,
Nagendra HR. 2020. Knowledge, attitude, and practice of yoga in rural and urban India, KAPY
2017: a nationwide cluster sample survey. MediciNes. 7(2). Available at https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC7168227/ (accessed 17 Jan 2024).

Natesan A, Nimbal VC, Ivey SL, Wang EJ, Madsen KA, Palaniappan LP. 2015. Engaging South
Asian women with type 2 diabetes in a culturally relevant exercise intervention: a randomized
controlled trial. BMJ Open Diabetes Research & Care 3(1):000126
DOI 10.1136/bmjdrc-2015-000126.

Newcombe S. 2017. The Revival of Yoga in Contemporary India. In: Oxford Research Encyclopedia
of Religion. Available at https://oxfordre.com/religion/display/10.1093/acrefore/9780199340378.
001.0001/acrefore-9780199340378-e-253 (accessed 19 May 2024).

Ng K, Himyléd R, Tynjidld J, Villberg J, Tammelin T, Kannas L, Kokko S. 2019. Test-retest
reliability of adolescents’ self-reported physical activity item in two consecutive surveys. Archives
of Public Health 77(1):9 DOI 10.1186/s13690-019-0335-3.

Participaction. 2022. Children and youth: ages 5-17-participaction. Available at https://www.
participaction.com/the-science/benefits-and-guidelines/children-and-youth-age-5-to-17/
(accessed 1 May 2023).

Patel RM, Misra R, Raj S, Balasubramanyam A. 2017. Effectiveness of a group-based culturally
tailored lifestyle intervention program on changes in risk factors for type 2 diabetes among Asian
Indians in the United States. Journal of Diabetes Research 2017:e2751980
DOI 10.1155/2017/2751980.

Raghuraj P, Telles S. 1997. Muscle power, dexterity skill and visual perception in community
home girls trained in yoga or sports and in regular school girls. Indian Journal of Physiology and
Pharmacology 41(4):409-415.

Raskind IG, Patil SS, Tandon N, Thummalapally S, Kramer MR, Cunningham SA. 2020.
Household chores or play outdoors? The intersecting influence of gender and school type on
physical activity among Indian adolescents. Health Education ¢ Behavior 47(5):682-691
DOI 10.1177/1090198120931040.

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 18/20


http://dx.doi.org/10.3390/ijerph17197227
http://dx.doi.org/10.1186/s12966-023-01430-4
http://dx.doi.org/10.1136/bmjopen-2020-044066
https://fitindia.gov.in/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7168227/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7168227/
http://dx.doi.org/10.1136/bmjdrc-2015-000126
https://oxfordre.com/religion/display/10.1093/acrefore/9780199340378.001.0001/acrefore-9780199340378-e-253
https://oxfordre.com/religion/display/10.1093/acrefore/9780199340378.001.0001/acrefore-9780199340378-e-253
http://dx.doi.org/10.1186/s13690-019-0335-3
https://www.participaction.com/the-science/benefits-and-guidelines/children-and-youth-age-5-to-17/
https://www.participaction.com/the-science/benefits-and-guidelines/children-and-youth-age-5-to-17/
http://dx.doi.org/10.1155/2017/2751980
http://dx.doi.org/10.1177/1090198120931040
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

R Core Team. 2021. R: a language and environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing. Available at https://www.R-project.org/.

Sallis JF, Prochaska JJ, Taylor WC. 2000. A review of correlates of physical activity of children and
adolescents. Medicine ¢ Science in Sports & Exercise 32(5):963-975
DOI 10.1097/00005768-200005000-00014.

Santos AC, Willumsen J, Meheus F, Ilbawi A, Bull FC. 2023. The cost of inaction on physical
inactivity to public health-care systems: a population-attributable fraction analysis. The Lancet
Global Health 11(1):e32-e39 DOI 10.1016/S2214-109X(22)00464-8.

Sciubba JD. 2023. What India becoming the world’s most populous country means. Available at
https://www.csis.org/analysis/what-india-becoming-worlds-most-populous-country-means
(accessed 28 April 2023).

Sengupta P. 2012. Health impacts of yoga and pranayama: a state-of-the-art review. International
Journal of Preventive Medicine 3(7):444-458.

Singh KP. 2018. Effect of yoga on stress and academic performance. Educational Quest-An
International Journal of Education and Applied Social Sciences 9(2):169-173
DOI 10.30954/2230-7311.

Singh S. 2022. Yoga is not just asanas, but a way of life, health news, ET HealthWorld. Economic
times health world. Available at https://health.economictimes.indiatimes.com/news/industry/
yoga-is-not-just-asanas-but-a-way-of-life/92360775 (accessed 14 July 2023).

Smith KL, Bélanger M, Chittle L, Dixon JC, Horton S, Weir PL. 2022. Does relative age influence
organized sport and unorganized physical activity participation in a cohort of adolescents?
Sports (Basel) 10(7):97 DOI 10.3390/sports10070097.

Strugnell C, Renzaho A, Ridley K, Burns C. 2014. Reliability and validity of the modified child
and adolescent physical activity and nutrition survey (CAPANS-C) questionnaire examining
potential correlates of physical activity participation among Chinese-Australian youth. BMC
Public Health 14(1):145 DOI 10.1186/1471-2458-14-145.

Taylor R. 2022. Which style of yoga is best for you? WebMD. Available at https://www.webmd.
com/balance/guide/which-style-of-yoga-is-best-for-you (accessed 29 Apr 2023).

Telles S, Sharma SKR, Yadav A, Singh N, Balkrishna A. 2014. A comparative controlled trial
comparing the effects of yoga and walking for overweight and obese adults. Medical Science
Monitor 20:894-904 DOI 10.12659/MSM.889805.

Telles S, Singh N, Bhardwaj AK, Kumar A, Balkrishna A. 2013. Effect of yoga or physical exercise
on physical, cognitive and emotional measures in children: a randomized controlled trial. Child
and Adolescent Psychiatry and Mental Health 7(1):37 DOI 10.1186/1753-2000-7-37.

Torres VN, Williams EC, Ceballos RM, Donovan DM, Ornelas IJ. 2020. Participant satisfaction
and acceptability of a culturally adapted brief intervention to reduce unhealthy alcohol use
among latino immigrant men. American Journal of Men’s Health 14(3):1557988320925652
DOI 10.1177/1557988320925652.

van Sluijs EMF, Ekelund U, Crochemore-Silva I, Guthold R, Ha A, Lubans D, Oyeyemi AL,
Ding D, Katzmarzyk PT. 2021. Physical activity behaviours in adolescence: current evidence
and opportunities for intervention. The Lancet 398(10298):429-442
DOI 10.1016/50140-6736(21)01259-9.

Vispute S, Mandlik R, Khadilkar A, Gondhalekar K, Patwardhan V, Khadilkar V. 2023.
Influence of ecoregional and lifestyle factors on growth and body composition of Indian children

and adolescents aged 9-18 years-A multicenter study. American Journal of Human Biology
35(4):23850 DOI 10.1002/ajhb.23850.

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 19/20


https://www.R-project.org/
http://dx.doi.org/10.1097/00005768-200005000-00014
http://dx.doi.org/10.1016/S2214-109X(22)00464-8
https://www.csis.org/analysis/what-india-becoming-worlds-most-populous-country-means
http://dx.doi.org/10.30954/2230-7311
https://health.economictimes.indiatimes.com/news/industry/yoga-is-not-just-asanas-but-a-way-of-life/92360775
https://health.economictimes.indiatimes.com/news/industry/yoga-is-not-just-asanas-but-a-way-of-life/92360775
http://dx.doi.org/10.3390/sports10070097
http://dx.doi.org/10.1186/1471-2458-14-145
https://www.webmd.com/balance/guide/which-style-of-yoga-is-best-for-you
https://www.webmd.com/balance/guide/which-style-of-yoga-is-best-for-you
http://dx.doi.org/10.12659/MSM.889805
http://dx.doi.org/10.1186/1753-2000-7-37
http://dx.doi.org/10.1177/1557988320925652
http://dx.doi.org/10.1016/S0140-6736(21)01259-9
http://dx.doi.org/10.1002/ajhb.23850
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

Peer/

Walker S, Kannan P, Bhawra ], Foulds H, Katapally TR. 2021. The impact of culture, identity and
intergenerational connections on indigenous youth mental health: qualitative findings from a
longitudinal digital health community trial. In review. Available at https://www.researchsquare.
com/article/rs-956256/vI (accessed 17 Jun 2022).

Warburton DER, Nicol CW, Bredin SSD. 2006. Health benefits of physical activity: the evidence.
CMAJ: Canadian Medical Association Journal 174(6):801-809 DOI 10.1503/cmaj.051351.

World Health Organization. n.d. Adolescent health. Available at https://www.who.int/health-
topics/adolescent-health (accessed 16 Jan 2023).

World Health Organization. 2002. The world health report 2002: reducing risks, promoting healthy
life. Geneva: World Health Organization.

World Health Organization. 2009. 2008-2013 action plan for the global strategy for the prevention
and control of noncommunicable diseases: prevent and control cardiovascular diseases, cancers,
chronic respiratory diseases and diabetes. Plan d’action 2008-2013 pour la stratégie mondiale de
lutte contre les maladies non transmissibles. Geneva: World Health Organization, 42.

Patel et al. (2024), PeerdJ, DOI 10.7717/peerj.17369 20/20


https://www.researchsquare.com/article/rs-956256/v1
https://www.researchsquare.com/article/rs-956256/v1
http://dx.doi.org/10.1503/cmaj.051351
https://www.who.int/health-topics/adolescent-health
https://www.who.int/health-topics/adolescent-health
http://dx.doi.org/10.7717/peerj.17369
https://peerj.com/

	Association between yoga and related contextual factors with moderate-to-vigorous physical activity among children and youth aged 5 to 17 years across five Indian states ...
	Introduction
	Materials and Methods
	Measures
	Results
	Discussion
	Strengths and limitations
	Conclusions
	flink8
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


