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Abstract

This study evaluated the feasibility of remotely delivered yoga for improving four physical 

activity-related skills: motor skills, strength, balance, and flexibility in adolescents with autism 

spectrum disorder (ASD). Nineteen of 20 participants enrolled (age 13.2 ± 2.2 years; 60% male) 

completed the 12-week intervention and attended 83% of the scheduled yoga sessions. Overall, 

physical activity-related skills improved pre to post intervention (Φ = 0.90, p = 0.005, 95% CI 

0.72–1.0). Specifically, significant increases in leg strength (12.5%, p = 0.039), flexibility (40.3%, 

p = 0.008), and dynamic balance on the right (11.1%, p = 0.001) and left legs (8.1%, p = 

0.003) were observed across 12 weeks. These results demonstrate the feasibility and potential 

effectiveness of yoga to improve physical activity-related skills in adolescents with ASD.
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Adolescents with autism spectrum disorder (ASD) engage in less physical activity (PA) 

and are at an increased risk of obesity and weight-related comorbidities compared to 

their typically developing peers (Must et al., 2014). Studies suggest that participation in 

moderate-to-vigorous physical activity (MVPA) enhances health; decreases body mass index 

(BMI); and improves social functioning, locomotor skills, muscular strength, and endurance 

(Healy et al., 2018; Pitetti et al., 2007; Sorensen & Zarrett, 2014). Additionally, between 

60 and 85% of adolescents with ASD have motor impairments which are characterized by 
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a notable loss of motor function and may include deviations from the norm in static and 

dynamic balance, motor planning and coordination, and fine motor problems in precision 

and integration (e.g., poor hand dexterity) (Bhat, 2020; Dewey et al., 2007; Manjiviona & 

Prior, 1995). The motor impairment can become a motor deficit if the problem is untreated 

or does not resolve on its own (Bhat et al., 2022).

Improving gross motor function at an early age can have a positive effect on MVPA in 

boys and girls (Logan et al., 2015). Studies in typically developing children found that both 

motor (e.g., running speed, balance) and object control (e.g., catching and throwing a ball) 

proficiency (Barnett et al., 2009; Wrotniak et al., 2006) were positively associated with 

MVPA. However, the association between MVPA and motor function is underexplored in 

adolescents with intellectual and developmental disabilities. A recent non-powered pilot 

trial demonstrated that improved locomotor skills in response to a 10-week, 1-h/week 

community-based PA intervention focused on gross motor function were significantly (p 

= 0.04) associated with increases in MVPA in 24 children with intellectual disabilities age 

4–13 years (Ketcheson et al., 2021).

Diminished physical strength, hypotonia, impaired balance and coordination, and poor 

motor skill development associated with ASD may discourage adolescents with ASD from 

participating in regular PA (Serdarevic et al., 2017). Additionally, physical limitations, 

exacerbated by the behavioral and social issues common with ASD, create complex 

and multifactorial barriers that can negatively affect participation in regular PA (Must 

et al., 2015). These may include child-level (e.g., behavior problems, low PA self-

efficacy), family-level (e.g., time constraints, lacking transportation or social support), 

and community-level (e.g., no access to facilities and programs) barriers. Interventions 

designed to improve motor skills, strength, and balance that also address these challenges 

may increase the likelihood of participation in PA and reduce the risk for comorbidities 

associated with low PA (Stanish et al., 2016).

Technology, including computers and tablets, has been used to teach academic subjects and 

improve social and life skills in individuals with ASD across the age spectrum (Ayres & 

Cihak, 2010; Kagohara et al., 2013; Ramdoss et al., 2012). Specifically, synchronous (i.e., 

real-time) video delivery has been successful in teaching social, communication, and daily 

living skills (Qi et al., 2018). Video delivery may also address social and emotional barriers 

to PA as well as a lack of transportation or access to exercise facilities or PA programs. It 

could also offer adolescents with ASD an opportunity to learn and imitate the PA-related 

behaviors or tasks presented better than conventional in-person PA programs delivered in 

environments that may be associated with sensory, emotional, or social overstimulation. 

Additionally, video delivery in a group format provides an opportunity for interaction 

and social support from other participants and the instructor (Must et al., 2015). Our 

investigative team has successfully delivered a PA intervention using a group remote 

video approach (Zoom™ on an iPad®) designed to increase daily steps and improve PA 

self-efficacy and enjoyment in adolescents with ASD and intellectual disabilities (Ptomey 

et al., 2017a), which suggests the potential for using group video for delivery of yoga to 

adolescents with ASD in this trial.
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Yoga has several empirically-established benefits including increased flexibility, balance, 

coordination, and muscular strength—all necessary physical components associated with 

participation in sports and daily physical activity (Ross & Thomas, 2010). Yoga may 

also positively influence certain behavioral outcomes such as abhorrent/off-task behaviors, 

imitation, social skills, and speech and language skills (Radhakrishna, 2010). We are 

unaware of previous research which has evaluated the impact of yoga on any of these 

parameters in adolescents with ASD. However, evidence from a limited number of 

interventions (8–12 weeks) in samples which have included both children and adolescents 

with ASD (age range 5–13 years) delivered one-on-one (Kaur & Bhat, 2019) or in a group 

format to children attending a specific school for children with ASD (Shanker & Pradhan, 

2022) suggests that participation in yoga has a positive impact on gross motor performance. 

Based on these previous results, we conducted a 12-week pilot trial to specifically evaluate 

the feasibility and effectiveness of a remotely delivered yoga intervention designed to impact 

physical factors that may be related to participation in MVPA in adolescents with ASD 

including motor skills, strength, balance, and flexibility.

Methods

Overview

This 12-week pilot study in 20 adolescents with ASD was conducted in the Kansas City 

Metropolitan Area. This study was approved by the Institutional Review Board at The 

University of Kansas Medical Center. Parent or legal guardian consent and adolescent assent 

were obtained prior to data collection.

Participants

Inclusion/Exclusion Criteria—Inclusion: Physician confirmed diagnosis of ASD, 

physician consent to participate in the intervention, age 11–17 years, living at home with 

a parent or guardian, access to wireless internet in the home, and currently participating 

in < 90 min/week of structured PA. Exclusion: Currently pregnant or planning to become 

pregnant, planning to move from the area during the 12-week intervention period, or not 

interested or unable to participate in yoga.

Recruitment Strategy—Participants were recruited via social media, contact with local 

community programs/agencies serving adolescents with ASD, an autism clinic at a nearby 

children’s hospital, and a registry of participants from our previous studies in individuals 

with intellectual and developmental disabilities who expressed interest in being contacted 

regarding participation in future trials (Donnelly et al., 2016; Ptomey et al., 2019, 2021). 

Participants were recruited in 3 cohorts: October 2020 (n = 9), March 2021 (n = 5), and 

April 2021 (n = 6).

Yoga Intervention

Delivery—The yoga intervention was delivered to groups of adolescents with ASD (4–6 

per group) in their home remotely using Zoom™ video conferencing software (Zoom™ 

Inc., San Jose, CA) on an iPad® (Apple iPad® 7th Generation 10.2) provided by the study. 

Adolescents participated in the study at home with a parent or guardian present during 
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Zoom™ classes. Thirty-minute yoga sessions were delivered 3 times per week across the 

12-week intervention and were scheduled, generally in the late afternoon or early evening, 

based on the collective availability of the participants and instructor. Participants received a 

Zoom™ call from the instructor 5 min before the start of class, but were also provided the 

meeting number on the iPad and by email in case they missed the call.

Equipment—In addition to the iPad® provided for the study, participants received yoga 

mats, blocks, and straps to use during the yoga sessions. Participants were asked to return 

the iPad® but were allowed to keep the yoga mats, blocks, and straps as an incentive and to 

encourage participants to continue practicing yoga after study completion.

Content—All Ashtanga Vinyasa yoga classes were led by the same Registered Yoga 

Teacher (RYT-200) who completed 200 h of training through a school registered with the 

Yoga Alliance. In addition to the RYT-200 training, the yoga instructor also had five years 

of experience teaching yoga and delivering exercise interventions to special populations. 

Ashtanga Vinyasa yoga focuses on smoothly transitioning through a series of poses and 

pairing breathing techniques with specific sequences. Sessions began with basic poses (e.g., 

mountain pose progressing into tree pose) and progressed to intermediate (e.g., Warrior I 

and Warrior II poses) and advanced poses (e.g., Reverse Warrior and Warrior III) across the 

intervention. Classes became increasingly more challenging as weeks progressed; however, 

participants were frequently able to practice both basic and intermediate poses. To make 

the program accessible for participants lacking adequate strength, balance, flexibility, or 

proprioception to complete the intermediate or advanced poses, the yoga teacher modified 

the poses or encouraged the use of yoga blocks to extend the arms or support the back, head, 

or hips during a pose. All yoga sessions were recorded with the videos placed on Dropbox™. 

Participants were encouraged to view the Dropbox™ recordings of missed real-time sessions 

and to use the recordings to review and practice poses on their own.

Outcomes

Overview—Participants reported to our exercise laboratory for a 60-min testing 

appointment at baseline and within 7 days after completing the 12-week intervention. 

Outcomes included anthropometrics, motor skills, strength, balance, and flexibility. 

Participants received $25 each ($50 total) for the completion of the baseline and 12-week 

outcome assessments.

Feasibility—Feasibility was assessed using weekly attendance expressed as the mean 

percentage of the three sessions that an adolescent was present averaged over the 12-week 

intervention. Being present was defined as attending and completing the entire 30-min yoga 

session. The intervention was considered feasible if the adolescents attended ≥ 75% of the 

remotely delivered yoga sessions. The percentage of participants viewing the Dropbox™ 

videos and the average number of weekly views was also considered and reported as an 

indicator of feasibility.

Anthropometrics (Height, Weight, and Waist Circumference)—Standing height 

was measured to the nearest centimeter using a portable stadiometer (Model #IP0955, 
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Invicta Plastics Limited, Leicester, UK). Weight was assessed to the nearest 0.1 kg using 

a calibrated scale (Model #PS660, Belfour, Saukville, WI). BMI was calculated as weight 

in kilograms divided by height in meters squared (kg/m2). BMI percentile (BMI %ile) was 

calculated using the Centers for Disease Control and Prevention’s BMI Percentile Data 

Files with LMS Values (Growth Charts—Percentile Data Files with LMS Values, 2019). 

The LMS parameters are the power in the Box-Cox transformation (L), median (M), and 

generalized coefficient of variation (S). Waist circumference was measured in centimeters at 

the narrowest part of the torso above the umbilicus and below the xiphoid process (Lohman 

et al., 1988).

Motor Skills—Motor skills were evaluated using the motor quotient from the Test of Gross 

Motor Development—Second Edition (TGM-2). This assessment measures gross motor 

development across locomotor (i.e., run, gallop, hop, leap, horizontal jump, and slide) and 

object control skills (i.e., striking a stationary ball, stationary dribble, catch, kick, overhead 

throw, and underhand roll). Composite locomotor standard and sex-specific object control 

standard scores were used to calculate the motor quotient (Ulrich, 2000).

Muscular Strength—Lower body (leg press) strength was determined using a standard 

5-repetition maximum protocol (Reynolds et al., 2006) on a Cybex plate-loaded leg 

press machine (Life Fitness, Franklin Park, IL). Grip strength of the dominant and non-

dominant hands was measured in triplicate using a Jamar Plus Electronic hand dynamometer 

(Patterson Medical, Warrenville, IL) with the average of the 3 measures used in the analysis.

Static Balance—Static balance was measured using the Stork Balance Test (SBT) 

(Johnson & Nelson, 1979). Participants, without shoes and with their eyes open, were asked 

to lift one leg to their medial proximal tibia while elevating the heel of their standing foot. 

The test was terminated if participants were unable to maintain this pose without losing their 

balance, held onto any structure for assistance in maintaining their balance, or dropped their 

standing heel to the floor. The length of time in seconds for the best of three trials for each 

leg was recorded and used in the analysis.

Dynamic Balance—Dynamic balance and proprioception were measured using the Star 

Excursion Balance Test (SEBT). Four strips of masking tape were placed 45 degrees 

apart on the floor to form an 8-pointed star. Participants, without shoes, were asked to 

stand on one foot in the center of the star and reach their other foot in eight different 

directions (i.e., anterior, anteromedial, anterolateral, lateral, medial, posterior, posteromedial, 

and posterolateral) without losing their balance or using the reaching foot to support their 

body weight. Participants had a single practice trial before completing 3 trials per leg. 

Participants who were unable to maintain balance on their stance foot or moved their stance 

foot from the center of the star were asked to repeat the trial. Final standardized scores 

were calculated by adjusting the average distance reached from the center of the star (cm) 

across all 8 orientations over the 3 trials by the leg length for the side being measured and 

expressing the score as a percentage of each leg length (Plisky et al., 2009; Powden et al., 

2019). Leg length (cm) was measured from the anterior superior iliac spine to the medial 

malleolus as described by Plisky et al. (2009).
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Flexibility—Flexibility of the hamstrings and lumbar musculature was assessed using the 

Sit and Reach Test (Wells & Dillon, 1952). A standard cloth measuring tape was secured 

to the floor. Participants sat with their legs outstretched on either side of the tape with their 

feet (in dorsiflexion) at the 38.1 cm mark and were asked to reach as far forward as possible 

and maintain the stretched position for a minimum of two seconds. The position of the 

fingertip along the tape, best of three trials, was recorded and used in the analysis. Positive 

and negative scores indicated that participants were able to reach past or not reach past their 

feet, respectively.

Physical Activity and Sedentary Time—Physical activity and sedentary time were 

evaluated using the ActiGraph wGT3X-BT tri-axial accelerometer (ActiGraph LLC, 

Pensacola, FL). Participants were provided with the accelerometer at their testing 

appointments and asked to wear the accelerometer on a belt over the anterior axillary 

line of their non-dominant hip for 7 consecutive days. Instruction on correct positioning 

and orientation of the accelerometer and a pre-stamped addressed envelope to return the 

accelerometer to the investigators were provided to participants during their testing visits. 

Data were collected at 60 Hz and vertical axis activity counts were aggregated over 60-s 

epochs. Wear time was determined using the Choi algorithm (Choi et al., 2011) and a 

minimum wear time of four 8-h days, including a Friday or a weekend day, was required for 

inclusion in the analysis. Daily minutes of sedentary (≤ 1.5 metabolic equivalents; METs), 

light (1.6 to < 4 METs), and MVPA (≥ 4 METs) were estimated using the Freedson age-

specific ActiGraph cut-points (Freedson et al., 1998, 2005). We also assessed the percentage 

of participants who achieved the recommended 60 min of MVPA each day (Piercy et al., 

2018).

Statistical Analysis

We used mean ± standard deviation or frequency (percentage) to report sample 

characteristics and changes in motor skills, strength, balance, and flexibility from baseline 

to 12 weeks. Wilcoxon rank sum or Fisher’s exact tests were used to evaluate baseline sex 

differences in demographics (i.e., age, race/ethnicity, parent-reported PA), anthropometrics 

(i.e., height, weight, BMI, BMI %ile, and waist circumference), and accelerometer measured 

PA. We analyzed the primary outcomes (i.e., changes in motor skills, strength, balance, 

and flexibility across 12 weeks) using the prediction test (Montgomery & Mahnken, 2020), 

which is a recently developed global hypothesis test designed to aid in decision making 

regarding the efficacy of early-stage interventions (e.g., pilot trials). This test relies on a 

priori predictions regarding the expected direction of the pre-post change in each outcome 

of interest assuming that the intervention is effective to estimate Φ, a measure of how 

well the predictions match the actual results ranging from 0 (no predictions were correct) 

to 1 (all predictions were correct). For this trial, we predicted pre-to-post intervention 

improvement in each of our primary outcomes. The null hypothesis (Φ = 0.50) is that the 

investigators are no better at predicting the direction of change than chance alone. Rejection 

of the null hypothesis indicates that the observed results are more consistent with the 

hypothesized effects than would be expected if the intervention was ineffective. Advantages 

of the prediction test over comparable approaches (e.g., O’Brien’s OLS test, Hotelling’s 

T2 test, or the Bonferroni adjustment) to address multiplicity include the ability to account 
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for missing data and combine information across endpoints while adjusting for correlations 

between endpoints, greater power with an increasing number of endpoints within a fixed 

sample size, and the ability to incorporate one-sided hypotheses that are not in a uniform 

direction into a single global test.

We also conducted post-hoc analyses using a Wilcoxon signed rank test to assess pre-post 

intervention changes in all outcomes. Spearman correlations were used to evaluate the 

association between each outcome and MVPA before the 12-week yoga intervention as well 

as the association between the change in outcomes and change in MVPA across 12 weeks. 

All analyses were completed using R version 4.1.2 (R Core Team, 2021).

Results

Twenty participants (age: 13.2 ± 2.2 years; 60% male; 85% non-Hispanic white) enrolled 

and 19 participants (95%) completed the 12-week intervention. There were no significant 

differences between males and females in any of the baseline characteristics (Table 1). 

Participants attended 83 ± 26% (range 58–100%) of the 3 weekly sessions with similar 

attendance for females (84 ± 26%) and males (82 ± 26%). Twelve participants attended 

> 80% of the scheduled sessions. Six participants (30%) viewed the Dropbox™ videos 34 

times across the 12-week yoga intervention (2.4 ± 1.1 views/week).

Results for change in motor skills, strength, flexibility, and balance across the 12-week 

intervention are presented in Table 2 and Fig. 1. The pre-post intervention changes in 9 of 

11 outcomes assessing motor skill, strength, flexibility, and balance were in the predicted 

direction. Results from the prediction test supported our primary hypothesis that the 12-

week yoga intervention would improve physical function outcomes (n = 19; p = 0.005, Φ 
= 0.90, 95% CI 0.72–1.0). Post hoc analyses indicated significant increases in leg strength 

(12.5%, p = 0.039), flexibility (40.3%, p = 0.008), and dynamic balance on the right (11.1%, 

p = 0.001) and left legs (8.1%, p = 0.003) across the 12-week intervention. The changes in 

all other variables assessed were not statistically significant.

Eighty-five (n = 17) and 58% (n = 11) percent of participants provided valid accelerometer 

data at baseline and 12 weeks, respectively. Fifty percent (n = 10) of participants provided 

valid accelerometer data at both baseline and 12 weeks. Sedentary time was essentially 

unchanged from baseline (507 ± 85 min/day) to 12-weeks (500 ± 112 min/day) while light 

PA decreased from 240 ± 78 min/day to 226 ± 88 min/day and MVPA decreased from 19 ± 

15 min/day to 7 ± 7 min/day pre-to-post intervention. No participants met the recommended 

level of MVPA (60 min/day) at either baseline or 12 weeks. We found positive correlations 

between baseline locomotor motor skills and MVPA (n = 17, rho: 0.62, p = 0.01). We did 

not calculate correlations between the change in physical factors and change in MVPA that 

were planned as data for both physical factors and MVPA at both baseline and 12 weeks 

were available for < 50% of our sample.
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Discussion

Our study demonstrated that a group-based yoga intervention delivered by video was both 

feasible and potentially effective in improving motor skills, strength, balance, and flexibility 

in adolescents with ASD.

Feasibility

Ninety-five percent of participants completed the 12-week trial and attended 83% of 

the scheduled yoga sessions which exceeded the 75% attendance rate we established 

to demonstrate the feasibility of the remotely delivered yoga intervention. Our observed 

attendance rate (83%) was ~ 12% higher than an 8-week, 4 session per week yoga 

intervention in 24 children with ASD age 5–13 years (Kaur & Bhat, 2019) and ~ 6% higher 

than in previous trials by our research team which used group-based video to remotely 

deliver PA interventions to adolescents with intellectual and developmental disabilities 

(Ptomey et al., 2017a). Although our mean attendance rate was high, there was considerable 

inter-individual variability with attendance ranging from 58 to 100%. Anecdotal evidence 

suggests that the variation in attendance in this trial may have been at least partially due to 

the fact that 25% of participants engaged in extracurricular activities which often conflicted 

with attendance at yoga sessions scheduled after school in the late afternoon or early 

evening.

Effectiveness

Results from the prediction test supported our primary hypothesis that the 12-week 

yoga intervention would improve physical function outcomes. Additionally, we observed 

significant increases in leg strength, flexibility, and dynamic balance across the 12-week 

intervention. However, no significant improvement in motor quotient, grip strength, or static 

balance were observed.

We are unaware of previous research which has evaluated the impact of a remotely delivered 

yoga intervention on physical function parameters in adolescents with ASD. However, 

evidence from a limited number of yoga interventions, predominantly delivered within 

school settings, that have included both children and adolescents with ASD and in typically 

developing children are in general agreement with the results from the current trial. For 

example, Kaur and Bhat (2019) reported increased motor performance assessed by the 

Bruininks-Oseretsky Test of Motor Proficiency—2nd edition (BOT-2) in children (n = 11, 

age 5–13 years) who completed an 8-week yoga intervention (4 sessions/week, 45 min/

session) but not in 12 children assigned to a control group who participated in sedentary 

activities such as reading, arts and crafts, etc. Shanker and Pradhan (2022) also reported 

improved performance on the BOT-2 in children attending 4 special schools for children 

with ASD who were randomized to a group-based yoga intervention (n = 23) or a non-

intervention control (n = 20). Together, the results of the available trials suggest that the 

impact of yoga on physical function parameters in children with ASD may be similar to 

those observed from short-term trials (6–16 weeks) in children with ASD (n < 20, age 

6–10 years) using other intervention strategies targeting increased physical activity (Healy 

et al., 2018) and fundamental motor skills (Healy et al., 2021). Interventions beginning at 
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an early age in children with ASD remain needed since children with ASD perform similar 

to typically developing children who are half their chronological age when matched on 

movement skill (Staples & Reid, 2010).

Results from interventions evaluating the impact of yoga on physical function parameters in 

typically developing are in general agreement with those reported in children with ASD. For 

example, school-based yoga interventions (8–12 weeks) in typically developing healthy pre-

school (Aleksić Veljković et al., 2021) and elementary school children (Donahoe-Fillmore 

& Grant, 2019; Folleto et al., 2016) have reported improved coordination (Aleksić Veljković 

et al., 2021), balance (Aleksić Veljković et al., 2021; Donahoe-Fillmore & Grant, 2019), 

and strength (Folleto et al., 2016). School-based yoga interventions (12–16 weeks) have 

also shown improved flexibility and strength in 9–16 year old (n = 83) children with visual 

impairments (Mohanty et al., 2019) and improved static balance, eye hand coordination, 

agility, and reaction time in 10–15 year old children (n = 70) with mild-to-moderate 

intellectual disabilities (Pise et al., 2018). Wurz et al. (2014) also observed improved 

functional mobility and hamstring flexibility in 8 pediatric cancer patients (age 12 years) 

who completed a 12-week community-based yoga intervention.

In agreement with the literature (Healy et al., 2019; Liang et al., 2020), baseline MVPA in 

our sample of adolescents with ASD was extremely low (19 min/day) with no participants 

achieving the 60 min/day of MVPA recommended to achieve health benefits (Piercy et al., 

2018). The observation of low baseline MVPA suggests the importance of the development 

and evaluation of intervention strategies to improve the level of MVPA in adolescents with 

ASD. We observed an ~ 63% reduction in daily MVPA from baseline to 12 weeks. This 

finding, which is contrary to our expectations, should be cautiously interpreted as only 

11 of the 19 participants (58%) completed the accelerometer protocol at 12 weeks. Poor 

compliance with waist worn accelerometer protocols in individuals with ASD and other 

intellectual disabilities has been previously reported by our research group (Ptomey et al., 

2017b, 2021) and others (Melville et al., 2011; Spanos et al., 2016). This suggests that 

additional strategies to improve compliance with widely used waist worn accelerometer 

protocols or the development of protocols and PA intensity cut-points for wrist worn 

accelerometers which may improve compliance (Fairclough et al., 2016) are worthy of 

consideration.

Strengths of our study include the use of video conferencing and a trained and experienced 

instructor to deliver the yoga intervention to groups of adolescents in their homes and the 

assessment of a variety of physical outcomes with the potential to be positively impacted 

by participation in yoga including motor skills, flexibility, strength, and static and dynamic 

balance. Limitations include the use of a single arm design, relatively small sample size (n 

= 20), short intervention duration (12 weeks), lack of assessment of ASD severity, and as 

mentioned previously, poor compliance with our accelerometer protocol for the assessment 

of MVPA.
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Conclusion

The results of our pilot trial suggest the feasibility and potential effectiveness of 

remotely delivered group-based yoga for improving physical factors that may be related 

to participation in MVPA in adolescents with ASD including motor skills, strength, 

balance, and flexibility. Our results also suggest that longer duration (e.g., ≥ 6 months), 

adequately powered randomized trials to examine the impact of remotely delivered group-

based yoga interventions on physical factors and the potential association of improvements 

in these physical outcomes with increased participation in MVPA for adolescents with 

ASD are warranted. If ultimately shown to be effective in improving physical factors and 

MVPA, group-based remotely delivered yoga interventions have tremendous potential for 

widespread implementation, dissemination, and reach with the potential to have a positive 

impact on the health and quality of life for adolescents with ASD.
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Fig. 1. 
Physical skills related to physical activity stratified by sex at baseline and 12 weeks in 

adolescents with autism spectrum disorder participating in a yoga intervention. SBT Stork 

Balance Test, SEBT Start Excursion Balance Test
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Table 1

Baseline characteristics by sex for adolescents with autism spectrum disorder participating in a yoga 

intervention

Overall samplea (n = 20) By sex

Malea (n = 12) Femalea (n = 8)

Age (years) 13.2 ± 2.2 13.3 ± 2.4 13.0 ± 1.9

Non-Hispanic White 17 (85%) 10 (83%) 7 (88%)

Parent report

 PA ≥ 60 min (days/week) 1.3 ± 1.7 1.1 ± 1.5 1.6 ± 1.9

 TV ≥ 2 h/day 9 (45%) 5 (42%) 4 (50%)

 Video games ≥ 2 h/day 14 (70%) 9 (75%) 5 (62%)

 PE class (days/week) 1.7 ± 1.9 1.2 ± 1.4 2.5 ± 2.2

 Play on a sports team 5 (25%) 2 (17%) 3 (38%)

Anthropometrics

 Weight (kg) 57.9 ± 15.7 62.6 ± 17.2 50.9 ± 10.2

 Height (cm) 156.3 ± 9.7 157.5 ± 10.1 154.6 ± 9.4

 BMI (kg/m2) 23.6 ± 5.8 25.1 ± 6.1 21.5 ± 4.8

 BMI percentile 69.7 ± 31.9 75.4 ± 28.8 61.3 ± 36.3

 Waist (cm) 76.8 ± 13.5 81.0 ± 13.9 70.5 ± 10.5

Physical activityb

 Sedentary time (min/day) 506.7 ± 84.6 515.0 ± 69.6 491.4 ± 113.1

 Light activity (min/day) 240.4 ± 78.2 234.1 ± 77.3 251.8 ± 85.9

 MVPA (min/day) 18.6 ± 14.9 15.0 ± 12.3 25.2 ± 18.0

PE Physical Education

a
Mean ± Standard Deviation or n (%); No statistical differences between males and females (all p > 0.1) using Wilcoxon Rank Sum or Fisher’s 

exact test

b
Sample size is 17 for physical activity after exclusion of invalid wear time; MVPA (Moderate to Vigorous Physical Activity)
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Table 2

Changes in motor skills, strength, flexibility, and balance for adolescents with autism spectrum disorder 

participating in the yoga intervention

Baseline N = 20a 12-weeks N = 19a Difference (% Change) p-value*

Motor skillsb

 Locomotor standard score 9.0 ± 3.4 9.7 ± 3.7 0.7 (7.8%) 0.138

 Object control standard score 7.5 ± 3.7 7.8 ± 4.2 0.3 (4.0%) 0.249

 Motor quotient 89.5 ± 19.6 92.4 ± 21.3 2.9 (3.2%) 0.153

Strengthb

 Leg press 5 RM 64.9 ± 21.0 73.0 ± 14.3 8.1 (12.5%) 0.039

 Dominant grip strength 21.2 ± 6.6 21.8 ± 6.8 0.6 (2.8%) 0.284

 Non-dominant grip strength 20.2 ± 6.9 20.8 ± 7.0 0.6 (3.0%) 0.245

Flexibilityb

 Sit & reach − 6.7 ± 10.9 − 4.0 ± 11.5 2.7 (40.3%) 0.008

Balanceb

 Right SBT 4.3 ± 4.0 4.3 ± 3.1 0.0 (0.0%) 0.517

 Left SBT 3.6 ± 3.2 3.5 ± 2.4 − 0.1 (− 2.8%) 0.483

 Right SEBT 77.6 ± 15.9 86.2 ± 14.7 8.6 (11.1%) 0.001

 Left SEBT 77.5 ± 15.2 83.8 ± 15.5 6.4 (8.1%) 0.003

*
Unadjusted one-sided Wilcoxon signed rank (alternative hypothesis of greater values after yoga)

a
Mean ± Standard Deviation

b
Motor skill assessment outcomes are unitless; Lower and upper body strength measured in kilograms; Sit & Reach test for flexibility measured in 

centimeters; SBT measured in seconds; SEBT standardized as a percentage of leg length
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