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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is a chronic develop-
mental disorder with a high prevalence in children and the long-term nature of treat-
ment. Although the use of yoga as a non-pharmacologic treatment is increasing in the
ADHD population, the conclusion of its effectiveness in treating symptoms in children
with ADHD remains to be explored.

Objective: The primary goal of this meta-analysis was to systematically summarize
and analyze the efficiency of yoga in treating symptoms such as attention problems,
emotional problems, and behavioral control in children with ADHD, as well as to
serve as a guide for further studies and therapeutic procedures in the management of
ADHD in children.

Materials and methods: This study was conducted using the Cochrane Handbook
and the PRISMA Guidelines Statement for Systematic Reviews. A total of five data-
bases, PubMed, Embase, Cochrane, Web of Science, and Ovid, were searched up to
December 2024. Excel was utilized for data extraction, and Review Manager was used
for data processing, analysis, and literature quality evaluation.

Results: In all, nine publications were enrolled in the study, and 285 participants—
142 in the experimental group and 143 in the control group—met the inclusion re-
quirements. The intervention lasted between 2 and 20 weeks, and all study participants
were between the ages of 3 and 15. The outcome metrics consisted of measures of five
ADHD-related symptoms: inattention, sustained attention, hyperactivity/impulsivity,
emotional instability, and anxiety.

Conclusion: The intervention of yoga had an ameliorative effect on several symptoms
of inattention, sustained attention, emotional instability, and hyperactivity/impulsivity
in children with ADHD, but not statistically significant on anxiety symptoms.

Keywords: Effect, Yoga, ADHD, Children

1 Introduction

ADHD is a neurodevelopmental illness that mostly affects children and is charac-
terized by emotional impulsivity, hyperactivity, and a difficulty to maintain focus!.
Epidemiological surveys indicate that up to 8% of children and adolescents globally
have ADHD, a significant prevalence that has drawn attention from all around the
world2. ADHD can severely affect children's memory, attention, emotion regulation,
and response inhibition, and poses a significant challenge to their academic perfor-

1. American Psychiatric Association D, American Psychiatric Association D S. Diagnostic and
statistical manual of mental disorders: DSM-5[M]. Washington, DC: American Psychiatric

Association, 2013.

2. Ayano G, Demelash S, Gizachew Y, et al. The global prevalence of attention deficit hyper-
activity disorder in children and adolescents: an umbrella review of meta-analyses[J]. Journal

of Affective Disorders, 2023, 339: 860-866.
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mance, social skills, and emotional stability34. Children with ADHD often have diffi-
culty integrating into society and building relationships, and academic performance is
often affected by procrastination and inattention>. Due to the long-term and chronic
nature of the effects of ADHD, the symptoms usually persist into adulthood. This not
only causes distress to the patients themselves but also imposes a heavy financial and
psychological burden on families. Studies have shown that the financial cost of raising
a child with ADHD can be five times that of an average child¢. Therefore, exploring
treatment options with lower costs and longer-lasting effects has become a focus of
academic research.

Current treatments for ADHD symptoms include both pharmacologic and non-
pharmacologic options. Medication often uses psychostimulant drugs such as
methylphenidate or amphetamines to improve ADHD symptoms, and is currently the
most common and effective treatment for ADHD7:8. However, overuse of drugs can
result in adverse consequences like migraine, appetite loss, and insomnia, which can
significantly disrupt children's everyday lives and impair their normal development®.
Given this situation, non-pharmacological treatment has become an adjunctive treat-
ment for ADHD disorders due to its advantages of low treatment cost and low side
effects!0. The benefits of physical activity in treating children with ADHD have been
demonstrated by numerous studies. Montalva-Valenzuela et al. (2022) showed that

3. Fried R, Chan J, Feinberg L, et al. Clinical correlates of working memory deficits in youth
with and without ADHD: a controlled study[J]. Journal of clinical and experimental neu-
ropsychology, 2016, 38(5): 487-496.

4. Anastopoulos A D, Smith T F, Garrett M E, et al. Self-regulation of emotion, functional im-
pairment, and comorbidity among children with AD/HD[J]. Journal of Attention Disorders,
2011, 15(7): 583-592.

5. Thomas E M, Freeman T P, Poplutz P, et al. Stimulating meditation: a pre-registered ran-
domized controlled experiment combining a single dose of the cognitive enhancer, modafinil,
with brief mindfulness training[J]. Journal of Psychopharmacology, 2021, 35(6): 621-630.

6. Zhao X, Page T F, Altszuler A R, et al. The family burden of raising a child with ADHD[J].
Journal of Abnormal Child Psychology, 2019, 47: 1327-1338.

7. Caye A, Swanson JM, Coghill D, Rohde LA (2019) Treatment strategies for ADHD: an evi-
dence-based guide to select the optimal treatment. Mol Psychiatry 24(3 ):390-408.

8. Danielson ML, Visser SN, Chronis-Tuscano A, DuPaul GJ (2018) A national description of
treatment among United States children and adolescents with attention-deficit/hyperactivity
disorder. j Pediatr 192:240-246.

9. Drechsler R, Brem S, Brandeis D, Griinblatt E, Berger G, Walitza S: ADHD: current con-
cepts and treatments in children and adolescents. neuropediatrics. . 2020, 51:315-35.

10, Vancampfort D, Stubbs B, Van Damme T, et al. The efficacy of meditation-based mind-
body interventions for mental disorders: a meta-review of 17 meta-analyses of randomized

controlled trials[J]. Journal of psychiatric research, 2021, 134: 181-191.
3



physical activity or exercise improves executive functioning in children with ADHD
primarily through aerobic physical activity and that 20 minutes of exercise per day can
alleviate symptoms associated with ADHD in children with ADHD!!. Furthermore, as
supplemental therapy for kids with ADHD, the American Academy of Pediatrics sug-
gests cognitive-behavioral, mental, and physical therapies (such as mindfulness, medi-
tation, etc.)!2. Zylowska et al. (2008) showed that mindfulness training can improve
behavioral and neurocognitive deficits in patients with ADHD, alleviate symptoms
such as anxiety, depression, and inattention, and is a feasible intervention!3.

In recent years, yoga as a chronic mind-body exercise has also been recognized
as a prospective therapy for people with ADHD!4. Yoga has shown positive effects on
mental and physical states and has been shown to reduce stress in both clinical and
non-clinical settings!5. Additionally, research has documented the benefits of yoga
practice on core areas related to ADHD such as self-regulation, attention, executive
functioning, and emotional control!6.17.18_ All of these reported psychiatric symptoms
are relevant to ADHD patients and provide theoretical support for yoga treatment of
ADHD disorders. Although this part of the research is still in its early stages, studies
on the possible advantages of using yoga exercises in the treatment of clinical patients

11, Montalva-Valenzuela F, Andrades-Ramirez O, Castillo-Paredes A. Effects of physical ac-
tivity, exercise and sport on executive function in young people with attention deficit hyperac-
tivity disorder: a systematic review[J]. European journal of investigation in health, psycholo-
gy and education, 2022, 12(1).

12, Wolraich M L, Hagan J F, Allan C, et al. Clinical practice guidelines for the diagnosis,
evaluation, and treatment of attention-deficit/hyperactivity disorder in children and adoles-
cents[J]. Pediatrics, 2019, 144(4).

13, Zylowska L, Ackerman D L, Yang M H, et al. Mindfulness meditation training in adults
and adolescents with ADHD: A feasibility study[J]. Journal of Attention Disorders,
2008,11(6): 737-746.

14 Donath L, Ludyga S, Hammes D, Rossmeissl A, Andergassen N, Zahner L, Faude O. Ab-
solute and relative reliability of acute effects of aerobic exercise on executive function in se-
niors. bmc Geriatr. 2017;17(1):247.

15, Hagen I, Nayar U S. Yoga for children and young people's mental health and well-being:
research review and reflections on the mental health potentials of yoga[J]. Frontiers in psychi-
atry, 2014, 5: 35.

16, Bergen-Cico D, Razza R, Timmins A. Fostering self-regulation through curriculum infu-
sion of mindful yoga: a pilot study of efficacy and feasibility [ J]. Journal of Child and Family
Studies, 2015, 24: 3448-3461.

17 Luu K, Hall P A. Hatha yoga and executive function: a systematic review[J]. The Journal
of Alternative and Complementary Medicine, 2016, 22(2): 125-133.

18, Pascoe M C, Bauer I E. A systematic review of randomized control trials on the effects of
yoga on stress measures and mood[J]. Journal of psychiatric research, 2015, 68: 270-282.
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with ADHD are expanding!®. Meanwhile, there are relevant studies evaluating the
clinical use of yoga that suggest it may be beneficial for patients in the pediatric popu-
lation20. Rosen et al. (2015) showed that children who practiced yoga experienced re-
ductions in a wide range of physical indicators like unfavorable stress-reactive actions,
disruption, bad emotions, frustration, fortitude, and exhaustion/inertia2!. Several stud-
ies on children with a range of psychological, mental, and emotional problems have
indicated that yoga is effective in improving children's mood?2, increasing children's
self-esteem?3, reducing children's anger?4, and reducing children's anxiety?5. The abili-
ty of yoga exercises to promote physical and mental health as well as influence subtle
mental aspects of children makes it more appealing to study the use of yoga as a sup-
portive therapy and alternative treatment for the treatment of ADHD disorders in chil-
dren compared to the complexity and side effects associated with medication?6.
Despite the potential benefits of yoga interventions in the management of ADHD
in children, there are some limitations of the existing studies. An analysis of the exist-
ing studies revealed that there are limitations in the selection of the study

19, Jeter P E, Slutsky J, Singh N, et al. Yoga as a therapeutic intervention: a bibliometric
analysis of published research studies from 1967 to 2013[J]. The journal of alternative and
complementary medicine, 2015, 21(10): 586-592.

20, Birdee G S, Yeh G Y, Wayne P M, et al. Clinical applications of yoga for the pediatric pop-
ulation: a systematic review[J]. Academic pediatrics, 2009, 9(4): 212-220. e9.

21, Rosen L, French A, Sullivan G. Complementary, holistic, and integrative medicine:
Yoga[J]. Pediatrics in Review, 2015, 36(10): 468-474.

22, Felver J C, Butzer B, Olson K J, et al. Yoga in public schools improves adolescent mood
and affect[J]. Contemporary school psychology, 2015, 19: 184-192.

23, Wang D, Hagins M. Perceived benefits of yoga among urban school students: a qualitative
analysis[J]. Evidence-Based Complementary and Alternative Medicine, 2016, 2016(1):
8725654.

24, Pandit S A, Satish L. When does yoga work? Long-term and short-term effects of yoga in-
tervention among pre-adolescent children[J]. Psychological Studies, 2014, 59(2): 153-165.

25, Telles S, Gupta R K, Gandharva K, et al. Immediate effect of a yoga breathing practice on
attention and anxiety in pre-teen children[J]. Children, 2019, 6(7): 84.

26, Manjunath I, Channappa V, Karthikeyan A. A Systematic Review of Yoga as a Supportive
Treatment for Children with Attention-Deficit/Hyperactivity Disorder[J]. Cureus, 2024, 16(7).
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population27:28, the number of sample sizes?%, and outcome measures30:3!. For example,
studies by Jensen (2004) and Zahra Khayati (2021) only recruited boys with ADHD
for their experiments, Petsche's (2016) study included just four pediatric patients with
ADHD, and studies by Cohen (2018), Xue Luo (2023), and Abadi (2008) respectively
used three scales, ADHD RS-IV, Chinese version of MTA SNAP-IV ADHD, and
Child Symptom Inventore-4 to measure symptoms of attention and hyperactivity/im-
pulsivity. Issues such as incomplete inclusion of study participants, small sample sizes,
and inconsistent methods of effect assessment may affect the final results of the exper-
iment. To address these uncertainties, this meta-analysis systematically summarizes
and analyzes existing trials of yoga-based therapies for kids with ADHD to provide
more consistent and comprehensive conclusions on the effectiveness of yoga interven-
tions for children with ADHD, and inform the selection of future treatments for chil-
dren with ADHD.

2 Material and methods
2.1 Literature search

The PRISMA Guidelines Statement for Systematic Reviews and the Cochrane
Handbook for Systematic Reviews were used in the study. From the commencement
of the investigation until its conclusion, five databases—PubMed, Embase, Cochrane,
Web of Science, and Ovid—were searched. The search period spanned from the start
of the study to December 2024. The literature search was organized around the subject
and free terms of "yoga" and "ADHD", and the search strategy is shown in Table 1,
based on which we also searched the reference lists of relevant articles or systematic
reviews for additional articles.

27, Jensen P S, Kenny D T. The effects of yoga on the attention and behavior of boys with at-
tention-deficit/hyperactivity disorder (ADHD)[J]. Journal of attention disorders, 2004,7(4):
205-216.

28, Khayati Z, Shirazi M, Sanagouye Moharer G. The Effect of Yoga Education on Anxiety-
Disorders in Patients with Attention Deficit/Hyperactivity Disorder[J]. Iranian Journal of Re-
habilitation Research, 2021, 7(3): 10-19.

29, Petsche A. The effect of yoga on attention in students diagnosed with ADHD[J].2016.

30, Luo X, Huang X, Lin S. Yoga and music intervention reduces inattention, hyperactivity/
impulsivity, and oppositional defiant disorder in children 's consumers with comorbid ADHD
and ODDI[J]. Frontiers in Psychology, 2023, 14: 1150018.

31, Abadi M S, Madgaonkar J, Venkatesan S. Effect of yoga on children with attention deficit/
hyperactivity disorder[J]. Psychological Studies-University of Calicut, 2008, 53(2): 154.
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Table 1. Search strategy on PubMed.
Search PUBMED

#1 Attention Deficit Disorder with Hyperactivity [MeSH Terms]

#2 (CCeaeeeaAttention Deficit Disorder with Hyperactivity[Title/Abs-
tract]) OR (ADDH]|Title/Abstract])) OR (ADHD|Title/Abstract]))) OR
(Attention Deficit Disorders with Hyperactivity[ Title/Abstract]) OR (At-
tention Deficit Disorders with Hyperactivity[ Title/Abstract])) OR (Atten-
tion Deficit Disorders with Hyperactivity[Title/Abstract])) OR ( Attention
Deficit Hyperactivity Disorder|[Title/Abstract])) OR (Attention Deficit-
Hyperactivity Disorder|Title/Abstract])) OR (Attention Deficit-Hyperacti-
vity Disorders[Title/Abstract])) OR (Deficit-Hyperactivity Disorder, Atten-
tion[ Title/Abstract])) OR (Deficit- Hyperactivity Disorders, Attention[Ti-
tle/Abstract])) OR (Disorders, Attention Deficit-Hyperactivity|[ Title/Abs-
tract])) OR (Disorders. Attention Deficit-Hyperactivity[ Title/ Abstract]))
OR (Hyperkinetic Syndrome|[Title/Abstract])) OR (Syndromes, Hyperkine-
tic[Title/Abstract])) OR (Syndromes, Hyperkinetic[ Title/Abstract])) )) OR
(Attention Deficit Disorder|Title/Abstract])) OR (Attention Deficit Disor-
ders|[Title/Abstract])) OR (Deficit Disorder, Attention[Title/ Abstract])) OR
(Deficit Disorders, Attention[ Title/Abstract])) OR (Disorder, Attention De-
ficit[ Title/Abstract])) OR (Disorders, Attention Deficit[ Title/Abstract]))
OR (Brain Dysfunction, Minimal[Title/Abstract])) OR (Dysfunction, Mi-
nimal Brain[Title/Abstract])) OR (Minimal Brain Dysfunction|Title/Abs-

#3 (#1) OR (#2)
#4 yoga [MeSH Terms]
#5 (#3) AND (#4)

2.2 Inclusion criteria

Inclusion in the literature included the following criteria: (1) participants: ADHD
symptoms in children aged 3 to 15 years old; (2) intervention: must include yoga; and
(3) endpoints: documented results pertaining to the impacts of yoga on the health im-
provement status of kids with ADHD, including anxiety, emotional instability, sus-
tained focus, inattention, etc.
2.3 Exclusion criteria

Studies with the following limitations were excluded: (1) non-English-language
literature; (2) participants >18 years of age; (3) participants in healthy populations; (4)
outcomes related to health-improvement status were not reported; and (5) conference
abstracts, systematic reviews, and meta-analyses.
2.4 Literature quality evaluation

Using the risk of bias assessment tool developed by the Cochrane Collaboration.
The standard of the included literature in this analysis was independently assessed by
two assessors (XTM and YL). Seven criteria were used to systematically evaluate the

literature's quality: (1) explanation of randomization procedures; (2) allocation scheme
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for concealment; (3) the double-blind principle; (4) blinding principle for assessing
findings; (5) completeness of data; (6) selectivity of presenting results; (7) appraisal of
the existence of additional biases (Figure 1).

Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other bias

1 1

0% 25% 50% 75%  100%

B Low risk of bias [Junciear risk of bias B Hich risk of bias

Figure 1. Quality evaluation of included studies.
2.5 Data Extraction

Information taken from each study included basic information about the article
(first author, country, year of publication), subject characteristics (age, symptoms,
number), intervention characteristics, and outcome indicators. Data extraction was
performed independently by 2 evaluators (XTM and YL), with the first author extract-
ing and making the relevant data from the study in a table and the second author scru-
tinizing the information. In cases where ADHD symptom scores existed for which
data were not available but graphical displays were available (Reza Soroori Khorashad
2024). For data extraction, we used Engauge Digitizer version 11.1, a web-based pro-
gram.
2.6 Effect size

All effect sizes were compared using standardized mean differences (SMDs), and
the included studies used several measuring scales to evaluate the same symptoms of
ADHD in accordance with the Cochrane Manual for the Systematic Evaluation of In-
terventions32. Five categories were used to classify symptoms associated with ADHD:
anxiety, sustained attention, emotional instability, hyperactivity/impulsivity, and inat-
tention. Since hyperactivity and impulsivity are frequently evaluated as a single set of
core symptoms (Pauline S. Jensen 2004; Pauline S. Jensen 2023; Srinivasan Venkate-
san 2008), they are regarded as such. We combined effect sizes by selecting the par-
ent-measured version of the data with the guarantee that the scale would contribute
effect sizes to the four outcome domains of inattention, hyperactivity/impulsivity,
emotional instability, and anxiety Quantity in order to promote statistical indepen-
dence of the data for studies that used multiple versions of the scale (i.e., parent and
teacher versions) to measure the same ADHD symptoms (Pauline S. Jensen 2004).

32, Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane
Handbook for Systematic Reviews of Interventions version 6.2 (updated February 2021).

Cochrane (2021). Available online at: www.training.cochrane.org/handbook (accessed July

15,2021).
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2.7 Statistical analysis

Stata software version 15.1 and Review Manager software version 5.4 were used
for all statistical analyses. In this study, effect sizes were determined by calculating
SMD. Heterogeneity tests were expressed using 12, with 12 in the 0-50% range indicat-
ing low heterogeneity and in the 50-100% range indicating high heterogeneity. The
data was integrated using a fixed-effects model for low heterogeneity and a random-
effects model for high heterogeneity, based on the varying degrees of heterogeneity of
the outcome indicators. The threshold for statistical significance was p<0.05. The five
outcomes of this study (inattention, sustained attention, emotional instability, anxiety,
and hyperactivity/impulsivity) were statistically analyzed using Review Manager
5.4.1, with a confidence interval ( CI ) of 95%.

3 Result
3.1 Results of Literature Screening

279 articles were found in the first search of five electronic databases; duplicates
were eliminated, leaving 163 pieces. By screening the abstracts and full text, we ex-
cluded 4 non-English literature, 63 reviews, and conference papers, 7 full texts could
not be found, 58 articles not related to the study topic, and 7 articles with different par-
ticipant populations. Finally, a total of 9 papers were evaluated in full text and quali-
fied for meta-analysis. Figure 2 depicts the unique PRISMA literature screening pro-
cedure. All included studies reported the following ADHD-related outcomes: inatten-
tion (n = 3), sustained attention (n = 4), hyperactivity/impulsivity (n = 3), mood insta-
bility (n = 2), and anxiety (n = 2).



‘ Identification of studies via databases and registers ]

)

= Records identified from( n=279 ):
o Records removed before
-§ PubMed (n =18 ) screening:
S EMBASE (n =56 ) - > Duplicate records removed
E-] Web of Science (n =116 ) (n=116)
H Cochrane ( n=46 )
= Ovid (n=43)
— :
Recordf screened EE— Records excluded (n=15)
(n=163)
Reports sought for retrieval Reports not retrieved
= (n=148) (n=7)
=
@
: !
QO
7]
Reports assessed for eligibility RT{’OFTS eXC"édﬁd (? =13§_)3|
(n=141) —_— eview ar(\n _6e3e)|ng article
Non-English (n = 4)
Irrelevant research question
(n=58)
Different Population ( n=7)
—
\4
'
2 Studies included in review
k-]
£] (n=9)
Qo
£
-

Figure2. The flow chart of literature inclusion screening.
3.2 Characteristics of included studies

First, the region and time of the included studies. Of the nine included papers, the
study authors span multiple countries and regions, including China (Chien-Chih Chou
2017; Sheng Wang 2023; Xue Luo 2023), the United States (Samantha CL Cohen
2018), Australia (Pauline. S. Jensen 2004), Iran ( Meysam Rezaei 2018; Zahra Khayati
2021), Canada (Reza Soroori Khorashad 2024), and India (Divided Attention 2008).
All but two studies were published in 2017 or later. Second, study participants were
included. There were 285 participants in all, 142 in the experimental group and 143 in
the control group. Participants in one study were preschoolers, so four or more symp-
toms were chosen as the cutoff point for capturing children at risk for ADHD (Saman-
tha CL Cohen 2018), and the remaining participants were children diagnosed with
ADHD. The ages of the participants varied between studies, but all of the study partic-
ipants were between the ages of 3 to 15 years old and in childhood. One study recruit-
ed only ADHD boys (Pauline. S. Jensen 2004) to participate, and the rest of the studies
included both boys and girls. Third, the type of intervention included in the studies.
All of their intervention types included yoga, with one study utilizing a yoga and med-
ication form of intervention (Reza Soroori Khorashad 2024), and the remaining stud-
ies utilized yoga only for their interventions. During the intervention, all studies were
conducted in researcher-designed experimental settings except one study that had
ADHD children perform school and home yoga (Samantha CL Cohen 2018). Fourth,
the duration of the intervention was included in the studies. The duration of each ses-

10



sion ranged from 10 to 60 minutes, with most sessions lasting 45 minutes (Meysam
Rezaei 2018; Divided Attention 2008; Zahra Khayati 2021). The duration of the entire
intervention ranged from 2 to 20 weeks, with most interventions lasting 8 weeks
(Chien-Chih Chou 2017; Meysam Rezaei 2018; Reza Soroori Khorashad 2024; Zahra
Khayati 2021), and one study took a daily yoga practice that lasted 2 weeks (Divided
Attention 2008), and the rest of the studies practiced yoga intervention 1-3 times per
week. The overall intervention dose of the experiment ranged from 5-20h, with the
most common dose intervention being 12h (Reza Soroori Khorashad 2024; Divided
Attention 2008; Zahra Khayati 2021), and the dose of this program (Pauline.S. Jensen
2004) up to 20 hours.

3.3 Quality assessment

Eight studies provided information about randomization procedures (Reza
Soroori Khorashad 2024; Samantha CL Cohen 2018; Pauline. S. Jensen 2004; Sheng
Wang 2023; Xue Luo 2023; Meysam Rezaei 2018; Srinivasan Venkatesan 2008; Zahra
Khayati 2021), such as randomized crossover trials and randomized controlled trials,
and were therefore assessed as having a low risk of bias. One study was assessed at
high risk of bias due to a lack of description of randomization methods (Chien-Chih
Chou 2017).

Two studies described an allocation concealment method in which allocation by a
third party and randomized allocation were used (Reza Soroori Khorashad 2024; Xue
Luo 2023) and were therefore assessed as having a low risk of bias. The remaining
seven studies did not explain the allocation concealment methods and therefore indi-
cated an uncertain risk of bias (Chien-Chih Chou 2017; Pauline. S. Jensen 2004;
Samantha CL Cohen 2018; Sheng Wang 2023; Srinivasan Venkatesan 2008; Zahra
Khayati 2021; Meysam Rezaei 2018).

According to one study, there was a substantial risk of bias because participants
were not blinded (Meysam Rezaei 2018). Three studies were considered to be at low
risk of bias due to describing double-blind methods (Samantha CL Cohen 2018; Srini-
vasan Venkatesan 2008; Xue Luo 2023). The remaining five studies did not explain
the use of blinding of participants and personnel (Chien-Chih Chou 2017; Pauline. S.
Jensen 2004; Reza Soroori Khorashad 2024; Sheng Wang 2023; Zahra Khayati 2021),
thus suggesting an indeterminate risk of bias.

Since three studies offered comprehensive details regarding blinded outcome as-
sessment, detection bias was deemed to be low risk (Pauline S. Jensen 2004; Saman-
tha CL Cohen 2018; Xue Luo 2023). The other six studies were judged to be of uncer-
tain risk because blinded outcome assessment was not described (Chien-Chih Chou
2017; Reza Soroori Khorashad 2024; Sheng Wang 2023; Srinivasan Venkatesan 2008;
Zahra Khayati 2021; Meysam Rezaei 2018).

All six studies reported complete outcome data (Reza Soroori Khorashad 2024; Chien-
Chih Chou 2017; Pauline. S. Jensen 2004; Sheng Wang 2023; Xue Luo 2023; Zahra Khayati
2021) and were therefore assessed to be at low risk of bias. One study was unsure whether the
primary outcome of complete outcome data was reported (Samantha CL Cohen 2018) and
was therefore judged to be at uncertain risk. Two studies reported incomplete outcome data
(Srinivasan Venkatesan 2008; Meysam Rezaei 2018) and were therefore assessed as high risk
of bias.



One study had selective reporting of outcomes (Samantha CL Cohen 2018) and was
therefore deemed to be at high risk of reporting. There was insufficient data from two trials to
assess the possibility of selective reporting of results (Srinivasan Venkatesan 2008; Meysam
Rezaei 2018) and were deemed to have an unknown risk of reporting bias as a result. The re-
maining six studies were considered low risk because all required outcomes were reported
(Chien-Chih Chou 2017; Pauline. S. Jensen 2004; Reza Soroori Khorashad 2024; Sheng
Wang 2023; Xue Luo 2023; Zahra Khayati 2021).

3.4 Meta-analysis
Table 2 provides a summary of the study's characteristics.
Table 2. Basic information on the literature was included.
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3.4.1 Attention problems

A total of 3 articles (Pauline. S. Jensen 2004; Xue Luo 2023; Srinivasan Venkatesan
2008) that have measured inattention extracted the data measured using the inattention sub-
scale in the experimental and control groups after the completion of the intervention for Meta-
analysis. Since the included studies showed a significant degree of heterogeneity (12=91%),
the analysis was conducted using a random effects model. The results of the investigation in-
dicated that the total impact of inattention (SMD =-1.73; 95%CI=-3.48~0.03; p=0.05) was
statistically significant, suggesting that yoga improves inattention in children with ADHD
(Figure 3).

A total of 4 articles reported the effect of yoga on sustained attention in children with
ADHD (Chien-Chih Chou 2017; Samantha CL Cohen 2018; Meysam Rezaei 2018; Reza
Soroori Khorashad 2024). The combination of the results revealed a considerable degree of
heterogeneity (12=82%), so a random-effects model was employed. The meta-analysis re-
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vealed that yoga practice helped children with ADHD symptoms pay attention for longer pe-
riods of time (SMD=1.78; 95%CI=0.67-2.88; p<0.05), and the difference was statistically

significant (Figure 4).
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
Pauline. S. Jensen2004 69.64 7.02 11 7275 426 8 337% -0.49[-1.42,0.44] .
Srinivasan Venkatesan2008 53 1.34 20 B.57 148 20 354% -0.88 [-1.53,-0.23] L
Hue Luo2023 1.87 013 15 239 012 15 30.8% -4.04 [5.35,-2.73] u
Total (95% Cl) 46 43 100.0% -1.73[-3.48,0.03] L
Heterogeneity: Tau®= 2.15; Chi*= 21.24, df= 2 (P < 0.0001); F= 91% = f t
-4 i -100 -50 0 50 100
Testfor overall effect Z=1.93 (P = 0.05) Favours [experimental] Favours [control]
Figure 3. Standardized mean difference in the Attention Deficit Scale. SMD-standardized
mean difference; CI-confidence SMD-standardized mean difference; CI-confidence interval.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
Chien-Chih Chou2017 98.61 2.95 24 9512 4563 25 31% 0.76[0.18,1.34]
Meysam Rezaei2018 1351 " 7 1081 13 7 213% 2.33[0.87,3.79]
Reza Soroori Khorashad2024  113.81 915 22 100.67 17.36 23 30.7% 0.92[0.31,1.54)
Samantha CL Cohen2018 2512 1.89 8 1669 1.69 10 16.9% 4.51 [2.60, 6.42) -
Total (95% Cl) 61 65 100.0% 1.78 [0.67, 2.88]
Heterogeneity: Tau®= 0.93; Chi*=16.62, df= 3 (P = 0.0008); F=82% ' + T + |
— - -100 -50 0 50 100
Testfor overall effect: 2= 3.16 (F = 0.002) Favours [experimental] Favours [control]
Figure 4. Standardized mean difference in the Sustained attention. SMD-standardized
mean difference; CI-confidence interval.
3.4.2 Emotional problems
According to 2 studies, yoga helps children with ADHD who struggle with emotional
instability (Pauline S. Jensen 2004; Sheng Wang 2023). Following the analysis of the merge-
able data, the meta-analysis employed a random-effects model because to the considerable
inter-study heterogeneity (I12=60%) in the aggregated data. According to the results, yoga was
successful in reducing emotional instability in children with ADHD (SMD=-1.43; 95%CI
=-2.47~-0.39; p<0.05), suggesting that yoga had a statistically significant overall effect on
emotional instability (Figure 5).
A total of 2 studies measured anxiety (Pauline. S. Jensen 2004; Zahra Khayati 2021).
The mergeable data were analyzed, and high heterogeneity was noted within the merged re-
sults (I12=94%), so a random-effects model was chosen for the analysis. Meta-analysis showed
that the overall effect of anxiety (SMD=-1.76; 95%CI=-4.54~1.07; p>0.05) was not statisti-
cally significant, indicating that yoga exercise was not statistically significant in improving
anxiety in children with ADHD (Figure 6).
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
Pauline. S. Jensen2004 6418 8.72 11 7163 7.09 8 48.4% -0.88 [-1.84,0.08]
Sheng Wang2023 258 346 15 31.86 254 15 51.6% -1.94 [2.83,-1.05]
Total (95% CI) 26 23 100.0% -1.43[-2.47,-0.39] A
Heterogeneity: Tau®= 0.34; Chi*= 2.53, df=1 (P = 0.11); F= 60% i f 1 f !
- - -100 -50 0 50 100
Testfor overall effect. Z= 2.68 (P = 0.007) Favours [experimental] Favours [control]
Figure 5. Standardized mean difference in the Emotional Instability Scale. SMD-stan-
dardized mean difference; CI- confidence interval.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pauline. 5. Jensen2004  58.64 11.4 11 63 1473 8 §01% -0.32[-1.24,0.59]
Zahra Khayati2021 9.05 1.98 20 145 1.27 20 49.9% -3.21[-4.18,-2.29]
Total (95% CI) 31 28 100.0% -1.76 [-4.59, 1.07]
Heterogeneity: Tau®= 3.94; Chi*= 18.04, df=1 (P =< 0.0001); F= 94% 4_1 o0 - 5 5’0 100:

Test for overall effect: Z=1.22 (P=0.22)
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Figure 6. Standardized mean difference in anxiety scales. SMD-standardized mean dif-
ference; CI-confidence interval.
3.4.3 Behavioral control

Three research examined how yoga affected children with ADHD symptoms' hyperactiv-
ity and impulsivity (Pauline S. Jensen 2004; Xue Luo 2023; Srinivasan Venkatesan 2008).
When the findings were combined, a high degree of inter-study heterogeneity (12=89%) was
discovered; as a result, a random effects model was employed for the analysis. A meta-analy-
sis revealed that the experimental group of kids with ADHD symptoms of hyperactivity/im-
pulsivity improved (SMD=-1.79; 95%CI=-3.46 to -0.13; p<0.05) in comparison to the control
group, and the difference was statistically significant (Figure 7).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pauline. 5. Jensen2004 7464 124 11 81.38 10.41 8 337% -0.55[-1.49,0.38]
Srinivasan Venkatesan2008 557 1.83 20 7.37 132 20 355% -1.11 [1.78,-0.44]
Xue Luo2023 1.79 016 15 24 014 15 30.7% -3.95 [-5.24,-2.66] u
Total (95% CI) 46 43 100.0% -1.79[-3.46, -0.13] )

Heterogeneity: Tau®=1.91; Chi*=18.91, df= 2 (P < 0.0001); F=89%

Test for overall effect: Z=2.12 (P = 0.03) -100 -50 o 50 100

Favours [experimental] Favours [control]

Figure 7. Standardized mean difference in the hyperactivity/impulsivity scale. SMD-
standardized mean difference; CI- SMD-standardized mean difference; CI-confidence inter-
val.
3.5 Sensitivity analysis

Meta-analysis revealed high heterogeneity (I>>80%) in the analyses of inattention, sus-
tained attention, emotional instability, anxiety and hyperactivity/impulsivity. Although the
small amount of literature may be an important reason for the high heterogeneity, other fac-
tors need to be considered as well. First, there were significant differences in the length and
frequency of interventions across studies, with some studies having shorter interventions (<4
weeks) and others having interventions of more than 4 months. Second, there were differ-
ences in the range of assessment of the measurement tools used in the included studies, with
some studies, for example, using the Parent and Teacher Rating Scales-The ADHD RS-1V
Preschool version to measure indicators of inattention and hyperactivity/impulsivity outcomes
in children with ADHD (Samantha CL Cohen 2018), and some studies used the MTA SNAP-
IV ADHD Rating Scale questionnaire to measure inattention and hyperactivity (Xue Luo
2023), which could also be a potential source of high heterogeneity. Similarly, differences in
participant age and gender could also contribute to high heterogeneity, such as some studies
with participants aged 3-7 years and some between 12-15 years as well as some studies with
participants comprising only boys. Finally, differences in the type of intervention and setting
may also be a source of high heterogeneity. For example, some studies used a yoga + medica-
tion form of intervention, while some studies conducted a combination of school and home

yoga.

4 Discussion

This study comprehensively assessed the effect of yoga intervention on inatten-
tion, sustained attention, emotional instability, anxiety, and hyperactive/impulsive
symptoms in children with ADHD through a systematic review and Meta-analysis.
The results showed that yoga intervention had statistically significant effects on inat-
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tention, sustained attention, emotional instability, and hyperactivity/impulsivity symp-
toms in ADHD children (p<0.05), but the improvement in anxiety symptoms did not
reach statistical significance. This finding provides new evidence to support the effec-
tiveness of yoga as a non-pharmacological intervention for children with ADHD and
also reveals the variability in the effects of yoga on different symptoms.
4.1 Effects of Yoga on Attention in Children with ADHD

The present study found that yoga intervention significantly improved inattention
and sustained attention problems in children with ADHD. This is consistent with the
findings of Jensen (2004), who found that yoga improved attention duration and selec-
tive attention in children with ADHD?2°. In addition, Harrison et al. (2004) study also
showed that yoga improves executive functions, including attentional control and
working memory, in children with ADHD33. Improvements in attention may be related
to the following mechanisms: on the one hand, yoga practice emphasizes focus, self-
control, and cognitive flexibility, which are the core elements of attention problems,
and through asana practice, breath control, and meditation, yoga enhances prefrontal
cortex activity, improves working memory, inhibitory control, and cognitive flexibili-
ty, and thus enhances attention levels34. On the other hand, it has been shown that two
neurotransmitters, dopamine and norepinephrine, play a key role in attention regula-
tion, and yoga practice can increase the secretion of dopamine and norepinephrine,
thus improving patients' attention problems33.
4.2 Effects of Yoga on the Emotions of Children with ADHD

Lack of emotional control and regulation is one of the main characteristics of
ADHD children, which not only affects their social interactions but also poses a chal-
lenge to academic performance and overall quality of life. Meta-analysis of the present
study showed that yoga intervention was significantly effective in improving emotion-
al instability in children with ADHD, but did not reach statistical significance in terms
of improvement in anxiety symptoms.

The significant improvement in emotional instability may be related to the follow-
ing mechanisms of yoga: on the one hand, breathing control (e.g. abdominal breathing,
alternate nostril breathing) and relaxation techniques (e.g. yoga resting techniques) in
yoga practice can activate the parasympathetic nervous system and reduce heart rate
and blood pressure levels, thus alleviating tensions, and providing an effective help in

33. Harrison L J, Manocha R, Rubia K. Sahaja yoga meditation as a family treatment program
for children with attention deficit-hyperactivity disorder [ J]. Clinical Child Psychology and
Psychiatry, 2004, 9(4): 479-497.

34, Tang Y Y, Holzel B K, Posner M 1. The neuroscience of mindfulness meditation[J]. Nature
Reviews Neuroscience, 2015, 16(4): 213-225.

35, Field T. Yoga clinical research review[J]. Complementary therapies in clinical practice,

2011, 17(1): 1-8.
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emotional instability3¢. On the other hand, studies have shown that yoga practice can
regulate the levels of mood-related neurotransmitters, such as increasing the secretion
of gamma-aminobutyric acid (GABA) and 5-hydroxytryptophan (5-HT), both of
which have a calming effect, and can be effective in alleviating the symptoms of emo-
tional instability37.

The result of the non-significant effect of anxiety improvement may be influenced
by the following factors: first, the small number of included studies, only two, did not
allow for sufficient heterogeneity analysis, thus limiting the generalizability of the re-
sults. Second, it was concluded from the literature that the duration and frequency of
their yoga interventions may not be sufficient to have a significant effect on anxiety
symptoms. The study by Hagen et al. (2014) indicated that short-term yoga interven-
tions have a limited effect on the improvement of anxiety symptoms and that longer-
term and more frequent interventions are needed38. In addition, improvement in anxi-
ety symptoms may require more direct neurophysiological regulatory mechanisms,
such as modulating anxiety by affecting functional connectivity in the amygdala and
prefrontal cortex39.

4.3 Effects of Yoga on Behavioral Control in Children with ADHD

This study found that yoga was effective in improving hyperactive/impulsive
symptoms in children with ADHD. In exploring the reasons for yoga's improvement,
we need to consider the developmental mechanisms in pediatric patients with ADHD.
Higher levels of hyperactivity and impulsivity in adolescents are associated with
slower cortical thinning, particularly in the prefrontal cortex, which is essential for
impulse management, inhibitory control, and other processes#0. It has been noted that
yoga practitioners show greater ventral lateral prefrontal cortex (VIPFC) activation
during Stroop tasks compared to controls and that it has been shown to have favorable

36, Brown R P, Gerbarg P L. Sudarshan Kriya yogic breathing in the treatment of stress, anxi-
ety, and depression: part [-neurophysiologic model[J]. Journal of Alternative & Complemen-
tary Medicine, 2005, 11(1): 189-201.

37, Streeter C C, Whitfield T H, Owen L, et al. Effects of yoga versus walking on mood, anxi-
ety, and brain GABA levels: a randomized controlled MRS study[J]. The journal of alternative
and complementary medicine, 2010, 16(11): 1145-1152.

38, Hagen I, Nayar U S. Yoga for children and young people's mental health and well-being:
research review and reflections on the mental health potentials of yoga[J]. Frontiers in psychi-
atry, 2014, 5: 35.

39. Holzel B K, Lazar S W, Gard T, et al. How does mindfulness meditation work? Proposing
mechanisms of action from a conceptual and neural perspective[J]. Perspectives on psycho-
logical science, 2011, 6(6): 537-559.

40, Shaw P, Gilliam M, Liverpool M, et al. Cortical development in typically developing chil-
dren with symptoms of hyperactivity and impulsivity: support for a dimensional view of at-
tention deficit hyperactivity disorder[J]. American Journal of Psychiatry, 2011, 168(2):

143-151.
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effects in terms of improvement in hyperactivity/impulsivity symptoms#!. It has also
been suggested that brain activity patterns change after yoga practice, altering neural
functions related to behavioral control, which in turn positively affects behavioral per-
formance in children with ADHD*2.

All things considered, yoga offers special advantages for individuals with ADHD
over other forms of therapy, especially in the formative years. Through its special
breathing and meditation techniques, yoga helps children with ADHD establish a solid
basis for self-regulation at the crucial stage of cognitive and emotional regulation de-
velopment*3:44. Since children are more vulnerable to the negative effects of medica-
tions than adults are, and because long-term medication use can harm children's neuro-
logical and psychological systems irreparably, yoga, as a non-pharmacological inter-
vention, has the advantage of having no serious side effects. On the one hand, it is
more appropriate for the long-term care of families with children who have ADHD
due to its low cost. Yoga, on the other hand, aims to have a long-lasting good impact
on all aspects of daily life and academic achievement for children with ADHD by fos-
tering and enhancing the patient's inner self, in contrast to drugs that directly target
neurotransmitters. Overall, yoga therapy during childhood may benefit ADHD pa-
tients' physical and mental development better and progressively lessen the negative
symptoms of the disorder.

5 Limitations

Even though the random effects model is frequently used for meta-analyses, it
has certain limitations. For example, if there are few studies, the data gathered from
the study will be imprecise, therefore the findings should be evaluated with caution*s.
The FS and PACES analyses in this study showed high heterogeneity of the data,
which may be caused by the following reasons: first, although we optimized the ho-
mogeneity problem of the studies by strict inclusion criteria, we were unable to obtain
all the relevant data due to the limitations of the included literature, which may have
affected the results of our analyses. Second, inconsistency in the measurement of the
outcome metrics and the diversity of the metrics may also be the cause of high hetero-
geneity; ADHD symptoms encompass a variety of aspects such as attention problems,

41, Machado Y C, Oliveira M, Lima J L F, et al. Effects of yoga on impulsivity in patients with
and without mental disorders: a systematic review[J]. BMC Psychiatry, 2024, 24(1): 267.

42, Krishnan A, Akhter EE. Yoga meditation modifies the amygdala and insula functional con-
nectivity and regulates emotional reactivity. Int J Neurosci 2011 ;121:638-49.

43, Cortese S, Adamo N, Del Giovane C, et al. Comparative efficacy and tolerability of med-
ications for attention-deficit hyperactivity disorder in children, adolescents, and adults: a sys-
tematic review and network meta-analysis[J]. The Lancet Psychiatry, 2018, 5(9): 727-738.

44, Wilens T E, Spencer T J. Understanding attention-deficit/hyperactivity disorder from
childhood to adulthood[J]. Postgraduate Medicine, 2010, 122(5): 97-109.

45, Borenstein M, Hedges L V, Higgins J P T, et al. A basic introduction to fixed-effect and
random-effects models for meta-analysis [J]. Research synthesis methods, 2010, 1(2): 97-111.
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mood problems, executive functioning, and social functioning, but there is no uniform
standard for the measurement of these outcome indicators. Third, we need to be aware
of meta-analysis's inherent limitations. For instance, it is impossible to totally rule out
the possibility of publication bias, which could skew our results because research with
noteworthy results are more likely to be published.

6 Conclusions

This systematic review and meta-analysis examined the effects of an intervention
using yoga on five symptoms of inattention, sustained attention, emotional instability,
anxiety, and hyperactivity/impulsivity in children with ADHD. While yoga did not ap-
proach statistical significance for anxiety symptoms, we did find that it significantly
reduced the symptoms of inattention, sustained attention, emotional instability, and
hyperactivity/impulsivity in children with ADHD. This study offers significant proof
that yoga is a successful non-pharmacological treatment for ADHD in kids. It also im-
plies that more research is necessary to better understand how yoga affects anxiety
symptoms and to improve intervention techniques. Despite some limitations, this
study provides an important reference point for future research and clinical practice.
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