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Abstract

Background: Suryanamaskar (Sun Salutation) is a dynamic sequence of yoga that incor-
porates movement, breath and mindfulness, and is known for its many potential multidi-
mensional health benefits. Despite the increasing volume of research, a comprehensive
and domain-specific synthesis examining the multidimensional effects of Suryanamaskar
and yoga-based interventions incorporating Suryanamaskar remains limited. Hence, the
present study was designed to systematically review and synthesize the existing evidence
related to the effects of Suryanamaskar and yoga-based interventions using Suryanamaskar
sequence on various populations and outcome domains. Methods: This systematic review
was conducted in accordance with the PRISMA 2020 statement and Cochrane Handbook
recommendations. Literature searches were performed in PubMed, Scopus, Web of Science,
and Google Scholar from database inception to 31 December 2025. Studies involving hu-
man participants and Suryanamaskar-based interventions reporting measurable physical,
physiological, or psychological outcomes were included. Fourteen studies met the eligi-
bility criteria. Study characteristics, intervention protocols, and outcome measures were
extracted. Risk of bias was assessed using RoB 2 for randomized studies and ROBINS-I
for non-randomized studies. Due to substantial heterogeneity, findings were synthesized
narratively. Results: A total of 14 studies met the inclusion criteria. Overall, Suryana-
maskar and yoga-based interventions incorporating Suryanamaskar were associated with
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with potential applications in educational, sports, and health-promotion settings, further
high-quality randomized controlled trials with standardized protocols and larger sample
sizes are required to strengthen the evidence base.

Keywords: suryanamaskar; yoga intervention; physical fitness; physiological adaptations;
psychological well-being

1. Introduction

Suryanamaskar (Sun Salutation) is the structured sequence of yogic postures that are
performed in a cycle with the synchronized movement patterns and breathing [1,2]. Its
benefits on the physical, physiological and psychological aspects of health have made it a
widely adopted exercise, which has grown out of the traditional yoga systems [2,3]. This
series is usually composed of 10-12 postures where multiple muscle groups and body
systems are engaged in multiple transitions to forward and backward bending, stretching
and weightbearing, together [4,5].

Suryanamaskar is a distinctive and effective full body exercise intervention that allows
combined strength, flexibility, endurance, and coordination exercises to be performed in
a single continuous session [1,6]. Physiologically, Suryanamaskar is linked to substantial
enhancements in cardiovascular, respiratory and autonomic functions. Controlled breathing
and the dynamic nature of the sequence maximize the amount of oxygen used and thus
energy utilization is optimized [7,8]. Yoga has been shown to reduce autonomic imbalance,
increase parasympathetic activity and improve baroreflex sensitivity, leading to better
stress regulation and cardiovascular health [9,10]. Moreover, regular exercise has been
shown to impact metabolic parameters, such as weight loss and decreases in body mass
index, body fat percentage, and waist circumference, which suggests its importance in
obesity management and related conditions [11,12]. These physiological changes indicate
Suryanamaskar as a modality that brings integrative functioning of the internal systems.

From a physical fitness perspective, Suryanamaskar represents a comprehensive
exercise modality capable of enhancing muscular strength, endurance, flexibility, balance,
and neuromuscular coordination through the integration of dynamic postural transitions
and weight-bearing movements. The repetitive and weight-bearing postures facilitate
strengthening of the upper and lower body strength and the stretching component increases
the mobility and flexibility of the joints and musculoskeletal system [13-15]. Moreover, the
synchrony of the movement between postures calls for neuromuscular control and stability,
which enhances balance and proprioceptive skills [16]. The combination of these effects
makes Suryanamaskar a good physical conditioning system which can be used in various
groups such as athletes and non-athletes.

A growing body of evidence has demonstrated the potential psychological bene-
fits of Suryanamaskar and related yoga-based interventions, particularly in relation to
stress regulation, emotional well-being, and mental health outcomes. Breathing exercises,
physical activity, and mindfulness are all important components of reducing stress and
improving mental health. The data indicate that yoga practices have a modulatory ef-
fect on neurophysiological mechanisms related to the hypothalamic—pituitary—adrenal
axis and the autonomic nervous system, resulting in decreased stress responses and en-
hanced emotional regulation [17,18]. Empirical studies have found that practitioners of
Suryanamaskar [19-21] showed significant reduction in anxiety, depression and perceived
stress and improvement in emotional intelligence, resilience and overall quality of life,
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among others. The findings support the notion of Suryanamaskar as a comprehensive
mind-body technique that can impact psychological and physiological areas.

Despite the growing body of evidence, a comprehensive synthesis specifically ex-
amining the multidimensional effects of Suryanamaskar and yoga-based interventions
incorporating Suryanamaskar remains limited. While several studies have investigated
individual outcome domains such as flexibility, cardiovascular function, body composition,
or psychological well-being, these findings have largely been reported in isolation. Fur-
thermore, variations in intervention design, participant characteristics, training duration,
outcome assessment methods, and inconsistencies in effect-size reporting have made it
difficult to establish a unified understanding of the effectiveness of Suryanamaskar-related
practices and have reduced the clarity of evidence synthesis [22,23]. Existing reviews
have generally focused on yoga as a broad intervention or have examined selected health
and wellness outcomes associated with Surya Namaskar, without comprehensively eval-
uating its multidimensional effects across physical fitness, physiological, psychological,
and body-composition domains. Accordingly, the present review should be considered
an extension and update of the existing evidence base rather than the first synthesis on
the topic. The present review expands previous reviews by simultaneously examining
multidimensional outcomes across diverse populations while distinguishing between stan-
dalone Suryanamaskar interventions and broader yoga-based programmes that explicitly
incorporate Suryanamaskar as a defined intervention component. This approach provides
a more comprehensive understanding of the potential contributions of Suryanamaskar to
health, fitness, and performance outcomes.

2. Materials and Methods
2.1. Study Selection Procedures

All the steps taken to select the studies were done in line with the internationally
recognized guidelines for systematic reviews, specifically Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) and the recommendations of the Cochrane
Collaboration. This systematic process also ensured methodological rigour, transparency
and reproducibility in the review process. All records that were found through a thor-
ough search of the databases were first imported into a reference management program
where duplication was systematically identified and eliminated. This reduced duplication
and ensured that each study was only looked at once during the screening process. A
two-stage screening process was conducted after deduplication. In the first stage, two
reviewers independently screened the titles and abstracts of all retrieved records using the
Population, Intervention, Comparator, Outcomes, and Study Design (PICOS) framework
(Table 1). Studies that clearly failed to meet the eligibility criteria, including those without
Suryanamaskar-based interventions, those not reporting quantitative outcome measures,
and those not involving human participants, were excluded at this stage. In the second
stage, the full texts of potentially eligible articles were independently assessed by the
same reviewers to determine final inclusion. Any disagreements between reviewers were
resolved through discussion and consensus. When consensus could not be reached, a third
reviewer acted as an adjudicator and made the final decision. All disagreements identified
during title/abstract and full-text screening were resolved through discussion and consen-
sus before data extraction. This procedure was implemented to minimize selection bias and
strengthen the methodological rigor, transparency, and reliability of the review process. The
studies were rigorously examined and it was ensured that each study specifically examined
the effects of Suryanamaskar or a yoga intervention that includes Suryanamaskar on at
least one domain of interest, such as physical fitness, physiological parameters, psycho-
logical outcomes or body composition. Specific focus was placed on intervention fidelity,
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outcome measurement validity and study design appropriateness. Screening and eligibility
assessment were done separately to increase the reliability of the selection process; any
differences and disagreements were discussed and agreed upon. When necessary, guid-
ance from the existing systematic review literature was sought to facilitate consistency for
decision-making. This cooperation reduced selection bias and increased the credibility
of the review. The review protocol was registered in PROSPERO (CRD420261387567) on
08 May 2026. Registration occurred after completion of the literature search and study
selection procedures but before the final evidence synthesis and manuscript preparation.
Accordingly, the registration is reported to enhance transparency and protocol accessibility
rather than as a prospectively registered review. In addition, all of the study selection
process was systematically documented, and the number of records identified, screened,
excluded (with reasons), and included in the final synthesis was reported. A supplementary
table detailing categories of full-text articles excluded during eligibility assessment and
the corresponding reasons for exclusion is provided in Supplementary Table S1. This
documentation helps in ensuring transparency and enables the process to be replicated by
future researchers, following best practices in evidence synthesis [24]. A detailed PRISMA
2020 flow diagram illustrating the identification, screening, eligibility assessment, and
inclusion of studies is presented in Figure 1.

Table 1. Inclusion and Exclusion Criteria.

Component Inclusion Criteria Exclusion Criteria
Human participants of any age group (adolescents, Animal studies; participants with severe
adults, elderly), both sexes; includes healthy ) .. )
. ... . . uncontrolled medical conditions; studies
P (Population) individuals, athletes, and clinical populations

(e.g., obesity, poor sleep quality, perimenopausal
women, intellectual disability)

focusing exclusively on rehabilitation of
acute injuries or surgical populations

Studies involving Suryanamaskar or yoga
interventions incorporating Suryanamaskar (alone or
combined with asanas, pranayama, meditation,
resistance training, or flexibility protocols)

I (Intervention)

Studies not involving Suryanamaskar
or yoga-based interventions; purely
meditation-only or pranayama-only

interventions without
physical components

Studies with control groups (active, passive, or no
intervention), alternative exercise (e.g., stretching,
walking, cycling), or pre-post comparisons
(self-controlled designs)

C (Comparator)

Studies lacking any form of comparison
(e.g., purely descriptive studies without
pre—post data); theoretical or
opinion-based papers

At least one measurable outcome related to: physical
fitness (strength, endurance, flexibility, balance),
physiological parameters (VO2 max, HRV, BP),
psychological outcomes (stress, anxiety, depression,
well-being), cognitive performance,
or body composition

O (Outcomes)

Studies not reporting quantitative
outcomes; studies reporting only
qualitative outcomes without
measurable data

Experimental, quasi-experimental, randomized

Case studies, case reports, reviews,

Study Design controlled trials, crossover designs, and editorials, conference abstracts without
intervention-based pre—post studies full data, and non-peer-reviewed articles
Language & Studies published in English in Non—Epghsh s.tudles,' unp ubhshed theses,
o . . dissertations, or grey literature
Publication peer-reviewed journals

(unless peer-reviewed)

No strict time restriction; studies included up to the
latest available (reflecting contemporary evidence
up to 2025)

Time Frame

Studies published outside accessible time
frame or lacking full-text availability
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Identification

Screening

Included

[

Identification of studies via databases and registers

Records identified from:
Databases (n =1,256)
Registers (n = 0)

Records removed before
screening:
Duplicate records removed (n
=256)
Records marked as ineligible
by automation tools (n =0)
Records removed for other
reasons (n =0)

\d

Y

Records screened > Records excluded

(n =1000)

(n =920)

Y

Reports sought for retrieval

(n =80)

Reports not retrieved
(n=10)

v

Y

Reports assessed for eligibility

(n=70)

Reports excluded (n = 56):

* Not Suryanamaskar/yoga-specific
intervention (n = 20)

A4

* No relevant outcome measures (n = 14)
* |nappropriate population (n = 8)
* Review articles/conference abstracts (n = 14)

Y

Studies included in the review

(n=14)

Reports of included studies

(n=14)

Figure 1. PRISMA flow diagram illustrating the study selection process.

2.2. Literature Search: Administration and Update

A detailed and systematic literature search was conducted to identify all relevant
studies examining the effects of Suryanamaskar and yoga-based interventions incorporat-
ing Suryanamaskar on physical, physiological, and psychological outcomes. The search
strategy was developed following the Cochrane Handbook and PRISMA guidelines to
ensure methodological rigour, transparency, and reproducibility. Four major electronic
databases, namely PubMed, Scopus, Web of Science, and Google Scholar, were searched.
The literature search covered all eligible studies available from database inception until
31 December 2025. These databases were selected to ensure comprehensive coverage of
peer-reviewed literature across biomedical, sports science, and interdisciplinary research
fields. A search strategy incorporating controlled vocabulary (e.g., MeSH terms in PubMed)
and free-text keywords was employed to maximise sensitivity and specificity. Boolean
operators (“AND” and “OR”) were used to organize and refine the search strategy.

The search strategy was designed to maximise sensitivity while maintaining retrieval
relevance. Search terms primarily focused on the intervention concept, including “Suryana-
maskar”, “Surya Namaskar”, “Sun Salutation”, and related yoga terminology, combined
with human-participant filters where applicable. Outcome-related terms were incorpo-
rated to improve retrieval efficiency and identify studies across a broad range of health
and performance domains; however, eligibility was not restricted to any specific outcome
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category during study selection. Consequently, studies reporting physical fitness, physi-
ological, psychological, cognitive, body-composition, metabolic, sleep-related, anthropo-
metric, or other health-related outcomes remained eligible provided that they investigated
a Suryanamaskar-based intervention and satisfied the predefined inclusion criteria. The
following database-specific search strategies were subsequently applied: In PubMed, the
search string used was: (“Suryanamaskar” OR “Surya Namaskar” OR “Sun Salutation”)
AND (“Yoga”[Mesh] OR yoga OR “yogic exercise”) AND (“Physical Fitness”[Mesh] OR
“Motor Activity”[Mesh] OR “Exercise”[Mesh] OR “physical fitness” OR strength OR en-
durance OR flexibility OR balance OR “physiological outcomes” OR “cardiorespiratory
fitness” OR “VO2 max” OR “psychological outcomes” OR stress OR anxiety OR depres-
sion OR well-being) AND (Humans[Mesh]). The search strategy used in Scopus was:
TITLE-ABS-KEY (“suryanamaskar” OR “surya namaskar” OR “sun salutation”) AND
TITLE-ABS-KEY (yoga OR “yogic exercise”) AND TITLE-ABS-KEY (“physical fitness”
OR strength OR endurance OR flexibility OR balance OR “physiological outcomes” OR
“cardiorespiratory fitness” OR “VO2 max” OR “psychological outcomes” OR stress OR
anxiety OR depression OR “mental health” OR well-being). The following search string
was used in Web of Science: TS = (“suryanamaskar” OR “surya namaskar” OR “sun saluta-
tion”) AND TS = (yoga OR “yogic exercise”) AND TS = (“physical fitness” OR strength
OR endurance OR flexibility OR balance OR “physiological outcomes” OR “VO2 max”
OR “psychological outcomes” OR stress OR anxiety OR depression OR well-being). The
search string used for Google Scholar was: (“Suryanamaskar” OR “Surya Namaskar” OR
“Sun Salutation”) AND yoga AND (“physical fitness” OR “physiological outcomes” OR
“psychological outcomes” OR stress OR anxiety OR depression). In line with systematic
review methodology, only the first 200 results sorted by relevance were screened because
of the wide range of Google Scholar. Because Google Scholar does not provide a direct
peer-review filter, all records identified through Google Scholar were manually screened.
Peer-reviewed status was verified through journal information, publisher websites, index-
ing databases, and article metadata during the eligibility assessment process. Only studies
published in peer-reviewed English-language journals were ultimately included in the
review. In addition, a manual search of the reference lists of included articles and relevant
reviews was done to ensure that further articles that might not have been found in the
database search were not overlooked. The search process was an iterative one, and the
search was updated on a regular basis before final data synthesis was completed, to include
the most updated studies, reflecting the most up-to-date evidence base. The methods used
for searching (e.g., keywords, using Boolean operators, and sometimes adapting search
(AS) strategies to the database) were thoroughly documented and reported, following best
practice guidelines for conducting systematic reviews [24,25].

2.3. Data Extraction

Data extraction was carried out systematically in accordance with the recommenda-
tions of the Cochrane Collaboration and the PRISMA 2020 statement using a standardized
and pilot-tested data extraction form. Two reviewers independently extracted data from
all included studies, and any discrepancies were resolved through discussion and consen-
sus. When agreement could not be reached, a third reviewer was consulted to adjudicate
the final decision. Extracted information included study authors, country, study design,
participant characteristics (sample size, age, and sex), intervention details (type, duration,
and frequency), comparator characteristics, outcome variables, and key findings. In ad-
dition, statistical information, including mean values, standard deviations, p-values, and
reported effect sizes, was collected whenever available. For studies that did not report
effect sizes, alternative indicators such as percentage change, t-values, F-values, or descrip-
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tive interpretations were recorded to facilitate comparison of intervention effects across
studies. The extracted data were subsequently cross-checked for completeness, accuracy,
and consistency prior to synthesis. Several included studies were authored by members of
the review team. To minimise potential bias, eligibility assessment, data extraction, and
risk-of-bias evaluation for these studies were independently verified by co-authors who
were not involved in the original primary research.

2.4. Summary Measures

The key summary variables were the change in outcome variables from pre- to post-
intervention across the studies included. Changes were generally reported in terms of mean
differences and standard deviations, if available. Reported p-values were used for statistical
significance, and p < 0.05 was considered statistically significant. Standardised effect sizes
(Cohen’s d and partial eta squared [1?]) were used where reported, to allow for assessment
of the magnitude of intervention effects. For studies in which effect size was not reported,
alternative measures such as percentage change, t or F values, or descriptive interpretations
of the statistical results were used to approximate the direction and magnitude of the effects.
When controlled comparisons were available, between-group effects were prioritised be-
cause they provide stronger evidence of intervention effectiveness. Within-group changes
were reported descriptively to illustrate temporal changes but were interpreted cautiously,
particularly in uncontrolled and self-controlled study designs where improvements may
reflect factors other than the intervention itself.

2.5. Synthesis of Results

Considering the substantial methodological and clinical heterogeneity among the
included studies, a structured narrative synthesis approach was adopted. Studies were
first categorized according to four predefined outcome domains: (1) physical fitness,
(2) physiological parameters, (3) psychological outcomes, and (4) body composition. Within
each domain, findings were synthesized by comparing the direction of effect (improvement,
deterioration, or no change), statistical significance, and reported effect magnitude where
available. Greater emphasis was placed on identifying consistent patterns across studies
rather than on individual study findings. The consistency of evidence was evaluated
according to the proportion of studies reporting favourable outcomes within each domain,
while consideration was also given to differences in participant characteristics, intervention
duration, intervention composition, and study design. Because of heterogeneity in outcome
measures and intervention protocols, quantitative pooling was considered inappropriate,
and findings were interpreted descriptively.

2.6. Risk-of-Bias Assessment

The methodological quality of the included studies was assessed using risk-of-bias
tools appropriate to the respective study designs. Randomized controlled trials were
evaluated using the Cochrane Risk of Bias 2 (RoB 2) tool, whereas non-randomized, quasi-
experimental, and self-controlled intervention studies were assessed using the Risk of
Bias in Non-randomized Studies of Interventions (ROBINS-I) framework [26]. The RoB
2 assessment considered bias arising from the randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome, and selection
of the reported result. For non-randomized studies, the ROBINS-I framework was used
to evaluate potential bias related to confounding, selection of participants into the study,
classification of interventions, deviations from intended interventions, missing data, mea-
surement of outcomes, and selection of the reported result. Because RoB 2 and ROBINS-I
assess different sources of bias and employ different judgment criteria, their results were
presented separately according to study design. Risk-of-bias assessments were conducted
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independently by two reviewers, and any disagreements were resolved through discussion
and consensus. Overall methodological quality was considered during data synthesis and
interpretation of findings. The assessment procedures followed recommendations outlined
in the Cochrane Handbook for Systematic Reviews of Interventions and the guidance for
the RoB 2 and ROBINS-I assessment tools [24,26].

3. Results

Overall, 14 studies met the inclusion criteria and were included in the narrative
synthesis. Most studies were conducted in India and employed randomized, experimental,
or quasi-experimental designs. Intervention durations ranged from 4 to 24 weeks, with
frequencies between 2 and 6 sessions per week. Of the 14 included studies, eight evaluated
standalone Suryanamaskar interventions, whereas six investigated yoga-based programs
that explicitly incorporated Suryanamaskar as a defined component of the intervention. No
included study was classified as a yoga-based intervention without a clearly identifiable
Suryanamaskar component. Outcomes were broadly categorized into physical fitness,
physiological parameters, psychological outcomes, and body composition (Table 2).

Table 3 presents the RoB 2 assessment of the nine randomized studies included in this
review. Overall, the methodological quality of the randomized evidence was characterized
predominantly by ‘some concerns’ across most bias domains. The most common issues
were related to insufficient reporting of randomization procedures, allocation concealment,
deviations from intended interventions, and selective outcome reporting. Most studies
demonstrated adequate management of missing outcome data and generally employed
validated and standardized outcome measures. However, limited methodological report-
ing prevented several studies from being judged as having low risk of bias. Collectively,
the findings indicate that although the randomized evidence base is generally accept-
able, methodological limitations and incomplete reporting procedures warrant cautious
interpretation of the observed intervention effects.

Table 4 presents the ROBINS-I assessment of the five non-randomized studies in-
cluded in the review. Overall, these studies demonstrated a greater susceptibility to bias
than the randomized studies, with all investigations receiving an overall judgement of
serious risk of bias. The most prominent sources of bias were related to confounding,
participant selection procedures, and deviations from intended interventions, reflecting the
inherent limitations of quasi-experimental and self-controlled study designs. In contrast,
risks associated with missing data and selective outcome reporting were generally judged
to be moderate, while classification of interventions and outcome measurement domains
demonstrated low-to-moderate or moderate concerns across studies. Although these in-
vestigations frequently reported favourable outcomes and employed validated outcome
measures, the absence of rigorous randomization procedures and the potential influence of
uncontrolled confounding factors limit causal inferences regarding intervention effective-
ness. Consequently, findings derived from the non-randomized evidence base should be
interpreted with greater caution than those obtained from the randomized studies.

Table 5 provides a summary of the effects of Suryanamaskar and yoga-based interven-
tions incorporating Suryanamaskar across the included studies. Overall, favourable trends
were observed across physical fitness, physiological, psychological, and body composition
domains. Improvements were most consistently reported for flexibility, muscular strength,
endurance, balance, cardiovascular fitness, stress reduction, and quality of life. How-
ever, the magnitude of effects varied across studies because of differences in participant
characteristics, intervention protocols, and outcome assessment methods.
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Table 2. Characteristics of the Included Studies Evaluating the Effects of Surya Namaskar and Surya Namaskar-Based Yoga Interventions (N = 14).

Study Intervention Duration & Outcome
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
Muscle Strength Significant improvements in
(bench press, upper and lower body strength
79 medical shoulder press, (p < 0.001-0.0002); improved
undergraduate Structured practice of back & leg endurance (push-ups, sit-ups;
students (49 males, Suryanamaskar 1 dynamometry); p < 0.001); reduced BMI and
0 females), aged involving 10-ste No separate contro 24 weeks; General body weight (p < 0.0001); bod
Bhutkar Sequential 3 + 38 . & P group; participants ! y weght {p < D00 body
. 17.5-20 years; Standalone cyclical movements / . 6 days/week; Endurance fat % decreased significantly in
etal. (2011) India self-control . . served as their own . -
[13] stud excluded those Suryanamaskar synchronized with control (pre—post 1 h/session (push-ups, females only; lean body mass
) y with prior sports breathing; cycles com aP;isoE) (5:00-6:00 PM) sit-ups); Body increased (significant in females);
training, yoga increased from 6 to P Composition females showed greater overall
practice, or 24 progressively (BMI, % body fat,  improvement; RPE: males “fairly
medical illness lean body mass); light” (~50% VO2 max), females
Perceived Exertion “somewhat hard”
(Borg scale) (~75% VO2 max)
Dynamic stretching
protocol: 1 set of
30 phvsiother 8 exercises (straight Hamstrin
physioterapy leg strides, [ amsting Both interventions significantly
students (aged . . flexibility assessed . ; -
. . inchworm, walking 4 weeks; . 4 improved bilateral hamstring
Mangaonkar C . 19-25 years) with Suryanamaskar: 8 cycles di 11 15 mi . via Active Knee flexibili 0.0001):
& Puntam- omparative restricted Standalone er session; each posture lagonar funges, ~15 min/session Extension (AKE) exibility (p <0. )i
Indi i tal p ! P ri low lateral (including 5 min Suryanamaskar demonstrated
bek ndia experimenta hamstri S K held for 5 s (~60- carioca, low latera cluding uryanamaskar demonstrate
ekar amstring uryanamaskar eld for 5 s (~60-s cycle . . test and Back s
study - shifts, single-step warm-up and significantly greater
(2018) [15] flexibility (knee per round) . F . Saver .
. Romanian deadlift, 2 min cooldown) . improvement compared to
extension . Sit-and-Reach . .
o backward run, high dynamic stretching (p < 0.0001).
range < 50°) K . : (BSSR) test
nee pulls); 1 min
per exercise
(30 s per leg)
Significant improvements in
Sleep quality sleep quality, psychological
Suryanamaskar: (Pittsburgh Sleep well-being, resting heart rate,
12-posture sequence 8 weeks: Quality systolic blood pressure, and BMI
Ch . 30 young adults with controlled . ! Index—PSQI); in the intervention group; control
awla Quasi- L Control group: experimental: . .
. - aged 1840 years Standalone breathing; - . . Psychological group showed improvement
etal. India experimental ) . 20 min daily 3 sessions/week; ‘ . .
(2022) [27] stud with poor sleep Suryanamaskar 3 sessions/week; walking program control: dail well-being only in general well-being;
y quality (PSQI > 5) 40-45 min/session; & P1o8 ) y (PGWBI); Resting significant between-group

progressive increase
in sets

walking heart rate; Blood

pressure; Body
Mass Index (BMI)

differences favored the
Suryanamaskar group for sleep
quality, psychological well-being,
and heart rate.
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Table 2. Cont.

Study . . g as Intervention Duration & Outcome .1
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
Significant reduction in
perceived stress in DSN groups
(Groups I & IIT) compared to
Dynamic control groups (Groups II & IV),
Indian male Suryanamaskar (DSN): Psychological where stress increased (likely
teenage school 12-posture Rishikesh outcomes: due to examination pressure);
students; series performed with Control eroups: Perceived Stress significant improvement in
Solomon’s four-grou Standalone rapid transitions . & p : Scale (PSS); emotional intelligence in DSN
Stec et al group P stretching exercises 12 weeks; 5
. India four-grou structure with Dynamic (7.5-8 s/round); 1§ e ’ Emotional roups, with stronger pre—post
(2023) [21] group Y and jogging 6 days/week group 8er pre-p
design subgroup sizesup  Suryanamaskar protocol included (~20 min) Intelligence (EQ gains compared to controls and
ton = 27 for ~35 min DSN, 10 min questionnaire for higher post-test trends; overall,
post-test flexibility exercises (first Indian DSN demonstrated superior
measurements 4 weeks), and 5 min population) effectiveness over jogging and
relaxation stretching in enhancing
psychological well-being and
reducing negative
emotional states
30 older men Suryanamaskar:
(50-60 years; mean 12 Psvchological:
age 56.3 + 1.3) -posture sequence sychological:
§€ 909 = % including Pranamasana, 12 weeks; Depression Significant reduction in
. residing in an Control group: . . s
Rai Experimental 1d- h ) Standal Hasta Uttanasana, ine dail 6 days/week; (Hamilton depression levels and significant
aja Indi two- old-age home; tandalone Padahast Ash routine daily twice dail D ionScale): i tin trunk flexibili
ndia o-group .. adahastasana, Ashwa A . wice daily epression Scale);  improvement in trunk flexibility
(2023) [28] 4 randomly divided = Suryanamaskar activities without . . . .
design . . Sanchalanasana, . sessions (morning Physical: Trunk in the Suryanamaskar group
into experimental h structured training . bili h
(n = 15) and Ashtanga Namaskara, and evening) flexibility compared to the control group.
control (n = 15) Bhujangasana, and (sit-and-reach test)
groups_ Parvatasana
Significant improvement in back
flexibility (t = 17.75, p < 0.001)
30 male college and lumbar flexion (t = 3.86,
Experimental students (18-20 Control group: no Flexibility: Back p= 0,'002) n t.h.e intervention
Ethiraj et al two-group years), randomly Standalone Surya Namaskar intervention; 6 weeks; flexibility group; no significant changes in
(2024) [14] India pretest—post- assigned to Suryanamaskar practice program maintained regular 5sessions/week  (sit-and-reach test); controi}iger Zlflf};;fllizls;relsgss s;lpport

test design

treatment (n = 15)
and control
(n = 15) groups

performed 5 days/week

daily activities

Lumbar flexion

Suryanamaskar in enhancing
spinal flexibility and
kinanthropometric parameters in
young adults
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Table 2. Cont.
Study . . e e Intervention Duration & Outcome .1
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
60 participants Bodv composition Significant reductions in BMI,
(male and female), Suryanamaskara Boo dy C&aspsog dgx. waist circumference, and
aged 18-30 years, (15 rounds, ~30 min) (B}II\/[I) Waist skinfold thickness in the
Randomized diagnosed with Yoea Program combined with heating Control group: no Circun; ferZr?ce intervention group after 4 weeks;
Devi et al. India controlled Grade 1 obesity wih Ex glici t pranayama (Kapalabhati, intervention; 4 weeks; (WC), Skinfold the control group showed no
2024) [11] re—post WHO criteria); P Bhastrika, Surya maintained regular 5 sessions/week ! improvement or slight increases
prep Suryanamaskar y & Thickness P 5
study design recruited from y Anuloma Viloma; daily activities (abdominal in some parameters, indicating
naturopathy and ~3 min each); total tricens ’ effectiveness of the combined
yoga centers in session ~45 min subsca Pu{ar) yoga protocol in managing
Moodabidri P obesity-related parameters
Psychological:
Perceived stress Within the SN group: significant
. (T-PSS-10); Body improvements (p < 0.05) in
4?);;?;22%::/ composition: BMI, flexibility, hand grip strength, leg
Single- universi Control eroup: Waist-Hip Ratio strength, and VO2 max;
Suwannakul blinded ty group: (WHR), Body fat significant reductions in
. . students Standalone Surya Namaskar yoga sedentary (no 8 weeks; o). . 1 . .
etal, Thailand randomized .. N . Jo; Physiological: perceived stress and BMI;
(19-22 years); Suryanamaskar training program participation in 3 sessions/week .
(2024) [12] controlled . VO2 max; Between groups: significant
- 43 completed structured exercise) . : .
trial (SN group n = 21 Strength: Hand differences favoring SN group in
o ngtrg?g _ 52) ! grip, leg strength; flexibility (p = 0.015) and stress
- Flexibility: (p = 0.009); the control group
Forward-back showed no significant changes.
flexibility
Structured Surya Experimental group showed
33()3??3’;3231: Namaskar regimen: significant improvements in back
(m;gan age ~ 5-12 min warm-up, flexibility (3.20 £ 0.95 cm;
Dubey & Experimental 20.8-20.9 years), 12-15 mlnk | . lexibilitv: Back El: 1.6'45’ p =0.000) anc% himbar
Choud- two-group randomly Standalone Suryanamaskar Control group: Flexibility: Bac exion (1.50 £ 0.75 cm; t = 3.95,
har India retest—post- assioned to Survanamaskar (12 postures held ~6 s routine activities, no 6 weeks flexibility; Lumbar  p = 0.001); control group showed
(2024) }[’29] ptest desg N ox e%imental y each; starting with intervention flexion no significant changes; findings
& (np— 15) and 4 cycles, progressively support effectiveness of
cont;ol (n = 15) increased every Suryanamaskar in enhancing
. - 2 weeks), 5-7 min musculoskeletal flexibility in
groups cool-down and prayer female college students.
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Table 2. Cont.
Study . . e e Intervention Duration & Outcome .1
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
Yoga Group showed significant
improvements: Sit-and-Reach
s (+2.1 inches, p = 0.009), Shoulder
28 college athletes: . . Flexibility . - B
Yoga Group (YG, . Super'v1sec.l yoga Non-Yoga Group: (Sit-and-Reach, Flexibility (+1.0 inch, p = 0.025),
intervention (includin regular Stork Stand (+5.1 s, p = 0.018),
n = 14, handball & & Shoulder P
. . Suryanamaskar sport-specific R and favorable joint angle
Choudhar 12-week quasi-  players; mean age Yoga Program elements): training (static 12 weeks; Yoga Flexibility test); adaptations; Non-Yoga Grou
etal Y India experimental 198 + 1.05 years) wih Expglicit 60 min/ session. twice stretchinggresistance Group: Balance (Stork show};ed neglrigible or %egressi\}/)e
(2025) ['%O] pre-post and Non-Yoga Suryanamaskar  weekl (warm—u, asana trainin 4 aerobic 2 sessions/week Stand test); Joint changes in most variables;
‘ design Group (NYG, Y rac};ice cool—cﬁ;wn) conditigglin ); No (60 min/session) Kinematics (Right si ni;gicant between-grou ,
n = 14, basketball cor1)1ductec,1 rior to oth,er additiongal, Forward Lunge, gifferences observegd inp
players; mean age hvsi Fi .. . . Downward Dog, it-and h d
20.3 + 1.06 years); physical activity intervention Chair Pose angles) Sit-and-Reach (p = 0.04) an
! Stork Stand (p = 0.04), indicating
superior effectiveness of yoga
intervention
Cogl’lbcllrliﬁfirzl .o Functional fitness: Significant improvements in
& Chair Stand 8 P
Suryanamaskar-related experimental group compared to
(lower body -
movement patterns and control in muscular endurance
. endurance), Arm s
34 male balance-centric asanas 12 weeks: Curl (upper bod (upper & lower body), flexibility,
Choudhary Randomized  intermediate-level Yoga Program such as Tree Pose and Control group: supervise él en dfrznce) y agility, and balance; large effect
etal. India controlled tennis athletes with Explicit Warrior III) + regular tennis per ) Sit-and-R ,h sizes particularly in arm curl,
(2025) [31] trial (18-23 years), Suryanamaskar elastic-band resistance training only Sesslons; it-and-teac sit-and-reach, and agility
>80% adherence (flexibility),

Eclipse category

training with
progressive overload,
unilateral loading, and
resisted sprint
integration (weeks 9-12)

Single-Leg Stance
(balance), Timed
Up-and-Go
(agility)

measures; findings indicate
strong neuromuscular and
functional performance
adaptations relevant to tennis.
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Table 2. Cont.

Study . . e Intervention Duration & Outcome .
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
Psychological:
HDRS
(depression),
100 Structured Hatha Yoga HARS (anxiety), Significant improvements in
. . . PSQI (sleep), yoga group compared to control:
perimenopausal program incorporating .
Greene reduced depression (—6.3),
women (Yoga asanas, pranayama, Climacteric Scal nxiety (—6.8), stress (—7.2)
Randomized group n = 50; Yoga Program meditation, and 12 weeks; geienc seate, anxiety S e Y
Badve et al. . ¢ . L . Control group: no ) PSS (stress), poor sleep (—5.4), climacteric
India controlled Control group with Explicit relaxation (including . - 5 sessions/week;
(2025) [19] . intervention . . WHOQOL-BREF symptoms (—9.4), and
trial n=50); mean age:  Suryanamaskar elements related to 75 min/session . . L .
. (quality of life), neuroticism (—9.6); increased
46.5 £+ 4.2 (Yoga), Suryanamaskar practice .
) . . RSES (self-esteem),  self-esteem (+5.6) and quality of
471439 context): 75 min/session, RPN i ; 1
(Control) 5 days/week BFI (neuroticism); ife (+14.4); control group
Additional: showed minimal or no changes
hormonal and
anthropometric
measures
. Struct.ured. yosa Significant improvements in
intervention (including experimental group compared to
30 competitive elements related to Cognitive: d; Test P trol: n}% n P d E itiv
female basketball Suryanamaskar): of Attention; contron enianced cogrive
Two-group . . . focus (p < 0.001), psychological
. players ~45 min/session Psychological: .
.. . randomized .. . resilience (p = 0.004), reduced
Vijayalakshmi (19-24 years), Yoga Program comprising 10 min Control group: 8 weeks; CD-RISC-10 .
. . controlled i, . ¢ . . . . . perceived stress (p = 0.002), and
and Saroja India . divided into with Explicit pranayama, 25 min routine basketball 3 sessions/week (resilience), PSS-10 . -
experimental . . g . . improved agility (p = 0.011);
(2025) [32] experimental Suryanamaskar asanas, and 10 min training only (24 sessions total) (stress); . o, L
(pre—post) _ . - . . substantial gains in vertical jump
desion group (n = 15) and mindfulness/relaxation; Functional: erformance: overall
& control group progressively advanced vertical jump, P !

(n=15)

protocol (breathing,
postures, visualization,
muscle relaxation)

sprint, agility

improvement in
psychophysiological readiness
and functional efficiency
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Table 2. Cont.

Study . . e Intervention Duration & Outcome ..
(Aitel;(:)r &  Country Design Sample/Population  Classification (SN/Yoga Protocol) Comparator/Control Frequency Variables Key Findings
Significant improvements in
Yogic asanas program . . . yoga group: CVE (+8.01%), MS
4 ma;fak;féetbau including Surya czlliféiiﬁfﬁiiy (+8.50%), ME (+11.41%), and FLE
Udiyapuram Randomized (~18-24 years); Yoga Program Namfa skar, Utkatasana, Co.ntrol sroup: 12 weeks; endurance (CVE), (+9:80%) (all p < 0'00.1); < gntrol
. ¢ L Virabhadrasana, continued regular . group showed no significant
etal. India controlled Yoga Asanas with Explicit . 2. 3 sessions/week;  Muscular strength N
. Tadasana, Trikonasana, basketball training . . changes; findings support yoga
(2025) [16] trial (RCT) Group (n =21) Suryanamaskar . 60 min/session (MS), Muscular .
Vrksasana, without yoga as an effective complementary
and Control . endurance (ME), .. . .
Group (n = 20) Bhujangasana, Flexibility (FLE) training modality for enhancing
and Savasana. physical fitness in
basketball players.
Note: AKE—Active Knee Extension; BSSR—Back Saver Sit and Reach; BMI—Body Mass Index; BP—Blood Pressure; CVE—Cardiovascular Endurance; DBP—Diastolic Blood
Pressure; DSN—Dynamic Suryanamaskar; EQ—Emotional Intelligence; FLE—Flexibility; HR—Heart Rate; HRV—Heart Rate Variability; LF—Lumbar Flexion; MVV—Maximum
Voluntary Ventilation; PEFR—Peak Expiratory Flow Rate; PSS—Perceived Stress Scale; PSQI—Pittsburgh Sleep Quality Index; PGWBI—Psychological General Well-Being Index;
RCT—Randomized Controlled Trial; SBP—Systolic Blood Pressure; SN—Suryanamaskar; VO2 max—Maximum Oxygen Consumption.
Table 3. RoB 2 assessment for randomized studies.
D1Bias Arising D2 Bias Dueto 5 por iy e o D4 Bias in D5 Bias in
from the Deviations from . . . Overall RoB
No. Study Outcome Assessed N Missing Measurement of  Selection of the
Randomization Intended 2 Judgement
. Outcome Data the Outcome Reported Result
Process Interventions
Stec et al. Perceived stress/
1 . . . Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns
(2023) [21] emotional intelligence
Ethiraj et al. S . L S
2 1raj eta Back flexibility /lumbar flexion Some concerns Some concerns ow/Some Some concerns Some concerns Some concerns
(2024) [14] concerns
. BMI/
Devi et al. .\
3 (2024) [11] body composition/ Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns
obesity-related outcomes
Suwannakul et al. Perceived stress/anthropometric
4 . . Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns
(2024/2025) [12] parameters/physical fitness
Dubey and Low /Some
5 Choudhary Back flexibility /lumbar flexion Some concerns Some concerns concerns Some concerns Some concerns Some concerns

(2024) [29]
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Table 3. Cont.
D1 Bias Arisi D2 Bias Due t . o s .
tas Ansing las ue to D3 Bias Due to D4 Bias in D5 Bias in
from the Deviations from .. . Overall RoB
No. Study Outcome Assessed N Missing Measurement of  Selection of the
Randomization Intended 2 Judgement
. Outcome Data the Outcome Reported Result
Process Interventions
Functional
Choudhary et al. . -
6 (2025) [31] fitness /strength / flexibility / Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns
. mobility /balance
Badve et al. Depression/anxiety/stress/ . .
7 Some concerns Some concerns Some concerns High Some concerns High
(2025) [19] sleep/QoL/self-esteem & &
Udiyapuram et al. - Low/Some
8 yap Endurance/strength/flexibility Some concerns Some concerns / Some concerns Some concerns Some concerns
(2025) [16] concerns
.. . Cognitive focus/resilience/
Vijayalakshmi and .
9 . perceived stress/ Some concerns Some concerns Some concerns Some concerns Some concerns Some concerns
Saroja (2025) [32] .
functional performance
Note: RoB 2 = Cochrane Risk of Bias 2 tool; D1 = Bias arising from the randomization process; D2 = Bias due to deviations from intended interventions; D3 = Bias due to missing outcome
data; D4 = Bias in measurement of the outcome; D5 = Bias in selection of the reported result; BMI = Body Mass Index; QoL = Quality of Life. Domain-level and overall judgements were
classified according to the Cochrane RoB 2 guidance as ‘Low risk’, ‘Some concerns’, or ‘High risk” of bias.
Table 4. ROBINS-I assessment for non-randomized studies.
D1 Bias Due to D2 Bias in Selection D3 Bias in D;‘z;aisat?ol:sto D5 Bias Due to D6 Bias in D7 Bias in Overall
No. Study Outcome Assessed . of Participants into  Classification of - Measurement Selection of the ROBINS-I
Confounding . from Intended Missing Data
the Study Interventions . of Outcomes Reported Result Judgement
Interventions
Bhutkar et al Muscle strength,
1 (2011) [13] ’ muscular endurance, Serious Moderate /Serious Low /Moderate Serious Moderate Moderate Moderate Serious
) body composition, BMI
Mangaonkar &  Hamstring flexibility /sit-
2 Puntambekar and-reach/active knee Serious Moderate Moderate Serious Moderate Moderate Moderate Serious
(2018) [15] extension
3 Raja (2023) [28] Dep?jj;gﬁé;runk Serious Moderate Moderate Serious Moderate Moderate/Serious Moderate Serious
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Table 4. Cont.
D1 Bias Due to D2 Bias in Selection D3 Bias in D?Dii?iit]i)ol:sto D5 Bias Due to D6 Bias in D7 Bias in Overall
No. Study Outcome Assessed . of Participants into  Classification of A Measurement Selection of the ROBINS-I
Confounding . from Intended Missing Data
the Study Interventions . of Outcomes Reported Result Judgement
Interventions
Chawla et al Sleep quality /general
4 (2022) [27] : well-being / Serious Moderate Moderate Serious Moderate Serious Moderate Serious
HR/BP/BMI
5 Choudhary et al. Flex1b} lity/ b(::llance/ Serious Moderate Moderate Serious Moderate Moderate Moderate Serious
(2025) [30] kinematics
Note: ROBINS-I = Risk Of Bias In Non-randomized Studies of Interventions; D1 = Bias due to confounding; D2 = Bias in selection of participants into the study; D3 = Bias in classification

of interventions; D4 = Bias due to deviations from intended interventions; D5 = Bias due to missing data; D6 = Bias in measurement of outcomes; D7 = Bias in selection of the reported
result; HR = Heart Rate; BP = Blood Pressure; BMI = Body Mass Index. Domain-level and overall judgements were classified according to the ROBINS-I guidance as ‘Low’, ‘Moderate’,

‘Serious’ risk of bias.

Table 5. Summary of Effects of Suryanamaskar and Yoga-Based Interventions on Physical, Physiological, and Psychological Outcomes.

A;:l;)r’ Condition Outcome Measure Pre-Mean (SD) Post Mean (SD) Mean Difference Statistical Significance Effect Magnitude Direction
Males: BP 29.49 + 9.70; Males: BP 36.12 4+ 9.09; . o .
Sit-ups 24.92 + 10.41; Sit-ups 29.84 + 12.64; Males: BP +6.63; M;ltez 22;92272*3 to; 1 Strength &
Bh ) BMI 21.43 + 3.91; BF BMI 20.87 + 3.61; BF Sit-ups +4.92; BMI L p et g
utkar Suryanamaskar Bench Press; 18.84 + 6.29: F les: BP 1842 -+ 5.56: F les: BP —0.56: BF —0.42: Significant for all except BMI —2.44%; BF endurance; | BMI &
. . .29; Females: . .56; Females: .56; A42;
etal. (Males & Sit-ups; BMI; Body . . ) . male body fat (p = 0.06); —2.25%; Females: BP body fat (greater
(2011) [13] Females) Fat % 10.5 + 4.42; Sit-ups 13.16 + 4.44; Sit-ups Females: BP +2.66; others p < 0.0005 +25.33%; Sit-ups improvements in
- 13.16 + 7.75; BMI 19.23 + 8.25; BMI Sit-ups +6.07; BMI - N 4'6 130’/0, BMIIJ p females)
22.41 + 3.88; BF 21.76 + 3.64; BF —0.65; BF —1.92 _3 29%. BF/ —6.95%
27.68 + 5.46 25.76 +4.72 R ’
SN: +12.47° to
Mangaonkar AKE Risht & Left: SN: ~34-35° (AKE), SN: ~47° (AKE), +12.80° (AKE), +7.53 Not reported
& Puntam- Hamstring Back S;gver Sit & ’ ~12-13 ecm (BSSR); DS: ~20-21 ecm (BSSR); DS: to +8.20 cm (BSSR); p < 0.0001 (within-group (described as SN > Dynamic
bekar Flexibility Reach Right & Left ~34-35° (AKE), ~43-44° (AKE), DS: +8.47° (AKE), and between-group) “extremely Stretching
(2018) [15] & ~12-13 cm (BSSR) ~17-18 cm (BSSR) +5.27 to +5.47 cm significant”)
(BSSR)
PSQI 13.93 + 2.66; PSQI9.53 + 1.68; PGWBI
Chawla Experimental PSQI; PGWBI; PGWBI 43.20 + 12.42; 78.33 + 14.76; HR PSQI —4.40; PGWBI Significant for PSQI, Significant for PSQI, Improved sleep &
otal PGroup Heart Rate; HR 90.73 + 9.81; SBP 77.07 + 5.48; SBP +35.13; HR —13.66; PGWBI, HR, SBP, BMI PGWBI, HR, SBP, wgllbeing- 1 P}I)R
(2022) ['27] (Suryanamaskar) Systolic BP; 121.20 + 4.14; DBP 116.67 £+ 2.99; DBP SBP —4.53; DBP (p <£0.019); Not significant BMI; Not significant 1BP | i3MI ’
¥y Diastolic BP; BMI 79.47 4+ 4.34; BMI 78.73 +2.79; BMI —0.74; BMI —0.33 for DBP (p = 0.275) for DBP !
23.34 +3.11 23.01 +3.17
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Pre-Mean (SD)

Post Mean (SD)

Mean Difference

Statistical Significance

Effect Magnitude

Direction

Author, Condition Outcome Measure
Year
Perceived Stress
Stec et al. DSN vs. Control Scale (PSS);
(2023) [21] (Groups I-1V) Emotional
Intelligence (EQ)

PSS (GI): 19.77 + 4.41;
PSS (G II): 18.04 & 4.75;
EQ (G I): 159.92 + 31.78;
EQ (GII): 155.88 + 28.71

PSS (G1): 17.73 + 2.79;
PSS (G II): 20.28 & 4.24;
EQ (G 1I): 171.08 + 29.18;
EQ (G II): 152.00 & 26.39

PSS: —2.04 (G I),
+2.24 (G IN); EQ:
+11.16 (G I),
—3.88(G1II)

Significant reduction in
stress (F (1,48) = 19.5,

p < 0.001); significant
increase in EQ
(F(1,48) =11.133,

p = 0.002); post-test
comparison: PSS p = 0.011
(significant), EQ p = 0.081
(not significant)

Partial n2:
0.198-0.436 (within
groups), 0.188-0.289

(between groups)

J Stress; T Emotional
Intelligence (DSN
superior to control)

Depression: 19.53 + 0.83;
Flexibility: 3.98 & 0.20

Depression: 14.80 £ 0.94;
Flexibility: 4.25 £ 0.19

Depression: —4.73;
Flexibility: +0.27

Depression: t = 4.58,
p < 0.05; Flexibility:
t=3.72,p<0.05
(statistically significant)

Depression: t = 4.58,
F =165.31;
Flexibility: t = 3.72,
F=11.03

J Depression;
T Flexibility

Treatment:
BF 30.47 £ 1.13;
LF 6.80 =+ 1.42; Control:
BF 30.40 £ 0.83;
LF6.27 + 0.88

Treatment:
BF 33.47 +1.12;
LF 8.20 £ 0.86; Control:
BF 30.27 + 0.88;
LF 6.33 £ 0.96

Treatment: BF +3.00;
LF +1.40; Control: BF
—0.13; LF +0.06

Significant in treatment (BF
p <0.001; LF p = 0.002); Not
significant in control
(p > 0.05)

BFt=17.75;LF
t=23.86

1 Flexibility in
treatment; no
meaningful change
in control

Exp: Weight 79.93 £ 7.88;
BMI 32.93 + 1.09;
WC 110.03 4+ 5.79;
Abd 36.07 + 3.54;

Tri 33.73 4+ 2.91; Ctrl:
Weight 82.6 + 5.54;
BMI 33.26 4+ 0.98;
WC 116.87 4+ 9.25;
Abd 36.6 + 1.91;

Tri 33.73 + 2.45

Exp: Weight 77.43 + 7.75;
BMI 31.92 + 1.19;
WC 1082 + 5.6;
Abd 33.80 + 3.58;

Tri 32.07 + 2.9; Ctrl:
Weight 83.17 + 5.47;
BMI 33.50 + 0.96;
WC 117.8 + 8.86;
Abd 36.8 + 1.79;

Tri 34.47 + 2.86

Exp: Weight —2.50;
BMI —1.01; WC
—1.83; Abd —2.27;
Tri —1.66; Ctrl:
minimal or adverse
changes

Significant improvements
in the experimental group
(p < 0.05); no significant
improvement in the control

0.303-0.78 (moderate
to large)

| Body weight, BMI,
and circumferences
in the experimental
group; no
improvement in the
control.

Raja Suryanamaskar Depression; Trunk
(2023) [28] Practice Group Flexibility
o Treatment Back Flexibility
Iigagz; [e]t 4a]1. (Suryanamaskar) (BF); Lumbar
vs. Control Flexion (LF)
Weight; BMI; Waist
. Circumference;
Devi et al. EXII’D enmental)(SN Abdominal
(2024) [11] ranayamaj vs. Circumference;
Control X
Triceps
Circumference
Perceived Stress
Suwannakul (PSS); BMI; WHR;
etal SN Yoga Group Body Fat %;
(2024) ['12] vs. Control Flexibility; Hand
Grip Strength; Leg
Strength; VO2 max

SN: PSS 17.50 + 3.50;
BMI 27.50 + 2.50;
WHR 0.85 + 0.05;
BF% 33.50 + 3.00;
Flex 15.00 £ 2.50;
Grip 24.50 £ 2.00;

Leg 74.00 & 7.50; VO2
max 36.00 + 3.50;

Control: similar baseline
values

SN: PSS 13.50 + 3.00;
BMI 26.00 + 2.50;
WHR 0.80 + 0.05;
BF% 32.50 + 3.00;
Flex 18.00 £ 2.00;
Grip 26.50 £ 2.00;

Leg 79.00 £ 7.00; VO2
max 38.00 + 3.00;

Control: minimal/no

change

SN: PSS —4.00; BMI
—1.50; WHR —0.05;
BF% —1.00; Flex
+3.00; Grip +2.00;
Leg +5.00; VO2 max
+2.00; Control:
negligible changes

Significant within-group
improvements in SN group
(p < 0.05); between-group
significant for PSS
(p = 0.009) and flexibility
(p = 0.015); others not
significant between groups

Not reported
(interpreted via
mean change; study
noted as
underpowered for
effect size detection)

| Stress, BMI, WHR,
body fat; T flexibility,
strength, and VO2
max. Significant
between-group
differences favored
the Suryanamaskar
group for stress and
flexibility.
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Table 5. Cont.

Author,
Year

Condition

Outcome Measure

Pre-Mean (SD)

Post Mean (SD)

Mean Difference

Statistical Significance

Effect Magnitude

Direction

Dubey &
Choudhary
(2024) [29]

Experimental

(Suryanamaskar)

vs. Control

Back Flexibility;
Lumbar Flexion

Exp: BF 31.30 £ 1.05;
LF 7.00 &+ 1.25; Ctrl:
BF 31.10 £ 0.90;
LF 6.50 + 0.80

Exp: BF 34.30 &£ 1.00;
LF 8.50 +£ 0.90; Ctrl:
BF 30.95 + 0.85;
LF 6.55 £ 0.88

Exp: BF +3.00; LF
+1.50; Ctrl: BF —0.15;
LF +0.05

Significant in experimental
group (BF p = 0.000; LF
p = 0.001); not significant in
control (p > 0.05)

Exp: BF t =16.45; LF
t = 3.95; Ctrl: BF
t=1.32;LFt=0.18

1 Flexibility in
experimental group;
no meaningful
change in control

Choudhary
etal.
(2025) [30]

Yoga Group (YG)

vs. Non-Yoga
Group (NYG)

Sit-and-Reach;
Shoulder
Flexibility; Stork
Stand; Joint Angles
(RFL, Downward
Dog, Chair Pose)

YG: SR 21.6 +3.7;
SF —0.2 £2.9;
5513.4 + 6.9; NYG:
SR21.2+238;
SF -1.0 £3.7;
55219 + 8.6

YG: SR 23.7 +2.4;
SF0.8 £2.7;
55185 £ 7.8, NYG:
SR 20.7 £ 3.4;
SF —19 +28;
SS18.0£9.3

YG: SR +2.1; SF +1.0;
SS +5.1; NYG: SR
—0.5; SF —0.9; SS
—3.9; Joint angles
(YG): significant

improvements (e.g.,
hip +11.4°, knee

+4.2°); NYG:
regressive changes
(e.g., hip —10.2°,
knee —10.7°)

Significant improvements

in YG (p = 0.008-0.039); no

significant improvements
or regressions in NYG

(p > 0.05 for main

outcomes; some negative

significant changes in
joint angles)

Reported as
small-large
(study-defined; not
standardized)

1 Flexibility, balance,
and joint mechanics
in YG; | or
regressive changes
inNYG

Choudhary
etal.
(2025) [31]

12-week Yoga +
Elastic-Band
Training

Arm Curl; Chair
Stand;
Sit-and-Reach;
Single-Leg Stance;
Timed Up-and-Go

Arm Curl 15.2 £ 3.6;

Chair Stand 14.3 + 3.9;
Sit-and-Reach 1.5 +2.7;

Single-Leg Stance

10.4 + 3.9, TUG 8.9 £ 0.7

Arm Curl 19.3 + 3.8;
Chair Stand 16.2 +4.1;
Sit-and-Reach 7.3 & 4.0;

Single-Leg Stance
124 +5.1; TUG 7.9 + 0.6

Arm Curl +4.1; Chair
Stand +1.9;
Sit-and-Reach +5.8;
Single-Leg Stance
+2.0; TUG —1.0

Significant improvements
across all outcomes
(p < 0.001)

Arm Curld =1.16;
Chair Stand d = 0.61;
Sit-and-Reach
d =1.35; Single-Leg
Stance d = 0.25
(small); TUG
d=-153

T Strength, flexibility,
balance; | time in
agility

(improvement)

Badve et al.

(2025) [19]

Perimenopause
(Yoga
Intervention)

Depression
(HDRS); Anxiety
(HARS); Sleep
(PSQI); Climacteric
Symptoms; Stress
(PSS); Quality of
Life WHOQOL);
Self-Esteem;
Neuroticism

HDRS 18.6 + 4.2;
HARS 224 +£5.1;
PSQI'12.8 +3.2;
GCS28.6 £ 6.4;
PS525.4 +5.38;
QoL 58.2 + 12.4;
RSES 16.8 +4.2;

Neuroticism 62.4 + 8.6

HDRS 12.3 £ 3.8;
HARS 15.6 + 4.2;
PSQI7.4 + 2.6;
GCS19.2 +£5.1;
PSS 18.2 +4.6;
QoL 72.6 £11.2;
RSES 22.4 + 3.8;
Neuroticism 52.8 + 7.4

HDRS —6.3; HARS
—6.8; PSQI —5.4;
GCS —9.4; PSS —7.2;
QoL +14.4;
RSES +5.6;
Neuroticity —9.6

Significant across all
outcomes (p < 0.001)

d =0.75-0.86
(moderate to large
effects)

J Depression,
anxiety, stress,
neuroticism,
symptoms; T QoL
and self-esteem
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Table 5. Cont.
A;:l;)r’ Condition Outcome Measure Pre-Mean (SD) Post Mean (SD) Mean Difference Statistical Significance Effect Magnitude Direction
Significant
improvements were
Cognitive Focus Exp.: .d2 7124 & 64.1; Expz .d2 652.2 + 56.3; Exp: d2 —60.2; Significant improvements reported in .cc.>gmt1ve
. 1 Resilience 61.3 =+ 4.6; Resilience 68.8 4 4.2; . . . focus, resilience,
Experimental (d2 TP); Resilience; Resilience +7.5; PSS in experimental group Exp: d =0.81-1.84 :
. . PSS 21.7 £ 5.1; PSS154 +4.7; X perceived stress,
C&S (Yoga + Routine Perceived Stress —6.3; V] +4.3; Sprint (p < 0.001-0.003); mostly (large effects); Ctrl: S ;
.. . V] 275+ 4.0; V] 31.8 +4.3; - e . vertical jump, sprint
(2025) [32] Training) vs. (PSS); Vertical Sprint 3.91 + 0.21: Sprint 3.78 + 0.18: —0.13; Agility —0.66;  non-significant in control d =0.16-0.42 P d
Control Jump; 20 m Sprint; print 3. o print 3. -18; Ctrl: small/ (except small V] (small/negligible) pertormance, an
T © Agility 10.92 £ 0.54; Ctrl: ~ Agility 10.26 £ 0.50; Ctrl: L . agility in the
Agility > . . . negligible changes improvement p = 0.048) .
similar baseline values minimal improvements experimental group
compared with the
control group.
Cardiovascular
E;‘igr?\r/}f;ggf Yoga: CVE 28.96 +2.03;  Yoga: CVE 31.28 + 1.26;
Udi ram Yoga Asana St,r neth MS 19.04 + 1.39; MS 20.66 + 1.65; Yoga: CVE +2.12; MS  Significant improvements CVE d =1.18; MS 1 Endurance,
58’:‘1;1“ a Group vs. (Pusi_ﬁ ) ME 22.61 + 2.17; ME 25.19 + 1.12; +1.62; ME +2.58; FLE  in yoga group (p < 0.001); d=092MEd=126; strength, flexibility
: Control ps); FLE 22.33 4 1.52; FLE 24.52 £ 1.03; +2.19; Control: no significant changes in FLEd =251 (yoga group
(2025) [16] Muscular S . . e .
(12 weeks) Endurance Control: similar baseline Control: minimal negligible changes control (p > 0.05) (large effects) superior)
: values changes
(Sit-ups);
Flexibility

Note: The symbols (+) and (—) indicate the direction of change from pre- to post-intervention, representing increases and decreases, respectively. Arrows (/) are used to denote

improvement depending on the nature of the variable, where an increase (1) reflects improvement in performance-related outcomes (e.g., strength, flexibility), and a decrease (] ) reflects
improvement in reduction-based outcomes (e.g., stress, BMI, time).
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A narrative certainty-of-evidence assessment based on GRADE principles indicated
that the overall certainty of evidence was low for physical fitness and physiological out-
comes and very low for psychological and body-composition outcomes, primarily because
of methodological limitations, substantial heterogeneity, and the inclusion of several non-
randomized studies. Detailed certainty ratings and reasons for downgrading are presented
in Supplementary Table S2.

4. Discussion

The current systematic review included 14 studies to assess the effectiveness of
Suryanamaskar and yoga-based interventions on physical, physiological and psycho-
logical outcomes in various population groups. The results frequently showed that these
interventions have numerous multidimensional benefits, reinforcing their effectiveness
as a whole-body exercise modality. In the studies included, we saw improvements in a
variety of domains across all ages, genders and population types, indicating wide appli-
cability. The overall findings suggest that Suryanamaskar and yoga-based interventions
incorporating Suryanamaskar may contribute to improvements in human performance
and health outcomes across multiple domains, although the strength of evidence varies
according to study design and methodological quality. While the overall findings suggest
beneficial effects of Suryanamaskar and yoga-based interventions incorporating Suryana-
maskar across multiple outcome domains, the strength of evidence varied according to
study design. Evidence was generally stronger in randomized and controlled studies,
where between-group comparisons provided greater confidence in the observed effects.
In contrast, findings from uncontrolled pre—post and quasi-experimental studies should
be interpreted with caution because they are more susceptible to confounding factors,
selection bias, and regression-to-the-mean effects. Furthermore, substantial heterogeneity
in participant characteristics, intervention protocols, comparator conditions, and outcome
measures limited direct comparisons across studies and reduced certainty regarding the
magnitude of intervention effects.

4.1. Effects on Physical Fitness

One of the most significant findings of this review is the steady progression of physi-
cal fitness parameters including muscular strength, muscular endurance, flexibility and
balance. Research in this review showed that there were strong increases in both upper and
lower body strength, core stability and functional movement. Bhutkar et al. (2011) found
significant improvements in strength and endurance after a structured Suryanamaskar
program while Ethiraj et al. (2024) noted significant increases in spinal flexibility and Dubey
and Choudhary (2024) noted significant increases in spinal flexibility [13,14,29]. Likewise,
Mangaonkar and Puntambekar (2018) also reported that Suryanamaskar is more effective
in enhancing hamstring flexibility than dynamic stretching [15]. The improvements have
been attributed to the dynamic, repetitive, and weight-bearing nature of Suryanamaskar,
which simultaneously engages multiple muscle groups and enhances neuromuscular co-
ordination and functional movement capacity, findings that are broadly consistent with
previous evidence demonstrating the benefits of multicomponent functional training in-
terventions on physical fitness adaptations in athletic populations [33]. In addition, the
effect of yoga on balance and joint kinematics has been noted in athletic populations, which
further underscores the positive effects of yoga on improving balance and movement
efficiency [16].
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4.2. Physiological Adaptations

The review also brings attention to major physiological changes that occur due to
Suryanamaskar and yoga-based approaches. Among studies that assessed cardiovascular
and physiological outcomes, improvements in VO2 max, resting heart rate, blood pressure,
and related indicators were generally reported. For example, Suwannakul et al. (2024)
showed increases in VO2 max and decreases in body mass index and body fat percentage,
which is related to enhanced cardiorespiratory efficiency [12]. In another study, Chawla
et al. (2022) found decreases in heart rate and blood pressure after doing Suryanamaskar
practice [27]. The results of this study align with the previous studies that indicate yoga
practices have a beneficial effect on autonomic regulation, increase parasympathetic activ-
ity and optimize cardiovascular responses [9,10]. Further, these interventions showed a
decrease in body composition parameters like BMI and waist circumference, which also
suggest the metabolic benefits of these interventions [11]. The dynamic movement of
Suryanamaskar coupled with controlled breathing probably enhances the use of oxygen
and energy metabolism.

4.3. Psychological Outcomes

One of the most important findings of this review is that yoga and Suryanamaskar
interventions are consistently shown to have positive effects on psychological well-being.
Several studies indicated a decrease in stress, anxiety, and depression, as well as an increase
in emotional intelligence, resilience and general well-being. In one study, Stec et al. (2023)
found that students who practiced dynamic Suryanamaskar experienced substantial de-
creases in perceived stress and increases in emotional intelligence [21]. Likewise, Badve
et al. (2025) found significant improvements in scores for psychological health parameters,
such as decreased anxiety and increased quality of life in perimenopausal women [19].
This is congruent with neurophysiological evidence that yoga can modulate systems of
response to stress and enhance emotional regulation via mechanisms that include the
autonomic nervous system and neuroendocrine pathways [17,18]. Breathing, movement,
and mindfulness combined in Suryanamakar are integral to the practice and could be the
main factor in decreasing psychological tension and enhancing mental strength.

4.4. Combined and Multidimensional Effects

Several studies employing multidimensional yoga programmes that incorporated
Suryanamaskar reported favourable outcomes across physical, physiological, psychologi-
cal, and body-composition domains. For example, interventions combining Suryanamaskar
with pranayama, mindfulness practices, or resistance training components were asso-
ciated with improvements in body composition, stress reduction, physical fitness, and
psychological well-being [11,19,31,32]. These findings suggest that yoga programmes incor-
porating multiple complementary components may provide broad health and performance
benefits. However, direct comparisons between combined interventions and standalone
Suryanamaskar interventions were not consistently performed across the included studies.
Therefore, conclusions regarding the superiority of one intervention approach over another
cannot currently be established. Overall, the findings support the concept of yoga as a
multidimensional mind-body practice capable of influencing multiple health domains
simultaneously [23,34].

4.5. Consistency and Strength of Evidence

Although the magnitude of effects varied across studies, most included investiga-
tions reported favorable outcomes following Suryanamaskar and yoga-based interventions
incorporating Suryanamaskar. Positive trends were observed across physical fitness, phys-
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iological, psychological, and body-composition domains, with several studies reporting
statistically significant improvements and moderate-to-large effect sizes, particularly for
flexibility, muscular fitness, stress reduction, and psychological well-being. However, dif-
ferences in study design, participant characteristics, intervention protocols, comparator
conditions, and outcome measures contributed to variability in the observed effects and
should be considered when interpreting the findings. Evidence from randomized and
controlled studies generally provided greater confidence in the reported outcomes than
evidence from quasi-experimental or self-controlled designs. Furthermore, the overall pat-
tern of findings is broadly consistent with previous systematic reviews and meta-analyses
reporting beneficial effects of yoga on physical and psychological health outcomes [35],
thereby providing additional support for the potential value of Suryanamaskar-based
interventions while highlighting the need for further high-quality research.

4.6. Mechanisms Underlying the Observed Effects

The underlying physiological and neuromuscular mechanisms constitute an important
part in understanding the effectiveness of Suryanamaskar and yoga-based interventions.
The specific progression of postures and the controlled breathing sequence result in a
specific relationship between musculoskeletal activation and autonomic regulation. The
movement between the postures increases the engagement of muscles, the joint mobility
and circulation, controlled breathing improves oxygen delivery and autonomic balance [10].
This cross-modality stimulation is believed to help adapt the central and peripheral systems
such as better neuromuscular coordination, improved cardiovascular efficiency and better
metabolic regulation [7,23]. Furthermore, the consciousness of mindfulness practice can
impact neural pathways linked to attention, emotional control, and stress control mech-
anisms, which can help with improving psychological functioning [18,34]. These effects
seem to work together to offer a reasonable explanation for the concurrent gains across
physical, physiological, and psychological areas.

4.7. Variability and Consistency Across Studies

Variation was observed across studies with respect to participant characteristics, study
design, intervention duration, intervention composition, and outcome assessment meth-
ods. Differences between standalone Suryanamaskar protocols and broader yoga-based
interventions incorporating Suryanamaskar, as well as variations in training frequency and
intensity, likely contributed to differences in the magnitude of observed effects. Neverthe-
less, favorable outcomes were reported across a range of populations, including healthy
adults, athletes, university students, older adults, and selected clinical groups. Although
the overall pattern of findings suggests potential benefits across diverse settings, the gen-
eralizability of the results should be interpreted with caution because of methodological
heterogeneity, differences in intervention protocols, and variability in study quality. Fu-
ture research employing standardized interventions and outcome measures is needed to
strengthen confidence in the consistency and applicability of these findings [17,22].

An important consideration when interpreting the present findings is that several
included studies evaluated multidimensional yoga programmes in which Suryanamaskar
was combined with other components such as pranayama, meditation, mindfulness prac-
tices, or resistance-training elements. Consequently, the observed benefits cannot always
be attributed exclusively to Suryanamaskar, and the findings should be interpreted within
the context of the broader intervention framework.

4.8. Limitations of the Study

The study has a few limitations. Although this review was conducted comprehen-
sively and systematically, there are some limitations which need to be recognized. Firstly,
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there was large variability in study participants, intervention duration, frequency and
outcome measures across the studies included, making a meta-analysis impossible. Sec-
ondly, while a great number of studies used randomized controlled designs, a few used
a quasi-experimental or self-controlled design, which may have caused some selection
bias and reduced internal validity. Third, some studies did not report an effect size or
statistical parameters, leading to some difficulties in direct comparison of the size of the
outcomes. Fourth, most of the studies were performed in India, and there is a possibility
that its results may not be generalizable across cultural or geographic contexts. Fifth, the
results could be affected by the different intervention protocols (standalone Suryanamaskar
vs. combined yoga programs). Sixth, there were some studies with relatively small sample
sizes, which can decrease statistical power and enhance the likelihood of a Type II error.
Lastly, the use of published, English-language, peer-reviewed studies may have resulted
in publication bias, which may have eliminated relevant work from grey or non-English
literature. A further limitation of this review is that a formal certainty-of-evidence assess-
ment using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) framework was not conducted. Given the substantial heterogeneity in study
designs, participant characteristics, intervention protocols, comparator conditions, and
outcome measures, quantitative synthesis and standardized certainty assessment across
outcome domains were not considered feasible. Consequently, the overall confidence in the
available evidence should be interpreted with caution, and future reviews incorporating a
larger number of methodologically comparable studies may benefit from applying formal
certainty-of-evidence frameworks.

4.9. Practical Implications

The conclusions of this review have major implications for various groups of stake-
holders such as teachers, coaches, health care professionals, policymakers and the public.
Suryanamaskar can be effectively incorporated into the school and university curriculum
systematically as a space-saving, low-cost and comprehensive exercise training. It can be
used as an element in training routines for coaches and sports practitioners to increase
their flexibility, balance, endurance, and recovery, ultimately boosting their athletic perfor-
mance. Suryanamaskar can be used as a non-pharmacologic therapy for stress, obesity, and
lifestyle-related diseases by healthcare professionals and rehabilitation specialists, as part
of preventive healthcare programs. The current evidence suggests that Suryanamaskar may
represent a practical and accessible movement-based intervention that can be incorporated
into educational, community, recreational, and health-promotion settings. However, given
the methodological limitations and heterogeneity of the available literature, policy-level
recommendations should await confirmation from larger and more rigorous controlled
trials. Overall, the multifaceted advantages discussed in this review highlight that Suryana-
maskar can be implemented as an evidence-based, scalable, and inclusive intervention
across the performance, health, and wellness domains.

5. Conclusions

The findings of this systematic review suggest that Suryanamaskar and yoga-based
interventions incorporating Suryanamaskar may contribute to improvements in physical
fitness, physiological function, psychological well-being, and body composition across
diverse populations. Positive effects were most consistently observed in muscular strength,
endurance, flexibility, balance, cardiovascular fitness, and psychological outcomes such
as stress, anxiety, and depressive symptoms. The combination of dynamic movement,
controlled breathing, and attentional focus may provide a holistic approach capable of
influencing multiple health-related domains simultaneously. However, these findings
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should be interpreted with caution due to heterogeneity in study designs, participant
characteristics, intervention protocols, and outcome measures, as well as the difficulty
of isolating the specific effects of Suryanamaskar from broader yoga-based interventions.
Nevertheless, the available evidence suggests that Suryanamaskar may represent a practical
and accessible component of physical education, athletic training, and health-promotion
programs. Although favourable outcomes were reported across multiple domains, several
interventions incorporated additional yoga practices or exercise components alongside
Suryanamaskar. Therefore, the independent contribution of Suryanamaskar to the observed
effects cannot always be clearly distinguished. Future research should employ rigorous
randomized controlled designs, larger and more diverse samples, standardized intervention
protocols, and consistent outcome reporting to strengthen the evidence base and improve
the generalizability of findings.
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