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Examining the Interdisciplinary Confluences of Yoga through 
Biomedical Lenses  
  

 

Abstract: Yoga, an ancient practice rooted in Indian tradition, encompasses physical, mental, 

and spiritual disciplines. Yoga is described in the Bhagavad Gita as a way to achieve spiritual 

insight and self-realisation, encouraging composure and generous deeds. Yoga provides a 

comprehensive approach to well-being, promoting mental clarity, bodily health, and spiritual 

growth by integrating philosophical concepts from Samkhya and Vedanta. Although yoga was 

originally thought to be a spiritual practice, it has since been widely acknowledged for its health 

advantages as scientific studies have clarified its physiological and psychological workings. 

Notwithstanding its widespread appeal, there are still obstacles to comprehending yoga's 

benefits, especially concerning biomarkers linked to stress, inflammation, and genetic 

expression. Methodological constraints, such as small sample numbers and heterogeneity in 

yoga practices complicate the results of studies. Nevertheless, research has shown that yoga 

can enhance respiratory health, cardiovascular health, and physical performance. Additionally, 

telomere dynamics and oxidative stress reduction may benefit from yoga practice. Rigid 

methodology and cultural sensitivity are needed to address these research issues and improve 

the validity and relevance of findings. Future research should concentrate on standardising 

yoga therapies and examining the long-term advantages of incorporating yoga into 

conventional healthcare successfully. This paper explores the biological implications of 

contemporary yoga therapies, analyses yoga's significance in global health and wellbeing, and 

suggests future directions for yoga research. 
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Introduction: Yoga is an ancient concept embedded in Indian tradition and integrates physical, 

mental, and spiritual disciplines. The Bhagavad Gita, a seminal text, conceptualises yoga as a 

pathway to spiritual wisdom and self-realisation through devotion (Bhakti), action (Karma), 

and knowledge (Gyan). It underscores the significance of selflessly performing one's duties 

and maintaining equanimity amidst success and failure. 

Yoga also coordinates standards from the philosophical frameworks of Samkhya and Vedanta. 

Samkhya offers a dualistic perspective, differentiating between Purusha (consciousness) and 

Prakriti (matter), whereas the Vedanta promotes a non-dualistic view, positing the unity of the 

individual soul (Atman) and the universal soul (Brahman). By synthesising these philosophical 

doctrines, yoga presents a comprehensive approach to well-being, encompassing physical 

health, mental clarity, and spiritual development. Practitioners aim to foster inner peace, self-

awareness, and a profound connection with the surrounding world, ultimately aspiring for 

liberation (Moksha) from the cyclical nature of existence (Easwaran, 2007; Saraswati, 2013; 

Upreti, 2011). 

Historically, yoga is perceived as a spiritual and philosophical discipline, but recently yoga has 

achieved global acclaim for its diverse health benefits. Different scientific investigations have 

elucidated the physiological and psychological mechanisms contributing to yoga's 

effectiveness (Donahoe-Fillmore and Grant, 2019; Pal et al., 2015; Sengupta, 2012; Woodyard, 

2011). Yoga has increasingly captivated the focus of contemporary scientific inquiry as it is a 

potent tool for enhancing physical health, mental well-being, and overall quality of life. 

Nevertheless, despite its growing prominence, profound challenges persist in achieving a 

comprehensive understanding of its multifaceted effects. Meanwhile, mechanisms for stress 

reduction, hormones and modulation of neurotransmitters are documented by various research 

reports (Prathikanti et al., 2017; R et al., 2023; Sarkar et al., 2021; Sengupta, 2012; Streeter et 

al., 2010; Woodyard, 2011) but others remain less elucidated. Further exploration is required 

to explore in-depth questions related to how yoga influences inflammatory markers, oxidative 

stress levels, and epigenetic modifications. Such investigations are essential for gaining 

profound insights into the health-promoting effects of yoga and for guiding the development 

of precise therapeutic strategies. This article examined modern yogic interventions and their 

potential biomedical implications through a diversified research array. Simultaneously, the 

discussion about methodological limitations, individual variances, underlying physiological 

mechanisms, and the pivotal role of biomarkers in the context of yogic practices also be 



 

3 
 

reviewed. Despite the widespread adoption of yoga, substantial challenges hinder a 

comprehensive understanding of its effects. This article addresses these challenges, identifies 

pertinent biomedical indicators for validation, and suggests pathways to propel yoga research 

forward. 

Cellular Defence and Oxidative Stress: Various studies confirm that antioxidants play a 

critical role in clinical settings by neutralising harmful free radicals, thus protecting cells from 

oxidative damage implicated in multiple diseases, including cardiovascular disorders and 

cancer. They protect cells from damage caused by free radicals, potentially reducing disease 

progression and improving overall health. Their ability to mitigate oxidative stress underscores 

their therapeutic potential in maintaining overall health and combating age-related 

degenerative conditions.(Ames, 1999; Halliwell, 2006; Pizzino et al., 2017). Glutathione is a 

tripeptide composed of glutamate, cysteine, and glycine, playing a central part in cellular 

antioxidant protection. It acts as a crucial non-enzymatic antioxidant, neutralising reactive 

oxygen species maintaining redox homeostasis within cells and protecting them against 

oxidative stress-induced damage (Ballatori et al., 2009; Forman et al., 2009). In a study 

involving male Indian Navy volunteers who practised yoga, there was a notable increase in 

GSH levels from 235.3 ± 16.9 nmol/L to 331.7 ± 37.6 nmol/L. Conversely, a pilot investigation 

with pre-diabetic individuals demonstrated no statistically significant alteration in GSH levels 

following three months of yoga practice (Hegde et al., 2013). Additionally, in another study, 

researchers found that consistent engagement in yoga practice demonstrated significant 

reductions in oxidative stress and enhancements in the body's antioxidant levels. Additionally, 

yoga positively impacted the release of stress hormones and contributed to modest 

improvements in immune function. In contrast, the yoga intervention resulted in a 2.1-fold rise 

in GSH levels among healthy university students (Lim and Cheong, 2015). In an additional 

study, researchers target other important enzymes namely Super Oxide Dismutase (SOD) and 

catalase (CAT) both of these enzymes help to manage oxidative stress generated by superoxide 

free radicals (O2−•). Their findings indicated that among patients with end-stage renal illness, 

four months of hatha yoga improved the SOD activity by 4.65% and the catalase activity by 

0.09% (Gordon et al., 2013). After three months of yoga, SOD activity rose dramatically in 

healthy persons but it significantly decreased in pre-diabetic patients during the same period. 

(Hegde et al., 2013; Pal et al., 2015).  

DNA Damage, Repair Mechanisms, and Telomere Dynamics: Ageing is a complex process 

characterised by the gradual decline of physiological functions, rendering individuals more 
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susceptible to diseases, debility, and ultimately mortality. At the genomic level, ageing is 

intricately linked to DNA damage caused by various factors, including reactive oxygen species 

(ROS), chemical agents, ultraviolet/infrared radiation, and spontaneous hydrolytic reactions 

(López-Otín et al., 2013). To mitigate this damage, cells employ sophisticated DNA repair 

mechanisms which are described in various detailed scientific studies (Brosh et al., 2023; Petr 

et al., 2020). Recent scientific investigations have underscored the critical role of telomerase 

activity and telomere length in cellular senescence prevention. Telomeres, repetitive nucleotide 

sequences located at the ends of chromosomes, serve as protective caps, shielding 

chromosomes from damage and fusion. However, ageing and age-related diseases are closely 

associated with telomere shortening, exacerbated by inflammation and oxidative stress. The 

gradual loss of telomere-protective sequences accelerates the ageing process (Brosh et al., 

2023; López-Otín et al., 2013). 

Emerging evidence suggests that yoga interventions may positively impact telomerase activity 

and telomere length. A study by Tolahunase et al. demonstrated that a 12-week yoga 

programme led to significant reductions in 8-hydroxy-2’-deoxyguanosine (8-OH2dG) levels (a 

marker of oxidative DNA damage) and reactive oxygen species (ROS). Simultaneously, the 

total antioxidant capacity (TAC) increased, and telomerase activity showed enhancement. 

While telomere length exhibited an increase, this particular outcome did not reach statistical 

significance (Kumar et al., 2015; Tolahunase et al., 2017). These findings provided insight to 

explore the potential of yoga as a modality to mitigate cellular ageing processes by influencing 

telomere dynamics. Further research is warranted to elucidate the precise mechanisms 

underlying this beneficial effect and to explore the clinical implications for healthy ageing and 

disease prevention. It is important to understand, whether and how these findings are related to 

intricate interactions between DNA damage and repair pathways are essential for unravelling 

the molecular basis of ageing and developing strategies to promote healthy ageing and 

longevity.  

Cardiovascular Health, Respiratory Function, and Physical Performance: Yoga confers 

significant advantages for physical well-being. Research indicates that it enhances 

cardiovascular health through improvements in heart rate variability (HRV), reductions in 

blood pressure, and enhancements in lipid profiles, suggesting enhanced autonomic regulation 

and decreased cardiovascular risk (Innes et al., 2005). Moreover, yoga practices augment 

flexibility, strength, and balance, thereby potentially reducing the likelihood of injuries and 

enhancing overall physical performance (Bhowmik Bhunia and Ray, 2024; Donahoe-Fillmore 
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and Grant, 2019; Vaidya et al., 2021). It is also reported that when researchers mapped the 

effects of yoga intervention by conducting a “step test” it was revealed that six weeks of yoga 

training reduces sweating response during a step test and enhances respiratory pressures and 

endurance in both male and female participants (Madanmohan et al., 2008). Another study 

found that twelve weeks of yoga significantly improved maximum expiratory and inspiratory 

pressures, breath-holding times, and handgrip strength (Madanmohan et al., 1992) . Similarly, 

a six-week pranayama course led to lowered respiratory rates, increased vital capacity, and 

improved ventilatory functions (Makwana et al., 1988).  

Yoga and pranayama have been demonstrated to induce beneficial biochemical modulations 

that contribute to the management of cardiovascular diseases. These practices enhance heart 

rate variability (HRV), reduce oxidative stress, and lower levels of pro-inflammatory markers, 

thus improving autonomic regulation and reducing cardiovascular risk factors. Furthermore, 

yoga and pranayama decrease cortisol levels and modulate neurotransmitter activity, thereby 

alleviating stress and promoting cardiovascular health (Bhattacharya et al., 2002; Innes et al., 

2005). Additionally, in a study, it was found that these practices reduce cortisol and 

catecholamine levels, which are concerned with the pathogenesis of cardiovascular conditions 

(Srihari Sharma et al., 2019). These findings highlighted how yoga strengthens respiratory 

muscles through isometric contractions, akin to skeletal muscle training. Increased lung volume 

and better control over respiratory stimuli contribute to prolonged breath-holding times and 

improved cardiorespiratory performance. 

Challenges in Yoga-Based Scientific Research:  

Yoga-based scientific research, while increasing, faces several limitations that affect the 

robustness and generalisability of its findings. One primary limitation is the variability in yoga 

practices. Yoga encompasses a wide range of styles, techniques, and intensities, from gentle 

Hatha yoga to vigorous Ashtanga yoga, making standardisation in research challenging. This 

diversity can lead to inconsistent results and complicate comparisons across studies  

Standardizing yoga interventions is critical for ensuring that research outcomes are comparable 

and reliable across different studies (Cramer et al., 2014; Kalra et al., 2022). 

Another significant limitation is the methodological quality of many studies. Numerous yoga 

studies suffer from small sample sizes, lack of randomisation, and inadequate control groups, 

which weaken the validity of their conclusions. For instance, many studies do not use active 

control groups, which are crucial for isolating the specific effects of yoga from general physical 
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activity or placebo effects (Posadzki et al., 2015). The use of well-designed randomised 

controlled trials (RCTs) with appropriate control groups is essential for drawing valid 

conclusions about the efficacy of yoga interventions (Kalra et al., 2022). Additionally, in 

numerous case studies, the absence of a control group complicates the attribution of results to 

yoga interventions (Lavretsky et al., 2013; Tolahunase et al., 2017). Additionally, some studies 

combine yoga with medications, physical exercise, or music therapy, making it challenging to 

isolate yoga's specific effects on biological indicators. Moreover, certain studies prioritise 

establishing cause-and-effect relationships without delving into the underlying mechanisms 

(Dhameja et al., 2013; Gordon et al., 2013; Lim and Cheong, 2015). 

The subjective nature of many outcome measures in yoga research also poses challenges. 

Psychological benefits, such as reduced stress and improved well-being, are often assessed 

through self-reported questionnaires, which can be susceptible to bias and may not accurately 

reflect actual changes in mental health (Pilkington et al., 2005). Objective measures, such as 

physiological biomarkers and neuroimaging, should complement self-reported data to provide 

a more comprehensive understanding of yoga's effects. Furthermore, there is a lack of long-

term follow-up studies to assess the sustainability of yoga's benefits over time. Longitudinal 

studies are necessary to determine whether the positive effects of yoga persist and to identify 

any long-term benefits or potential risks (Sarkar et al., 2021; van Aalst et al., 2020). 

Cultural and contextual differences can also impact the applicability of research findings. Yoga, 

with its roots in Indian philosophy and spirituality, may not have the same effects or be 

practised with the same fidelity in different cultural contexts, potentially limiting the 

generalizability of results. Researchers should consider cultural adaptations and ensure that 

interventions are culturally sensitive to enhance the relevance and applicability of their findings 

across diverse populations (Bożek et al., 2020; Oman et al., 2018). To address these limitations, 

future research should aim for larger, more diverse sample sizes, employ rigorous randomised 

controlled trial designs, and incorporate both objective and subjective outcome measures. 

Additionally, standardising yoga interventions and ensuring cultural sensitivity will enhance 

the reliability and applicability of yoga-based research findings. Addressing these 

methodological and contextual challenges will strengthen the evidence base for yoga and 

facilitate its integration into mainstream healthcare practices. 

Conclusion: Yoga, rooted in ancient Indian tradition, intertwines physical, mental, and spiritual 

disciplines to foster holistic well-being. Its integration of philosophical systems like Samkhya 

and Vedanta underscores a comprehensive approach to personal and spiritual development, 
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advocating for equanimity and self-realisation. In contemporary scientific inquiry, yoga has 

garnered recognition for its diverse health benefits, elucidating physiological mechanisms that 

enhance physical health and mental clarity. However, significant challenges persist in fully 

understanding its multifaceted effects. 

Scientific investigations have begun to unravel how yoga influences biomarkers associated 

with stress, inflammation, and genetic expression. Yet, methodological inconsistencies and the 

subjective nature of outcome measures hinder comprehensive conclusions. Addressing these 

challenges demands rigorous research methodologies, including larger sample sizes and robust 

control groups. Longitudinal studies are essential to ascertain the sustainability of yoga's 

benefits and to explore its potential across diverse cultural contexts. 

Moreover, exploration of yoga's impact on cellular defence mechanisms, DNA repair, telomere 

dynamics, and cardiovascular health reveals promising avenues for future research. By 

elucidating these pathways, we can advance personalised therapeutic approaches and deepen 

our understanding of yoga's role in promoting longevity and well-being. Ultimately, bridging 

these gaps will enhance the integration of yoga into mainstream healthcare practices, offering 

profound implications for global health and wellness. 
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