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Abstract
Non-pharmacological therapies play a crucial role in managing non-communicable diseases, providing 
alternatives to conventional medical treatments. Non-pharmacological therapies include Yoga, which 
combines physical postures, breath control and meditation to promote both physical and mental well-
being. However, the neurocognitive mechanisms underlying the therapeutic effects of yoga, particularly 
its influence on Self-Referential Processing (SRP), remain poorly understood. SRP is fundamental for 
self-awareness, emotional regulation and decision-making, with key brain regions including the medial 
prefrontal cortex, posterior cingulate cortex and precuneus. Yoga practice has been linked to structural 
changes in these areas, including enhanced gray matter volume and improved connectivity within the 
Default Mode Network (DMN), both of which are important for SRP. These neuroplastic effects, including 
increased cortical thickness and neurogenesis, suggest that yoga fosters cognitive flexibility and emotional 
resilience. Functional neuroimaging studies show altered DMN connectivity in yoga practitioners, 
indicating improved modulation of self-referential thoughts and reduced rumination, which is commonly 
seen in mood disorders. However, direct research on yoga’s impact on SRP through neuroimaging is 
limited. This study aims to investigate the neural mechanisms through which Yoga practice influences 
SRP, potentially offering insights for therapeutic interventions targeting cognitive distortions related 
to mental health conditions. We also highlight peripheral biomarkers that warrant investigation to link 
contemplative practices with neuroprotective mechanisms and to inform future translational studies.

Keywords: Yoga; Self-referential processing; Neurocognitive mechanisms; Default mode network; 
Emotional regulation
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Introduction
Non-pharmacological therapies, such as yoga, have gained widespread recognition for 

their multifaceted benefits on physical, mental and emotional well-being. Yoga, an ancient 
practice originating from India, initially served as a spiritual and philosophical discipline but 
has evolved into a modern therapeutic modality that integrates āsanas (physical postures), 
prāṇāyāma (breathing Practices) and dhyāna (meditation). Extensive research over the past 
few decades has elucidated the positive effects of yoga on various psychological conditions, 
including depression, anxiety and stress [1,2]. Yoga promotes a state of mind-body integration, 
enhancing mindfulness and self-regulation, which may contribute to its therapeutic efficacy. 
Although the benefits of yoga are widely accepted, the neurocognitive mechanisms underlying 
these effects remain an area of growing interest, particularly its influence on SRP. Self-
referential processing is central to the cognitive framework that allows individuals to engage 
with self-relevant stimuli. It plays a crucial role in memory retrieval, emotional regulation 
and decision-making [3]. The capacity to process information from a self-relevant perspective 
is essential for maintaining a coherent self-concept and navigating complex social and 
emotional experiences. Neuroimaging research has identified several brain regions critical for 
SRP, including the Medial Pre Frontal Cortex (mPFC), Posterior Cingulate Cortex (PCC), and the 
precuneus [4]. These structures are integral components of the DMN, a set of interconnected 
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brain areas that exhibit heightened activity during introspective and 
self-referential tasks [5]. Disruptions in DMN activity and SRP have 
been implicated in a variety of psychiatric disorders, particularly 
mood disorders, such as depression and anxiety, where individuals 
demonstrate heightened self-focus and negative self-evaluation [6].

Recent studies have indicated that yoga practice may induce 
structural and functional alterations in brain regions associated 
with SRP, suggesting a potential therapeutic avenue for enhancing 
self-regulation and alleviating symptoms of psychological distress 
[7]. Yoga practitioners have been shown to exhibit increased gray 
matter volume in areas such as the mPFC and PCC [8]. These 
structural changes may facilitate improved cognitive functions 
related to self-awareness, emotional regulation and introspection. 
Furthermore, Functional Magnetic Resonance Imaging (fMRI) 
studies have revealed that yoga practitioners demonstrate altered 
connectivity within the DMN, with increased functional coupling 
between the DMN and executive control networks [9]. This altered 
connectivity pattern may indicate a more efficient modulation of 
self-referential thought processes, potentially reducing maladaptive 
cognitive patterns such as rumination. By uniting physical postures, 
conscious breathing, and mindful awareness, yoga engages the 
brain through both top-down and bottom-up neural mechanisms. 
Prāṇāyāma has been linked to modulation of the autonomic 
nervous system, reducing sympathetic activation and enhancing 
parasympathetic activity, which in turn impacts brain regions 
involved in emotional regulation [10]. Meditative practices further 
activate prefrontal regions that are responsible for monitoring 
and managing self-related thoughts. This dual influence of bodily 
awareness and cognitive control offers a comprehensive framework 
through which yoga may influence SRP and related neural circuits. 
Through consistent practice, individuals may develop an enhanced 
capacity for self-reflection and emotion regulation, which could be 
beneficial in managing conditions characterized by dysfunctional 
SRP, such as depression and anxiety.

Despite the growing body of evidence supporting the 
neurocognitive benefits of yoga, research specifically addressing its 
influence on SRP is limited. Most studies have primarily focused on 
general cognitive improvements or emotional regulation, without 
isolating SRP as a distinct cognitive function. Furthermore, while 
neuroimaging studies have demonstrated structural and functional 
changes in brain regions involved in self-referential thought, few 
have directly linked these changes to yoga practice. There is also a 
significant gap in understanding the differential effects of various 
components of yoga, such as āsanas, prāṇāyāma, and dhyāna on 
self-related cognitive functions. Moreover, longitudinal studies 
investigating yoga practice and its neurocognitive impact remain 
sparse, with most research limited to short-term interventions or 
cross-sectional designs. Thus, a detailed exploration of the impact 
of yoga on SRP, particularly in long-term practitioners, is needed 
to better understand the mechanisms through which yoga may 
modulate self-related cognitive functions and improve mental well-
being.

The rationale for this study stems from the need to fill the gaps 
in current research by investigating the neurocognitive effects 

of yoga practice on SRP. This study aims to provide empirical 
evidence on how sustained yoga practice modulates neural activity 
and structural changes in regions involved in SRP, including the 
mPFC, PCC, and precuneus. Using a combination of neuroimaging 
techniques and behavioral assessments, the study explored the 
specific neural mechanisms underlying the effects of yoga on self-
referential processing. This research is crucial for understanding 
how yoga may function as a therapeutic tool for mental health 
conditions that involve dysfunctional SRP, such as depression and 
anxiety. By exploring the neurocognitive pathways through which 
yoga influences SRP, the study will also provide valuable insights 
into the broader effects of contemplative practices on cognition and 
emotional regulation.

Through this investigation, we aim to contribute to the 
growing field of contemplative neuroscience by offering a deeper 
understanding of the neural mechanisms through which yoga 
influences self-referential processing. Ultimately, this research 
may further our understanding of the neurocognitive effects of 
yoga practice and inform clinical applications aimed at treating 
self-related cognitive distortions and enhancing psychological 
well-being. This study may not only advance scientific knowledge 
in the field of yoga neuroscience but also inform the development 
of more targeted and effective interventions for mental health 
disorders that are rooted in negative self-perceptions and self-
focused rumination. As yoga continues to gain global popularity, 
understanding its neurocognitive effects becomes increasingly 
relevant for both clinical and therapeutic purposes. By focusing 
specifically on the neurocognitive influence of yoga practice on 
SRP, this study aims to contribute valuable insights to the fields of 
neuroscience and psychology, offering new perspectives on how 
mind-body practices can optimize mental health interventions 
and promote emotional resilience across diverse populations. 
An important complementary line of inquiry is the assessment 
of peripheral biomarkers that may reflect the systemic and 
neuroprotective effects of contemplative practices. Emerging work 
suggests lifestyle and mind-body interventions can modulate 
neurotrophic, metabolic, and inflammatory markers, measures 
including Brain-Derived Neurotrophic Factor (BDNF), cortisol, 
inflammatory cytokines (e.g., IL-6, CRP), and Sirtuin-1 (SIRT1), 
a NAD⁺-dependent deacetylase implicated in cellular stress 
resistance and neuroprotection. Including biomarker assessments 
alongside neuroimaging would help link peripheral physiology with 
central changes in self-referential networks and offer translational 
endpoints for studies targeting brain aging and neurodegeneration.

Neurocognitive Effects of Yoga Practice
Structural brain changes

Structural brain changes induced by yoga practice are critical 
to understanding its impact on SRP. Research indicates that yoga 
practitioners show increased gray matter volume in areas associated 
with SRP, including the mPFC and PCC. These brain regions are 
crucial for self-reflection, autobiographical memory and emotional 
regulation [11], all of which are fundamental components of SRP. 
Gray matter is composed of neuronal cell bodies and is involved in 
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processing and transmitting information. Increases in gray matter 
volume suggest that yoga can stimulate neuroplasticity [12], which 
may enhance cognitive functions related to self-awareness and 
emotional regulation. This neuroplasticity is likely a result of regular 
yoga practice, which enhances mindfulness, attention control and 
introspection, cognitive processes known to stimulate the capacity 
of the brain for adaptation and reorganization [13]. Increased gray 
matter volume in the mPFC and PCC, areas heavily involved in SRP, 
suggests that yoga practice may enhance the ability to process 
self-relevant information more effectively [14]. The influence of 
Yoga on brain structure may also be due to the practice’s ability to 
increase neurogenesis, the process through which new neurons are 
generated. Neurogenesis has been shown to be particularly active 
in regions like the hippocampus and the mPFC, which are involved 
in emotional regulation and memory processing [15].

Yoga is an integration of physical movement and mindful 
awareness that may stimulate neurogenesis by promoting BDNF, a 
protein that supports neuron growth and survival [16]. Enhanced 
neurogenesis in the mPFC and PCC may therefore contribute to 
improved self-regulation and more adaptive SRP. Moreover, the 
practice of yoga is associated with increased cortical thickness 
in areas involved in self-regulation [17]. Cortical thickness is an 
important indicator of brain health and cognitive functioning. 
Thicker cortices in the mPFC and PCC suggest that yoga 
practitioners may have enhanced cognitive resources for managing 
self-referential thoughts [18]. This increase in cortical thickness is 
thought to reflect the capacity of the brain to process and regulate 
self-related information more efficiently, leading to improved SRP.

Functional connectivity alterations

The ability to process self-referential information effectively 
relies heavily on the functional connectivity of the brain regions 
associated with self-reflection and emotion regulation. Yoga 
practice has been shown to alter the functional connectivity of 
brain regions involved in SRP, particularly those within the DMN 
[19]. The DMN, which includes the mPFC, PCC and precuneus, is 
responsible for internally directed cognition such as self-reflection 
and autobiographical memory retrieval. Studies using Functional 
Magnetic Resonance Imaging (fMRI) have demonstrated that yoga 
practitioners exhibit increased connectivity between regions of the 
DMN [19]. This enhanced connectivity is thought to contribute to 
improved self-regulation of self-referential thoughts. Specifically, 
yoga appears to enhance the coupling between the mPFC and PCC, 
which are key regions involved in managing emotional responses 
and processing self-relevant information [19]. Enhanced coupling 
within the DMN suggests that yoga practitioners may experience 
more efficient modulation of SRP, potentially reducing the intensity 
and frequency of negative self-focused thoughts, including 
rumination. Yoga also impacts the inter-network connectivity 
between the DMN and executive control networks [20], which are 
responsible for higher-order cognitive functions such as cognitive 
flexibility and attention regulation. Increased connectivity 
between the DMN and these cognitive networks suggests that yoga 
practitioners may have better control over self-referential thought 
processes, allowing them to shift between self-reflection and external 

focus more effectively [21]. This enhanced connectivity between 
internally and externally directed networks likely contributes 
to better emotional regulation and cognitive flexibility, which 
are essential for adaptive SRP. Moreover, functional connectivity 
changes in yoga practitioners have been linked to reduced activity 
in maladaptive neural pathways associated with excessive self-
focus. Research indicates that yoga can lead to decreased activation 
of regions associated with rumination and negative self-evaluation 
[22], helping individuals manage self-referential thoughts more 
effectively. By reducing the neural activity associated with negative 
self-referential processing, yoga may promote a healthier and more 
balanced self-concept.

Behavioral and cognitive outcomes

Neurocognitive benefits of Yoga extend to behavioral and 
cognitive outcomes, particularly those related to self-regulation 
and SRP. Yoga practitioners tend to show improvements in 
emotional regulation, cognitive flexibility and working memory, 
all of which are essential for adaptive SRP [23,24]. These cognitive 
enhancements are thought to arise from the integrated nature of 
yoga, which combines physical movement, breath control, and 
meditative awareness. Yoga practitioners demonstrate a greater 
capacity for self-reflection and improved self-compassion [25], 
which may contribute to more positive SRP. By fostering a balanced 
and accurate self-concept, yoga practitioners may experience 
better emotional regulation and a healthier relationship with 
their self-referential thoughts. Yoga has been linked to reduced 
rumination, a cognitive pattern characterized by repetitive negative 
thinking about oneself, which is often associated with depression 
and anxiety [26].

The integration of mindfulness practices in yoga also leads to 
increased cognitive flexibility, which enhances the ability to shift 
between different self-referential perspectives. This increased 
flexibility is crucial for adapting self-related thoughts, such as 
managing negative emotions or adjusting self-evaluations in 
light of new information. As a result, yoga may help practitioners 
adopt more adaptive and constructive patterns of SRP, which are 
associated with better mental health outcomes [27]. Moreover, 
yoga’s focus on breath control and meditation promotes a state 
of mindfulness that enhances attention regulation and emotional 
awareness. By focusing attention on the present moment and 
observing self-referential thoughts non-judgmentally, yoga 
practitioners may experience a greater sense of psychological 
equanimity. This enhanced mindful awareness helps reduce the 
tendency to over-identify with negative self-referential thoughts, 
fostering a more balanced and objective self-concept.

Mindfulness and emotional regulation

Yoga practice has shown significant benefits in enhancing 
emotional regulation, which refers to the ability to manage and 
respond to emotional experiences in a balanced and adaptive 
manner [22]. The core components of yoga, mindfulness, breathing 
exercises (pranayama) and physical postures, have been linked 
to both neuroplastic changes in brain structures and functional 
improvements in emotional control. Research suggests that 
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mindfulness meditation within yoga enhances self-awareness, 
enabling practitioners to observe and regulate their emotional 
responses [28]. This increased mindfulness leads to better attention 
control, which helps individuals reduce impulsivity and become 
more aware of their emotional states. Moreover, yoga practice has 
been shown to reduce rumination, a form of maladaptive emotional 
processing, by fostering an equanimous mindset that improves 
emotional resilience. This is particularly important for managing 
stress, anxiety and negative emotional responses. Yoga’s impact on 
emotion regulation is rooted in its ability to influence the autonomic 
nervous system, increasing parasympathetic activity and reducing 
the sympathetic nervous system’s response to stress [29].

This helps regulate heart rate, blood pressure and cortisol 
levels (a stress hormone), promoting a calm state. Brain imaging 
studies show that yoga increases gray matter in areas related to 
emotional control, such as the Pre Frontal Cortex (PFC), which 
plays a pivotal role in self-regulation and decision-making [8]. The 
hippocampus is involved in memory and emotional processing and 
has shown increased activity, suggesting that yoga can improve 
emotional memory processing and resilience to emotional 
stress [30]. Furthermore, the Anterior Cingulate Cortex (ACC), 
which helps in error detection and emotional regulation, shows 
enhanced connectivity, facilitating better emotional responses to 
conflicts and stress. The amygdala, the brain’s center for fear and 
threat detection, becomes less reactive, indicating that yoga helps 
reduce overactivation of this region, which is often associated with 
anxiety and stress [31]. Thus, yoga practice impacts a variety of 
brain regions that collectively contribute to enhanced emotional 
regulation, promoting adaptive responses to emotional challenges. 
The combination of structural and functional changes in these 
areas enables practitioners to better manage emotions, improve 
coping strategies, and increase overall emotional well-being.

Impulse Control and Regulation

Impulsivity is generally considered a dimension of self-
regulation, which is a broader psychological concept that 
encompasses both emotion regulation and cognitive control. 
From this standpoint, impulsivity is viewed as a failure of self-
regulation, where individuals may act out of immediate emotional 
urges rather than using cognitive control to guide their actions 
more thoughtfully or adaptively. This psychological view suggests 
that individuals with high impulsivity often experience challenges 
with delayed gratification, self-restraint and goal-directed behavior 
[32]. Self-referential brain functions, which are responsible for self-
awareness, self-reflection and emotional regulation, play a pivotal 
role in modulating impulsive behaviors. These functions involve 
brain regions such as the mPFC, the PCC and the DMN, all of which 
are involved in processing thoughts about the self, introspection 
and emotional responses. When the functioning of these areas is 
dysregulated, individuals can struggle with impulsive tendencies. 
Specifically, the PFC is responsible for higher-order cognitive 
functions, such as inhibition, decision-making and planning, 
functions essential for regulating emotions and controlling 
impulsive behavior [33].

Impairments or decreased activation in the PFC are frequently 
observed in individuals with high impulsivity, making it difficult 
for them to manage immediate emotional reactions or engage in 
cognitive control when faced with stressful situations or tempting 
cues. In contrast, when these brain regions function optimally, they 
enable individuals to engage in self-regulation, which helps them 
resist the urge to act impulsively. Psychologically, self-referential 
processing involves the capacity for self-awareness, which allows 
individuals to monitor their internal states and behavior and 
make decisions accordingly. Self-reflection enables people to 
evaluate their actions, identify maladaptive patterns and shift 
behavior when necessary. Self-referential processing can act as a 
double-edged sword. On one hand, it allows them to reflect on the 
consequences of their actions, fostering greater self-control. On the 
other hand, excessive self-criticism or rumination, an overactive 
form of self-referential processing, can exacerbate impulsivity [34]. 
This is because rumination often leads to emotional dysregulation, 
causing individuals to act impulsively as a way to manage negative 
emotional states. Thus, the balance between self-reflection and 
self-criticism is crucial in determining whether self-referential 
processing leads to adaptive emotional regulation or to heightened 
impulsivity [35].

Mindfulness practices have been shown to improve emotional 
regulation and impulse control by promoting a balanced and 
aware state of mind [36]. Yoga’s mindfulness-based techniques 
foster self-awareness by encouraging practitioners to focus on the 
present moment, observe their emotions without judgment and 
cultivate a non-reactive response to stress or emotional triggers. 
This practice strengthens the PFC by increasing cognitive flexibility 
and promoting the inhibition of impulsive urges [37]. Studies have 
demonstrated that yoga practitioners show increased gray matter 
volume in the PFC, which is linked to improved executive functions, 
including cognitive control and emotional regulation [14,38]. The 
combination of physical movement, breath control and mindfulness 
in yoga encourages the functional coordination between the PFC 
and other brain regions involved in emotion regulation, such as 
the amygdala and ACC. This improved neural coordination helps 
to reduce impulsivity by enhancing the brain’s ability to regulate 
emotional responses and prioritize long-term goals over immediate 
gratification [39].

Furthermore, yoga’s emphasis on prāṇāyāma regulates the 
autonomic nervous system, reducing physiological markers 
of stress such as heart rate and blood pressure. By enhancing 
parasympathetic nervous system activity, yoga helps practitioners 
maintain a calm, focused state, which mitigates the emotional 
reactivity associated with impulsive behaviors [40]. Through 
these neurobiological mechanisms, yoga provides a psychological 
framework for improving impulsivity and enhancing self-regulation. 
Impulsivity can be understood from a psychological perspective as 
a failure of self-regulation, which is influenced by both cognitive 
and emotional factors. Self-referential brain functions, including 
those involving the PFC, play a critical role in regulating impulsive 
behaviors. Mindfulness-based practices such as yoga can improve 
emotional regulation by enhancing self-awareness, cognitive 
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flexibility and neural coordination between brain regions involved 
in self-regulation. Yoga thus represents a potent tool for reducing 
impulsivity and promoting adaptive, thoughtful behaviors.

Peripheral biomarkers and self-referential processing

Contemplative interventions such as yoga, meditation and 
related mind-body practices have increasingly been recognized for 
their potential to influence brain function through neuroplastic and 
neuroprotective pathways. In recent years, the study of peripheral 
biomarkers has gained attention as they provide a valuable lens 
into systemic mechanisms that may underpin cognitive and 
emotional benefits. Peripheral biomarkers, measurable in blood, 
saliva, or other body fluids, reflect processes such as neurotrophin 
activity, stress-axis regulation, inflammation and cellular aging. 
Their integration with neuroimaging and behavioral data could 
therefore elucidate the link between contemplative practices and 
cognitive functions. Among the most well-studied markers, BDNF 
plays a central role [41]. BDNF is vital for synaptic plasticity, 
memory consolidation, and mood regulation and importantly, it 
can cross the blood-brain barrier, allowing peripheral measures to 
act as a proxy for central effects. Several studies have reported that 
yoga and meditation retreats demonstrate elevated plasma BDNF 
alongside reductions in anxiety and depression and improvements 
in mindfulness [42].

These findings suggest that increased peripheral BDNF may 
parallel neural changes in brain networks involved in self-awareness 
and cognitive resilience, thereby linking contemplative practices to 
enhanced neuroplasticity. Cortisol, a primary stress hormone, is 
another important biomarker reflecting Hypothalamic-Pituitary-
Adrenal (HPA) axis activity, which is associated with attention, 
memory and executive function. Dysregulated cortisol dynamics, 
such as blunted diurnal rhythms, are associated with cognitive 
decline and risky decision making [43]. Mind-body interventions 
have been shown to modulate cortisol levels, stabilizing stress 
reactivity [44]. Evidence indicates both reductions in basal cortisol 
and improvements in the cortisol awakening response following 
sustained yoga and meditation practices [42]. These changes may 
contribute to enhanced working memory, emotional regulation 
and resilience under stress, suggesting that cortisol is a sensitive 
marker of the stress-buffering effects of contemplative practices.

Inflammatory cytokines such as Interleukin-6 (IL-6), Tumor 
Necrosis Factor alpha (TNF-α) and CRP represent another important 
class of biomarkers linking systemic physiology with cognitive 
outcomes. Chronic inflammation accelerates brain aging, impairs 
synaptic function and increases vulnerability to neurodegenerative 
disorders. A growing body of evidence shows that yoga and 
meditation practices reduce circulating pro-inflammatory markers 
while enhancing anti-inflammatory pathways [45]. Numerous 
studies comparing yoga interventions with control conditions 
have observed decreases in IL-6 and CRP alongside improvements 
in depressive symptoms, indicating that anti-inflammatory 
effects may partly mediate the mental health benefits of yoga. 
By mitigating systemic inflammation, contemplative practices 
may protect against cognitive decline and improve higher-order 

executive functions. Beyond stress and inflammation, markers 
of cellular aging and mitochondrial resilience emerge as relevant 
endpoints. Among these, Sirtuin-1 (SIRT1) has attracted attention 
for its role in mitochondrial regulation, DNA repair and anti-aging 
processes [46].

Although direct evidence linking yoga to SIRT1 modulation 
remains preliminary, mechanistic parallels with exercise and 
calorie restriction suggest its potential relevance. SIRT1 promotes 
neuroprotection by enhancing stress resistance and metabolic 
homeostasis, and its upregulation could, in theory, mediate the 
neuroprotective benefits of contemplative practices. Additionally, 
yoga has been associated with improved mitochondrial function 
and reduced markers of cellular aging in chronic conditions such 
as rheumatoid arthritis, further supporting its role in systemic 
resilience [47]. Integrating SIRT1 and related mitochondrial 
biomarkers into contemplative neuroscience would open novel 
avenues for linking systemic longevity pathways with brain 
aging and cognitive health. Together, these biomarkers form a 
mechanistic bridge between contemplative practices and cognitive 
function. BDNF supports neuroplasticity required for learning and 
memory; stabilized cortisol dynamics and reduced inflammation 
enhance executive control and mood regulation; and SIRT1-related 
pathways contribute to cellular resilience against age-related 
cognitive decline [48]. By mapping biomarker trajectories alongside 
brain network changes, such as default mode network modulation, 
and behavioral outcomes, such as self-referential processing and 
working memory performance, researchers can delineate pathways 
from systemic physiology to neural plasticity and cognition.

A Possible Mechanism of Yoga on Self-Referential 
Processing (SRP)

Yoga practice exerts a profound influence on SRP through 
an integrated set of neuroplastic, functional, physiological and 
molecular mechanisms that reshape the brain’s architecture, 
optimize network connectivity, regulate bodily systems, and 
modulate peripheral biomarkers, collectively enhancing self-
awareness, emotional regulation and cognitive flexibility illustrated 
in Figure 1. Structural neuroimaging studies consistently reveal 
increased gray matter volume in key SRP-related hubs such as the 
mPFC and PCC among experienced yoga practitioners, reflecting 
neuroplastic changes like dendritic branching, synaptogenesis, 
and glial proliferation induced by repeated engagement in mindful, 
introspective mental states during āsanas, prāṇāyāma, and dhyāna 
practices [8]. These structural adaptations fortify the neural 
substrates for nuanced self-reflection and emotional appraisal, 
reducing the likelihood of egocentric or negatively biased self-
focus. Complementing these morphological changes, functional 
MRI investigations demonstrate that yoga enhances resting-state 
functional connectivity within the DMN, particularly between 
the mPFC and PCC and strengthens links between the DMN and 
executive control networks, suggesting that habitual attentional 
training through yoga fosters more cohesive communication among 
brain regions responsible for self-awareness, autobiographical 
memory and emotional regulation [49]. This optimized functional 
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integration supports more adaptive modulation of self-referential 
thoughts, enabling practitioners to disengage from maladaptive 

cognitive loops such as rumination and negative self-evaluation 
while promoting balanced, constructive self-perception.

Figure 1: illustrates the potential benefits of yoga on SRP.

Beyond the central nervous system, yoga deeply influences 
the ANS, with pranayama and meditation practices eliciting 
parasympathetic dominance, lowering sympathetic arousal and 
increasing HRV, a marker of physiological resilience and flexibility 
[50,51]. These shifts are accompanied by reductions in cortisol 
and blood pressure, creating a calmer physiological baseline 
that buffers against stress-induced distortions of self-referential 
thought. In addition to these central and autonomic changes, 
yoga modulates peripheral biomarkers that provide systemic 
support for SRP-related brain functions. Elevated BDNF following 
yoga enhances synaptic plasticity and hippocampal-prefrontal 
connectivity, directly reinforcing the neural circuits underlying 
self-reflection, autobiographical memory, and emotional regulation 
[42]. Normalization of cortisol rhythms through regulation of the 
HPA axis reduces stress reactivity and stabilizes introspective 
processes, supporting balanced self-awareness. Reductions in 
inflammatory cytokines such as IL-6, TNF-α, and CRP protect 
neural tissue from inflammation-driven decline, thereby 
preserving the structural and functional integrity of SRP-related 
networks. Emerging evidence suggests that Sirtuin-1 (SIRT1), a 
NAD⁺-dependent deacetylase involved in mitochondrial function 
and neuroprotection, as a biomarker that may mediate long-term 
resilience of SRP during aging. These biomarker pathways converge 
with neural and autonomic adaptations to create a comprehensive 
psychophysiological platform for adaptive SRP.

The convergence of these neural, physiological, and molecular 
changes yields a powerful integrated mechanism: enhanced gray 
matter supports refined introspective processing, improved DMN 
connectivity fosters efficient self-monitoring and regulation, 

balanced autonomic activity underpins emotional stability, and 
biomarker modulation strengthens systemic resilience that 
sustains SRP across time. Behaviorally, these mechanisms manifest 
as heightened mindfulness, reduced reactivity to self-related 
emotional triggers, diminished negativity bias, and greater self-
compassion, outcomes consistently observed in psychological 
assessments of long-term yoga practitioners [8,49-51].

Mechanistically, yoga may be conceptualized as repeatedly 
engaging SRP, attentional control, autonomic regulation, and 
molecular pathways in a way that progressively strengthens their 
structural and functional integrity while recalibrating stress 
physiology and systemic biomarkers. Over time, this leads to a more 
resilient and adaptable self-referential system that can flexibly 
shift perspectives, integrate experiences nonjudgmentally, and 
respond adaptively to internal and external challenges. Moreover, 
the combination of yoga postures, controlled breathing, and 
meditative focus likely produces synergistic effects: āsana prepares 
the body and improves circulation, prāṇāyāma refines physiological 
and endocrine regulation, and dhyāna deepens attentional and 
emotional control, and biomarker modulation sustains neural 
and systemic resilience [52]. Together, these processes foster an 
optimal state for adaptive SRP. Overall, yoga acts as a multi-level 
intervention, simultaneously shaping brain structure, enhancing 
functional connectivity, recalibrating autonomic regulation, and 
modulating peripheral biomarkers to cultivate a stable yet flexible 
self-referential framework that supports mental clarity, emotional 
equanimity, resilience against stress and aging, and overall 
psychological flourishing.



957

Adv Complement Alt Med  Copyright © Dwivedi Krishna

ACAM.000700. 8(5).2025

Limitations of the Published Work
Although this study contributes to understanding the 

neurocognitive effects of yoga on SRP, several limitations should be 
acknowledged. A significant challenge in this field is the reliance 
on relatively small and heterogeneous samples. Yoga practitioners 
differ widely in terms of style, frequency, intensity and duration of 
practice, which introduces variability and limits the generalizability 
of findings. The lack of homogeneity across samples makes it 
difficult to draw firm conclusions about the specific neurocognitive 
effects of yoga, as observed changes may not represent the broader 
population of practitioners. Another limitation lies in the study 
design. Much of the existing research is cross-sectional, which 
restricts the ability to establish causal relationships between yoga 
practice and SRP-related brain changes. Without longitudinal 
or randomized controlled designs, it is difficult to determine 
whether structural and functional brain differences result directly 
from yoga or are linked to pre-existing cognitive or emotional 
traits. Furthermore, neuroimaging techniques such as fMRI, 
while powerful, measure activity indirectly through blood flow 
changes and may not fully capture the complexity of dynamic 
SRP processes. The absence of well-designed control groups in 
many studies presents another challenge. Without comparison to 
other physical, cognitive, or contemplative practices, it is unclear 
whether the effects observed are unique to yoga. Self-selection 
bias also remains a concern, as individuals drawn to yoga may 
already possess higher levels of mindfulness, emotional regulation, 
or stress resilience that influence outcomes. Finally, many studies 
lack integration of peripheral biomarkers such as BDNF, cortisol, 
inflammatory cytokines, and NAD⁺/Sirtuin pathways. These 
biomarkers are critical for understanding the systemic and 
mechanistic underpinnings of yoga’s impact on SRP but remain 
underexplored. In addition, reliance on self-reported practice 
frequency and intensity introduces recall and social desirability 
biases, highlighting the need for objective measures to strengthen 
future findings.

Implications of the Study
Despite certain methodological limitations, the implications 

of this study are far-reaching, particularly within contemplative 
neuroscience, clinical psychology and integrative medicine. By 
exploring how yoga influences SRP, this work sheds light not 
only on the neural mechanisms of self-awareness and emotional 
regulation but also on the peripheral physiological pathways that 
may sustain these changes. At the neural level, yoga appears to 
strengthen SRP-related hubs such as the mPFC and PCC, regions 
central to self-reflection, autobiographical memory and emotion 
regulation. Dysfunctions in these networks are strongly linked to 
psychiatric conditions, including depression, anxiety and post-
traumatic stress disorder, which are characterized by maladaptive 
self-focus and impaired emotional control. By reinforcing these 
circuits, yoga may reduce negative rumination, foster balanced self-
appraisal, and enhance emotional resilience. These insights carry 
important clinical implications, suggesting that yoga can serve 
as a complementary intervention alongside psychotherapeutic 

approaches such as cognitive behavioral therapy and mindfulness-
based therapies, improving outcomes in disorders with SRP 
dysfunction.

Equally significant are the systemic and molecular mechanisms 
revealed through peripheral biomarkers. Yoga has been shown 
to elevate BDNF, supporting neuroplasticity in SRP-related brain 
regions. Normalization of cortisol rhythms through HPA axis 
regulation reduces stress-induced distortions of self-processing. The 
downregulation of inflammatory cytokines such as IL-6, TNF-α and 
CRP provides further resilience by protecting against inflammation-
driven neural decline, while emerging evidence suggests that 
yoga may modulate NAD⁺-dependent Sirtuin-1 (SIRT1) pathways, 
supporting mitochondrial function, DNA repair, and healthy brain 
aging. These biomarker pathways not only validate yoga’s influence 
beyond the brain but also provide measurable physiological targets 
that can be tracked in future intervention studies. Clinically, the 
convergence of neural and biomarker evidence underscores yoga’s 
potential role in treatment and prevention. For patients with 
mood and trauma-related disorders, biomarker modulation may 
complement neural changes, accelerating recovery and reducing 
relapse. Reductions in cortisol and inflammation could directly 
mediate symptom improvement in stress-related conditions, 
while increases in BDNF may support cognitive flexibility and 
attentional control. This integrative approach suggests yoga could 
be prescribed as part of personalized, multi-modal treatment 
strategies in psychiatry and psychology.

Beyond clinical contexts, the implications extend to preventive 
and community-based applications. Incorporating yoga into 
schools may promote self-regulation, emotional balance and 
academic performance by shaping both neural pathways and stress 
biomarkers during formative years. In workplace settings, yoga-
based programs may reduce burnout by regulating stress hormones 
and inflammatory markers while enhancing attentional stability. 
Among older adults, biomarker modulation, particularly involving 
BDNF and SIRT1, may slow age-related cognitive decline, strengthen 
cognitive reserve and reduce vulnerability to neurodegenerative 
processes such as Alzheimer’s disease. At a societal level, these 
findings emphasize yoga’s potential as a cost-effective, accessible 
intervention that bridges mental and physical health. By highlighting 
both neural adaptations and biomarker modulation, this study 
encourages the integration of yoga into public health frameworks, 
community programs and preventive strategies. Ultimately, yoga 
represents a multidimensional intervention that simultaneously 
targets brain structure, functional connectivity, autonomic balance 
and peripheral physiology to cultivate adaptive SRP, psychological 
well-being and resilience across the lifespan.

Conclusion
Yoga represents a multidimensional intervention that 

influences Self-Referential Processing (SRP) through coordinated 
changes in neural activity and peripheral physiology. Structural 
and functional brain adaptations, particularly enhanced 
connectivity within the medial prefrontal cortex and posterior 
cingulate cortex, support improved self-awareness, emotion 
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regulation and cognitive flexibility. Concurrently, modulation of 
the autonomic nervous system fosters parasympathetic balance, 
creating physiological conditions conducive to introspection and 
resilience. At the molecular level, yoga improves BDNF, stabilizes 
cortisol rhythms, downregulates pro-inflammatory cytokines (IL-6, 
TNF-α, CRP), and shows potential for activating Sirtuin-1 pathways, 
collectively enhancing neuroplasticity, stress resilience and 
systemic health. The convergence of these neural and biomarker 
effects underscores yoga’s potential as both a therapeutic and 
preventive tool, with implications for managing mood disorders, 
reducing cognitive decline and promoting psychological well-being. 
Future multimodal, longitudinal studies are warranted to validate 
these pathways and establish yoga as a scientifically grounded 
intervention for mental health and brain aging.
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