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ABSTRACT 
[bookmark: _Hlk221546551]Meditation is a family of self-regulation exercises that train attention and awareness and produce measurable neurobiological adaptations, including increased cortical thickness in the left hippocampus and posterior Cingulate Cortex and enhanced functional connectivity between the prefrontal cortex and the default mode network, which reflects improved emotional regulation and neuroplasticity. Distinct styles such as focused attention, open monitoring, Transcendental Mantra, loving kindness, and yoga-based practices vary in focus but still contribute to these structural and functional changes. The study aims to review the effectiveness of meditation in neuro and cognitive health, optimising it as a non-pharmacological approach to mental and physical health. Neurotransmitter profiling shows evident GABA and serotonin levels, increased brain-derived neurotrophic factor (BDNF), and reduced cortisol, which support mood stability, cognitive resilience, and stress. Practising meditation leads to balanced blood pressure, better cardiovascular health and improved blood flow and immunity, while autonomic outcomes show functional high vagal indices of heart rate variability and baroreflex gain, indicating balanced sympathetic parasympathetic activity and better respiratory performance. Immunomodulation is reduced, pro-inflammatory biomarkers are enhanced, and immune cell activity is affected. The review highlights meditation as a multifaceted neurobiological intervention that consistently remodels brain structure, elevates neurochemical balance and improves physical and mental health. These mechanisms translate to benefits for pain, stress, high blood pressure and more mental health disorders. Innovative transcriptomic data suggest meditation may change gene expression of inflammatory, oxidative stress and neurotrophic pathways, to give a molecular basis to its health-reinforcing effects.
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INTRODUCTION
Meditation is explained as a family of self- regulation exercises that focus on training attention and awareness to bring about mental action under greater voluntary control. With regard to physical health, meditation has demonstrated therapeutic potential across a range of multifactorial and chronic conditions, including diabetes mellitus, hypertension, and fibromyalgia. Emerging evidence suggests that meditative practices may contribute to improved metabolic and cardiovascular parameters, notably through reductions in total serum cholesterol and concomitant increases in high-density lipoprotein (HDL) concentrations. These physiological effects are likely mediated by complex interactions between neuroendocrine regulation, autonomic balance, and behavioural modification, although the precise mechanisms warrant further elucidation. In addition to its somatic benefits, meditation exerts significant influence on psychological well-being. The cultivation of positive affect, emotional regulation, and cognitive flexibility through structured meditative practices has been associated with amelioration of a range of psychiatric and stress-related conditions. In particular, meditation-based interventions have shown promise in the management of social anxiety disorder, post-traumatic stress disorder (PTSD), generalised anxiety, and depressive disorders. Collectively, these findings underscore the integrative role of meditation in promoting both physical and mental health within a biopsychosocial framework. [46,47]. Thus, promoting mental well- being, emotional balance, and cognitive clarity. Rooted in traditional Eastern spiritual practices, Meditation is achieved by increasing recognition within Western psychology and neuroscience due to its therapeutic potential and measurable neurobiological effects.
Walsh and Shapiro (2006) highlighted the mutually enriching dialogue between meditative traditions and modern psychology, to emphasise meditation as both a rigorous discipline of mind-body and a scientific subject for therapeutic inquiry [1]. Cardiovascular and respiratory disorders continue to represent principal contributors to global morbidity and mortality. In this context, there is increasing interest in non-pharmacological interventions capable of modulating autonomic function and respiratory mechanics as adjunctive approaches for both disease prevention and clinical rehabilitation. Among these, mindfulness-based interventions and meditative practices, frequently combined with slow-paced, structured breathing techniques, have been proposed as strategies capable of influencing cardiovascular and pulmonary regulation. Mechanistically, such interventions are hypothesised to exert effects through modulation of autonomic balance, optimisation of haemodynamic responses, and engagement of central neural pathways implicated in cardiorespiratory control. Reported physiological outcomes include alterations in blood pressure, heart rate, and heart-rate variability, alongside changes in respiratory rate, lung volumes, and peak expiratory flow. These effects are plausibly mediated by enhanced parasympathetic activity, attenuation of sympathetic arousal, and improved respiratory efficiency. Recent quantitative syntheses of randomised controlled trials have documented small-to-moderate reductions in both systolic and diastolic blood pressure associated with meditation-based interventions. A recent systematic review and meta-analysis of randomized controlled trials in people with prehypertension or hypertension likewise supports a beneficial (though heterogeneous) BP-lowering association for mindfulness-based interventions (Chen et al., 2024). These findings provide empirical support for the potential cardiovascular benefits of such practices, extending beyond their well-established psychological effects. Nonetheless, further high-quality, methodologically rigorous investigations are required to clarify dose–response relationships, long-term sustainability of effects, and underlying physiological mechanisms [2]. Recent randomized evidence from the Mindfulness-Based Blood Pressure Reduction (MB-BP) program indicates that adapting mindfulness training toward hypertension-relevant behaviors can improve interoceptive awareness and adherence to the DASH dietary pattern—two plausible pathways for sustained cardiovascular risk reduction (Loucks et al., 2023).
Archana Kanwade et al. (2024) reported that the OM chanting evoked these results as a possible neurotherapeutic tool for stress management and cognitive enhancement. Om chanting, as a method of yogic sound resonance relaxation technique, has been practised as a form of meditation for relaxation, to relieve individuals' negative emotions and stress, and to improve overall emotional wellbeing [45]. In bridging ancient spiritual practices with modern neuroscience, this study provides information on how meditation, such as OM chanting, can enhance brain function [10].
Advances in neuroimaging, electrophysiology and molecular biology have led to a systematic exploration of meditation-induced changes in brain structure, function and neurochemical signalling. These changes are not limited to the central nervous system but expand to cardiovascular, autonomic, immune, and genetic regulation.
Impact on Mental and Physical Health
Meditation has been empirically demonstrated to exert substantive effects on both psychological and physiological health outcomes [3]. Accumulating evidence indicates that meditative practices are associated with reductions in perceived stress, anxiety, and depressive symptomatology, alongside improvements in subjective well-being and overall quality of life [4]. This pattern is also reflected in cross-cultural observational/intervention work; for example, a quasi-experimental mindfulness workshop in Greek participants reported medium-to-large improvements on several mindfulness facets and related well-being indicators (Callifronas & Kaltsouni, 2025). These benefits have been observed across both clinical and non-clinical populations, suggesting broad applicability as a complementary therapeutic approach.
At the neurobiological level, regular engagement in mindfulness-based practices has been linked to structural and functional alterations within the brain. In particular, neuroimaging studies have reported increases in cortical thickness in regions implicated in emotional regulation, attention, and sensory processing. Such neuroplastic adaptations are generally accompanied by enhanced cognitive and affective functioning, reflected in diminished anxiety, rumination, and depressive symptoms [5]. Anatomical-likelihood meta-analytic evidence from randomized mindfulness trials suggests that any structural effects are small and regionally circumscribed, underscoring the importance of rigorous trial designs and cautious inference (Siew & Yu, 2023). Collectively, these findings support the proposition that meditation facilitates measurable neural changes that underpin its salutary effects on mental health.
Mindfulness-based practices have also been shown to facilitate more adaptive coping with pain. Empirical investigations indicate that mindfulness meditation is significantly more effective than placebo interventions in reducing both the perceived intensity and the affective unpleasantness of pain [6]. These analgesic effects are not solely attributable to expectancy or non-specific therapeutic factors; rather, they appear to reflect distinct neurocognitive mechanisms.
Neuroimaging evidence suggests that mindfulness practice modulates activity within brain regions central to pain perception and affective appraisal, particularly within the orbitofrontal cortex and the anterior cingulate cortex (ACC) [7]. Altered functional connectivity and regulatory engagement in these regions may contribute to a decoupling of nociceptive input from maladaptive emotional reactivity, thereby attenuating the subjective burden of pain.
Beyond its psychological and physiological benefits, meditation may also confer advantages in the domain of social functioning. Preliminary findings indicate that regular mindfulness practice is associated with enhanced empathy, emotional attunement, and interpersonal responsiveness, potentially fostering improved social interaction and relational well-being [8,9]. Collectively, these multidimensional effects underscore the broad therapeutic relevance of mindfulness across affective, somatic, and social domains.

Neuroplasticity: Structural Changes in the Brain 
The field of mindfulness meditation has been the subject of extensive empirical investigation, particularly in recent years, with a growing emphasis on its neurobiological correlates. Converging evidence from structural and functional neuroimaging studies has identified a range of alterations in brain architecture and activity associated with sustained mindfulness practice. These findings suggest that regular engagement in mindfulness meditation induces neuroplastic changes, resulting in measurable modifications within neural circuits implicated in emotional regulation, attentional control, and self-referential awareness.
At the molecular level, mindfulness practice has been associated with increased expression of brain-derived neurotrophic factor (BDNF), a protein integral to neuronal survival, differentiation, and synaptic plasticity. Elevated levels of BDNF are understood to facilitate neuroplastic processes by promoting neuronal growth, strengthening synaptic connectivity, and supporting mechanisms underlying learning and memory consolidation. Such molecular adaptations may provide a biological substrate for the cognitive and affective benefits observed in practitioners.
Among the most consistently reported structural findings is increased cortical thickness, particularly within the prefrontal cortex and the anterior cingulate cortex (ACC) [11,12]. These regions play central roles in executive function, attentional regulation, and the modulation of emotional responses. The observed structural enhancements in these areas are therefore plausibly linked to improved cognitive control and emotional resilience, further substantiating the neurobiological basis of mindfulness meditation’s therapeutic effects. However, large combined randomized controlled trial data with active and waitlist comparators have also reported an absence of detectable structural brain changes following an 8-week MBSR course, highlighting measurement sensitivity limits, analytic variability, and the need for adequately powered preregistered designs (Kral et al., 2022).

Neurochemical Balance: GABA, Serotonin, and BDNF 
Meditation techniques affect neurotransmitter systems in the brain. For example, individuals who regularly practice meditation have been found to have higher levels of GABA. Since the neurotransmitter GABA works to minimise neural activity, higher levels of this chemical will help reduce anxiety in an individual while at the same time improving his or her mood [13,14]. Evidence of higher levels of serotonin production has also been associated with mindfulness. Serotonin functions in the body to aid in regulating a person’s mood and general well-being [15,16].

Types of Meditation
Meditation practices are diverse, but they can be broadly categorised into several types:
1. Focused Attention Meditation (FAM) - Focused Attention Meditation involves maintaining focus on non-present momentary experiences, emotional reaction or decisions. This form of meditation displayed significant benefits, including stress reduction and improved attention processing [33]. The meditator cycles between four states of attention, training the mind to maintain focus.
2. Open Monitoring Meditation (OMM) – A non- reactive and non- judgmental awareness must be maintained for all experiences in the present moment, physical sensations, sensations including thoughts. [34].
3. Transcendental or Mantra Meditation - This meditation Centers around the repetition of a specific mantra or phrases, like “Om” Or "I am able" to focus the mind [10]. OM chanting, in particular, has been shown to increase significantly alpha and theta brain waves, something that equates to comfort and relaxation meditative states, as well as deep relaxation and creativity [35].
4. Loving Kindness and Compassion Meditation - Meditation derived from Buddhist traditions, Compassion (meta) and compassion (karuna). Meditation cultivates selflessness, unconditional kindness and the heartfelt wish for all beings to be unrestricted from suffering [36].

5. Raj Yoga Meditation - Raja Yoga Underlines mastery over the senses and the mind by considering the mind the soul's eternal relationship with the Supreme Soul. It is considered the supreme yoga that leads to self-mastery.

6. Yoga-Based Meditation - Yoga meditation connects organisation and mind in ways such as Asanas (postures), Pranayama (breathing exercises), cleansing techniques, and Kriyas. This holistic approach aims at physical and mental discipline and integration.

MATERIALS AND METHODS 
 The present review article is compiled after searched from PubMed, Scopus, Web of Science, and PsycINFO from inception to 2025 using Boolean combinations of meditation types (“focused‑attention”, “open‑monitoring”, “mantra”, “loving‑kindness”, “yoga‑based”) with neurobiological outcomes (“cortical thickness”, “gray‑matter density”, “GABA”, “serotonin”, “BDNF”, “cortisol”, “blood pressure”, “NF‑κB”, “gene expression”) 
Inclusion criteria – Peer-reviewed original studies, randomised‑controlled trials, cohort or case‑control designs that involved a formal meditation intervention and reported structural or functional brain changes, neurochemical or hormonal alterations, cardiovascular/respiratory measures, immune biomarkers, or transcriptomic data, and included a comparison group or pre-post design.
Exclusion criteria - Non-English language papers, conference abstracts, single‑case reports, and studies without a control condition or quantitative outcome.
Data extraction – A standardised form captured author, year, sample size, meditation style, duration, imaging modality, biochemical assays, cardiovascular/respiratory metrics, immune markers, and gene‑expression results. Extracted data reflect the review’s reported findings of increased cortical thickness in the left hippocampus and posterior cingulate, enhanced prefrontal‑DMN connectivity, ↑GABA/serotonin/BDNF, ↓cortisol, blood‑pressure reductions, improved vagal tone, NF‑κB downregulation, and epigenetic modulation.

RESULTS AND DISCUSSION
Studies across diverse groups from young adults to heart disease patients show that structured meditation does more than just calm the mind; it physically lowers blood pressure and sharpens emotional resilience. It even helps the body manage insulin better, improving overall metabolic health. The "breath work" side of the practice is equally powerful. Simple techniques like slow breathing or OM chanting act as a reset button for the nervous system, boosting lung capacity and heart rate variability. This has shown real therapeutic promise for people with asthma or those exposed to environmental toxins.
Ultimately, the best results come from a "triple threat" approach: combining movement, breath, and meditation. This synergy lowers the resting heart rate and optimises how the heart and lungs work together, proving that mental shifts lead to measurable physical recovery. 
Neurobiological Changes Induced by Meditation:
Meditation induces significant neurobiological changes, especially in the brain structure and function.
Increased Cortical Thickness and Grey Matter Density - Mindfulness practices, including Mindfulness-Based Stress Reduction (MBSR), have been shown to increase regional brain grey matter density, especially in the left hippocampus, another area involved in learning and memory. In addition, grey matter concentration increase was noted in the posterior cingulate cortex and the temporo-parietal junction, regions associated with emotional regulation [11]. 

Amygdala Regulation - The amygdala, an important brain region for emotional processing, specifically negative emotions. This shows cancelled neural activity following compassion meditation training. A significant negative correlation exists between amygdala activity reduction and the amount of compassion practice, suggesting meditation's role in modelling emotional reactivity [39].

Enhanced Brain Connectivity - Functional MRI studies indicate that meditation increases communication between the prefrontal cortex and the default mode network (DMN), which includes self- referential thinking and wandering in the mind. Meditators illustrate less DMN activity during meditation, with less mind wandering and increased focus [37].








Table 1: Evidence for changes in the core brain regions after mindfulness meditation
	Brain region 
	Study design
	Findings

	Amygdala (emotional processing)
	Cross-sectional, beginner (N = 10) and expert Zen meditators (N = 12)
	Reduction of activity in the left amygdala when viewing emotional pictures in a mindful state in beginner but not expert meditators [17]

	
	Longitudinal, mindful attention training (N = 12), compassion training (N = 12) and active control (N = 12)
	Decreased activation in the right amygdala in response to emotional pictures in a non-meditative state [18]

	Anterior cingulate cortex
 (self-regulation of attention and emotion)
	Cross-sectional, Vipasana meditators (N = 15) versus controls (N = 15)
	Increased Anterior Cingulate Cortex activation during breath awareness (focused attention) meditation [19]

	Prefrontal Cortex (PFC) (attention and emotion)
	Longitudinal, patients with generalized anxiety disorder, MBSR (N = 15) versus active control (N = 11)
	Increased activation of ventrolateral PFC, enhanced connectivity of several PFC regions with amygdala [20]

	Insula (awareness and emotional processing)
	Cross-sectional, expert Tibetan Buddhist meditators (N = 15) and novices (N = 15)
	Enhanced insula activation when presented with emotional sounds during compassion meditation [21]



Table 2: Neurotransmitter and Hormonal Changes 
	Neurotransmitter and Hormone
	Mechanism & Change
	Evidence & Clinical Impact

	GABA
	Increase. Stimulation of the prefrontal cortex activates the reticular nucleus of the thalamus, which produces GABA.
	Reduces neural hyperexcitability and alleviates symptoms of panic and general anxiety [22]

	Serotonin
	Increase. Meditation practices, including chanting and controlled breathing, influence the brainstem raphe nuclei.
	Elevated levels are associated with mood regulation, well-being, and anxiolytic effects. [22],[23]

	BDNF
	Increase. Sustained practice stimulates neurotrophic signalling pathways, promoting neuronal growth
	Supports hippocampal volume, cognitive adaptability, and resilience against depression [23],[24]

	Cortisol
	Decrease. Regulation of the HPA axis leads to reduced systemic secretion of this stress hormone.
	Lowers perceived stress and supports physiological recovery, especially in at-risk populations [25],[26]



●Gamma-Aminobutyric Acid (GABA): Levels increase, minimising neural excitability and reducing anxiety.
●Serotonin: Increased serotonin is associated with improved mood and general well-being.
●Brain-Derived Neurotrophic Factor (BDNF): Elevated BDNF enhances cognitive functions and emotional resilience.
●Cortisol: Meditation reduces cortisol levels, a stress hormone, thereby supporting stress management and well-being.
Effects of Meditation on Other Systems
Table 3: Effect on Cardiovascular System  
	Citation 
	Study Design
	Key Findings

	Karunarathne et al [27]
	Systematic review (long-term meditators)
	Long-term meditation is associated with lower respiration rate, increased HRV, and improved pulmonary efficiency.

	Chen et al [28]
	Systematic review and meta- analysis (mindfulness in pre-hypertension/hypertension)
	Mindfulness interventions achieved modest but statistically significant BP reductions.

	Loucks et al [29] 
	Randomised clinical trial (MB BP program vs enhanced usual care)
	Adapted mindfulness training significantly reduced systolic BP and improved stress awareness and emotion regulation.



Table 4: Effect on Autonomic and Respiratory Systems - 
	Citation 
	Study Design
	Key Findings

	Erdoğan Yüce & Taşcı [30]
	Single-blind randomised controlled trial in asthma patients
	Pranayama enhanced asthma control, lung function, and quality of life

	Sakakibara et al [31]
	Sakakibara et al., 2020
	Paced breathing at the individual LF peak improves HRV indices and baroreflex gain.

	Dhansoia et al [32]
	Randomised controlled trial in pesticide-exposed farmers
	Breathing-focused yoga prevented respiratory decline and improved pulmonary function.



Especially meditation practice, pranayama, leads to better lung volumes, Expiratory flow and respiratory muscle performance. They are also increasing vagal tone and baroreflex sensitivity, which are essential for cardiovascular resilience and blood pressure regulation [40]

Effect on Immune System - Meditation has positive effects on immune function by modulating biomarkers such as nuclear factor Kb (NF- kB), who is playing a role in inflammation. Mindfulness and meditation practices have been linked to reduced inflammatory responses and improved immune regulation [41]. Consistent with this mechanistic framing, a randomized controlled trial of a smartphone-delivered mindfulness program reported reduced activity of the pro-inflammatory NF-κB transcription control pathway in stressed adults, supporting the plausibility of immune-related gene regulatory effects from meditation training (Dutcher et al., 2022).

Clinical Applications of Meditation
Pain Regulation - Meditation-based interventions, such as MBSR, help in better pain regulation by changing brain connectivity, such as increased functional connectivity between reward- related regions, the nucleus Accumbens (rNAc) And the ventromedial prefrontal cortex (vmPFC), which is linked to reduced headache frequency in migraine patients [43]

Stress Reduction - Mindfulness and meditation programs reduce and improve perceived stress, quality of life, sleep quality, and mindfulness levels. These benefits are shown in clinical trials on patients with chronic conditions like heart failure [43]

Meditation and Gene Expression - Current evidence suggests that meditation can lead to epigenetic changes and differential gene expression, especially when it works as environmental enrichment, which promotes health and disease prevention [44]
The review highlights meditation as a multifaceted neurobiological intervention that consistently remodels brain structure, elevates neurochemical balance and improves physical and mental health. Repeated practice increases cortical thickness and grey‑matter density in regions central to memory and emotional regulation, notably the left hippocampus, posterior cingulate, and temporo-parietal junction [11], while strengthening prefrontal‑default‑mode network connectivity and attenuating DMN activity during meditation [25]. These neural adaptations are paralleled by reductions in amygdala reactivity proportional to compassion training [39], suggesting a mechanistic link to enhanced emotion regulation. Concurrently, meditation elevates inhibitory neurotransmission (GABA) and serotonergic tone, boosts BDNF, and lowers cortisol, collectively supporting mood stability and stress resilience.[22]. 
Cardiovascular benefits include a significant drop in systolic and diastolic blood pressure and heightened vagal tone and baroreflex sensitivity [40]. Respiratory function also improves, with increases in lung volumes and expiratory flow. Immune modulation is evident through downregulation of NF‑κB and inflammatory cytokines [41], while transcriptomic analyses reveal epigenetic shifts in inflammatory, oxidative‑stress and neurotrophic pathways. Enhanced nucleus Accumbens – ventromedial prefrontal connectivity underlies better pain regulation, and mindfulness consistently reduces perceived stress, improves sleep, and raises quality‑of‑life scores in chronic disease cohorts [43]. 
Limitations include heterogeneity of meditation protocols, modest sample sizes, and reliance on self-report measures, underscoring the need for standardised interventions and longitudinal, mechanistic studies that integrate neuroimaging, neurochemical, and genomic data to fully delineate causality.

CONCLUSION 
Meditation, through various forms such as focused attention, open monitoring, chanting mantras, loving kindness and yoga-based techniques, induces profound Neurobiological and physiological changes. They include increased cortical thickness, better functional brain connectivity, regulation of the amygdala, and modulation of central neurotransmitters GABA and serotonin. Physical meditation improves cardiovascular and respiratory function, immune responses and reduces stress and pain. Importantly, meditation can also have an effect on gene expression through epigenetic mechanisms, suggesting a role in long- term health promotion.
Overall, the practice of meditation represents a powerful, non- pharmacological intervention with wide- ranging benefits for mental, emotional and physical health, using robust scientific evidence from neuroimaging, biochemical and clinical studies.
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