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INTRODUCTION 

Accelerated cellular aging is significantly associated with 

phenomenal complex lifestyle diseases, including 

cardiovascular diseases and diabetes mellitus.1,2 Several 

cardinal biomarkers are identified to address cellular 

aging, including DNA damage, TL shortening, and 

oxidative stress.3 Telomeres are protective caps at the end 

of chromosomes, crucial for maintaining genomic 

stability. Telomerase, an enzyme crucial for maintaining 

TL, is linked to aging and cellular senescence.4 At the 

same time, stem cells are essential for tissue regeneration 

and maintenance throughout life.5  

The two are intertwined in discussing TA and stem cells. 

TA and expression are distinguishing features of stem 

cells.6 Most adult stem cells exhibit TA at considerably 

lower levels, which is adequate to decelerate telomeres’ 

shortening and extend their ability to replicate.7 TL’s 

shortening (or attrition) is linked to the diminished 

regenerative ability of stem cells and their niche cells in 

organs with high turnover, contributing to disease 

development.8,9 Moreover, functional or longer telomeres 
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ABSTRACT 

 

Meditation has garnered increasing interest due to its potential effects on cellular aging processes, particularly 

telomere and stem cells. This narrative review aims to synthesize existing research on how meditation affects 

telomeres and stem cells. Meditation significantly influences telomere through stress reduction, immune system, 

inflammation, and oxidative stress modulation. Meditation has been shown to reduce stress, improve circadian 

rhythms, and modulate the hypothalamus-pituitary-adrenal (HPA) axis, thereby decreasing cortisol levels and 

promoting telomere maintenance. Melatonin, elevated through meditation, further supports telomere health by 

reducing oxidative stress and inflammation. Meditation also affects the activity of genes associated with inflammation 

and stress response, contributing to telomere integrity. Through increasing antioxidant defenses and reducing 

oxidative damage, meditation also reduces oxidative stress that can damage telomeres. In the context of stem cells, 

meditation may also increase telomerase activity (TA), which plays a role in maintaining telomere length (TL) and 

supporting stem cell function essential for tissue regeneration. Despite promising findings, gaps remain in 

understanding the precise mechanisms through which meditation modulates telomere and stem cells. Future research 

should further elucidate the mechanisms involved and explore the long-term implications of meditation on cellular 

aging processes. 
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are crucial for developing embryonic or induced 

pluripotent stem cell pluripotency. This suggests that TL 

could provide a valuable marker for evaluating stem cell 

pluripotency.10 Thus, telomere shortening is the hallmark 

of stem cell senescence.11 

Lifestyle intervention effects on TL and TA have been 

rigorously studied. While dietary modification and 

aerobic exercise are beneficial to maintain or improve 

telomere health, research has suggested other lifestyle 

intervention types.12,13 Meditation, another lifestyle 

intervention, has garnered increasing interest in scientific 

research during the past decade due to its potential effects 

on cellular aging processes by affecting TA and stem cell 

function. As of June 2024, many studies have 

investigated the association between meditation and TA, 

TL, and stem cell activity.14-16 

Numerous studies have demonstrated that meditation-

based intervention can contribute to the elongation of 

telomeres and the augmentation of TA.17 Studies indicate 

that mindfulness meditation can directly influence TA, 

leading to increased telomerase levels in peripheral blood 

mononuclear cells. This increase in TA is significant as it 

plays a crucial role in maintaining TL, associated with 

cellular longevity and overall health. Research has shown 

that meditation interventions to reduce chronic stress and 

foster positive emotional states can contribute to 

maintaining TL, cognitive function, and psychosocial 

wellbeing.  

Moreover, the effects of meditation on TA have been 

observed in various settings, including intensive retreats 

and real-world environments. Individuals participating in 

a one-month retreat with intense meditation training 

exhibited increased TL compared to experienced 

meditators who did not partake in the intensive retreat, 

underscoring the potential impact of training intensity on 

telomere dynamics. Furthermore, studies have indicated 

that meditation practices like loving-kindness meditation 

may be linked to longer telomeres, suggesting a potential 

association between specific meditation techniques and 

cellular aging processes.  

However, while evidence provides valuable insights into 

the connection between meditation and TA, there are still 

gaps in the literature that necessitate further exploration. 

More studies are required to understand how meditation 

influences TA and the cellular aging processes, which 

could offer crucial information for developing targeted 

interventions to promote healthy aging.  

This literature review aims to synthesize existing research 

on how meditation affects telomerase and stem cell 

activity. By examining various forms of meditation and 

focusing on the psychological and biological mechanisms 

linking meditation practice to telomerase and stem cell 

activity, this review seeks to provide a comprehensive 

understanding of the current state of knowledge and 

identify areas requiring further investigation.18 

MECHANISMS ON HOW MEDITATION 

AFFECTS TELOMERE 

Telomeres are chromosomal regions with fragile 

structures that are difficult to replicate, leading to 

telomere shortening. Various biological systems and 

factors, such as stress hormones, circadian rhythms, 

oxidative stress, and inflammatory mediators, highly 

regulate telomerase. Changes from psychological stress 

to physiological neuroendocrine changes, and down to 

the cellular and molecular levels, are influenced by a 

variety of interconnected and mutually reinforcing 

processes through positive feedforward loops. The 

pathways involved still need to be studied in depth. They 

have three prominent roles: stress mediators 

(glucocorticoids), oxidative stress, and inflammation. The 

cellular and molecular mechanisms have been reviewed 

in Lin and Epel’s study. Based on this review, we 

propose the mechanism framework in Figure 1. 

 

Figure 1: Proposed mechanism on how meditation 

affects variable of interests. 

Endocrine-related mechanism 

Meditation, stress, and telomere 

Meditation’s impact on telomere appears significantly 

mediated through endocrinological mechanisms, 

particularly stress reduction and improvement in 

circadian rhythm. Research consistently shows that 

meditation lowers stress levels and enhances 

psychological well-being.37 The underlying mechanism 

proposed is modulation of the HPA axis.38 It is posited 

that those who attain the Samadhi stage through 

meditation will experience a general sense of well-being, 

reducing stress levels. The decrease in stress levels, in 

turn, prompts changes in the brain through the HPA 

axis.29 While studies have indicated that meditation may 
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influence the HPA-axis, the precise mechanism through 

which this occurs remains unclear. The HPA axis is a 

neuroendocrine system that regulates the synthesis and 

secretion of hormones involved in the stress response, 

including corticotropin-releasing hormone (CRH), 

adrenocorticotropin hormone (ACTH), and cortisol.  

Previously, studies have demonstrated that stress-related 

health problems result in telomere shortening due to 

cellular aging. Decreased cortisol levels (a stress 

biomarker) have been associated with telomere 

lengthening (TL). These findings demonstrate a negative 

correlation between TL and perceived stress and cortisol 

levels. Additionally, repeated exposure to stress has been 

shown to increase cortisol reactivity, indicative of an 

increased growth rate and energy requirements associated 

with rapid cell division. At this stage, an allostatic load 

and exposure to high cortisol levels lead to the shortening 

of TL.  

Based on in vitro studies, stress has an inverse correlation 

with total telomerase production and cortisol response, 

indicating that individuals who experience higher 

psychophysiological stress reactions (characterized by 

high cortisol levels) have a decreased ability to induce 

TA. Previous studies by Choi et al also obtained similar 

findings with exogenous hydrocortisone administration.46 

Glucocorticoids are thought to influence telomerase 

regulation by limiting the maximal activity of the 

immune system, modulating inflammatory gene 

transcription, and inhibiting lymphocyte proliferation and 

immune cell activity.  

The limit of stress discussed in studies encompasses not 

only acute stress but also chronic stress, which can 

manifest prenatally or in early life. Chronic stress has 

been found to suppress the basal activity of telomerase, as 

evidenced by the findings of Epel et al studies. In a 

review, De Punder et al concluded that this effect is 

thought to be due to decreased nuclear and total TA, 

which is caused by increased levels of oxidative stress 

induced by chronic stress.35 In contrast, Zalli et al 

reported that chronic stress was associated with shorter 

TL and higher basal TA. The authors proposed that this 

phenomenon indicates a chronic low-grade inflammation, 

in which chronic stress induces immune cell proliferation, 

resulting in increased basal TA, but cannot maintain TL 

under chronic stress conditions, causing shorter TL. 

Although some studies have identified the effect of 

meditation on the HPA axis, other studies have yielded 

contradictory findings. For instance, the study by Parks et 

al demonstrated no correlation between TL and nocturnal 

cortisol levels. Savolainen et al discovered no linear 

correlation between leukocyte TL and HPA axis activity 

in an elderly population. This discrepancy may be related 

to the type of cells studied, which differed across studies. 

Notably, most studies that reported positive findings on 

the effects of meditation on TL employed peripheral 

blood mononuclear cells (PBMCs). In contrast, the 

opposite results were observed in whole blood 

(predominantly composed of short-lived granulocytes) 

and leukocytes. These findings indicate that cortisol may 

influence TA in specific cell types. Choi et al observed 

the most substantial effect of cortisol on the telomerase of 

CD8+ cells.46 Further research is necessary to confirm 

this hypothesis, allowing future studies to determine the 

most appropriate cell type for investigating the impact of 

cortisol on telomerase.19 

Meditation, stress, and melatonin 

Melatonin, a hormone produced primarily by the pineal 

gland, is essential for regulating the sleep-wake cycle and 

possesses antioxidant properties. Research has 

demonstrated that yogic practices can stimulate the 

endogenous secretion of melatonin, thereby enhancing an 

individual’s sense of well-being. Furthermore, the 

elevation of melatonin levels through meditation can 

positively affect telomere health. Melatonin is suggested 

to protect telomeres by reducing oxidative stress and 

inflammation, both of which contribute to telomere 

shortening. Consequently, the increase in melatonin 

induced by meditation may indirectly support telomere 

integrity by mitigating oxidative damage and 

inflammatory processes. Additionally, meditation’s 

stress-reducing effects are significant in the context of 

melatonin, telomere health, and overall well-being. 

Chronic stress accelerates telomere shortening and 

contributes to various age-related diseases. Meditation 

has been demonstrated to mitigate the adverse effects of 

stress on telomeres by reducing stress levels and 

promoting relaxation. By modulating the hypothalamic-

pituitary-adrenal (HPA) axis and reducing cortisol levels, 

meditation fosters a physiological environment conducive 

to maintaining TL and cellular health.20  

Immunology-related mechanism 

Research has examined the cellular and molecular 

mechanisms by which meditation affects the immune 

system and how they connect to telomere health. Rathore 

et al demonstrated that meditation-based therapies help to 

maintain genomic stability by conserving TL and 

improving innate immunity. This shows that meditation 

may contribute to general cellular health by protecting 

genetic material and boosting immunological function.21 

Studies have observed significant impacts of meditation 

on various physiological systems necessary for 

immunological control. Meditation can reduce the 

detrimental effects of stress on the immune system by 

boosting immunoglobulin A (IgA) and natural killer cells. 

A scoping review found that meditation can increase cell-

mediated immunity, making it a helpful preventive 

measure against illnesses requiring immunity, 

emphasizing meditation’s immunomodulatory effects on 

the body’s defense mechanisms. Furthermore, a 

systematic review and meta-analysis found that 

meditation can modulate immune and inflammatory 
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indicators, possibly via genetic pathways, indicating that 

meditation may affect the immune system by influencing 

genetic mechanisms that regulate immune responses. 

A mechanistic model for meditation as a preventive and 

therapeutic modality has been proposed, emphasizing its 

ability to dampen pro-inflammatory responses at the 

cellular level. This model suggests meditation may affect 

immune function by modulating inflammatory pathways. 

Sapozhnikov study on the effect of integrated meditation 

practices on immune responses in examining stress 

highlights the potential of meditation in modulating 

immune changes associated with stress.22  

One of the molecular mechanisms underlying 

meditation’s immune-modulating effects is its impact on 

the levels of interferon-gamma, thereby restoring immune 

balance. Meditation can alter INF-γ levels, which 

function as a buffer to correct any imbalances caused by 

an overabundance or a deficiency of immune response 

expression.23 

Meditation, inflammation, and telomere 

The inflammatory response is closely associated with 

immune function. There are several proteins and 

cytokines involved in an inflammatory response. Immune 

cells are responsible for the release of inflammatory 

cytokines, either pro-inflammatory or anti-inflammatory 

ones. The synthesis of cytokines is mediated by nuclear 

factor kappa B (NFκB), indicating the role of NFκB in 

initiating the inflammatory response. Interleukin 1 (IL-1), 

IL-6, IL-8, and tumor necrosis factor (TNF)-α, are pro-

inflammatory cytokines often used as a marker of 

inflammation, along with c-reactive protein (CRP), an 

acute phase inflammatory protein which synthesis is 

influenced by IL-6. Along with inflammation, the level of 

NFκB activity, CRP, and pro-inflammatory cytokines are 

increased.24 

Meditation’s impact on the NF-κB pathway is crucial, as 

this pathway is found to regulate numerous genes 

involved in the inflammatory response. The NF-κB 

pathway regulates pro-inflammatory cytokines and 

chemokines, arachidonic acid cascade enzymes, and 

adhesion molecules involved in inflammatory response. 

Furthermore, the downregulation of the NF-κB pathway 

in meditators was found to be a key element to the 

molecular mechanism of inflammatory response.25 

Various signalling pathways are associated with telomere 

dysfunction. However, besides the p38 MAPK signalling 

pathway and other identified pathways, the NFκB 

pathway was found to play a vital part in the process.  

Numerous evidence has been linking the role of the 

NFκB inflammatory signalling pathway in the TL and/or 

TA change. An in vivo study involving chronic low-

grade inflammation mouse model describes that chronic 

inflammation exacerbates telomere dysfunction. In 

patients with Duchenne muscular dystrophy, continuous 

activation of the NFκB pathway leads to the telomere 

shortening of the muscle satellite cell.26 Additionally, 

activation of the NFκB pathway may lead to the up-

regulation of hTERT, which after the administration of 

NFκB inhibitor was significantly down-regulated, 

indicating a positive correlation between NFκB 

expression and TA.27  

While it is plausible that inflammation can lead to 

telomere dysfunction, in contrast, studies have considered 

that there is a cause-and-effect phenomenon in which 

shortened telomeres induce an inflammatory cascade. 

The two are also found to be coexisting and represent a 

vicious cycle.3 Regardless of whether telomere shortening 

or the inflammatory process occurs first, it is possible to 

break the vicious cycle that results in telomere 

dysfunction through meditation.28 

Meditation has decreased IL-6, TNF-α, CRP, and NFκB. 

While many studies have supported the findings, the 

detailed mechanism has yet to be uncovered. Aside from 

these findings, meditation has been found to modify gene 

expressions involved in the modulation of chromatin and 

inflammatory response, including TNF pathway, 

impairment in the expression of histone deacetylase 

genes, and receptor-interacting serine-threonine kinase-2 

and cyclooxygenase-2. A recent study discovered that 61 

differentially methylated sites were observed following a 

day of intense meditation practice, which influenced the 

methylome of PBMCs in experienced meditators. The 

methylation sites were enriched in genes primarily linked 

to immune cell metabolism and aging and binding sites 

for various transcription factors involved in immune 

response and inflammation. Additionally, the TBKBP1 

gene, involved in the TNF-α/NFκB pathway, and 

TNFSF13B, which codes for a TNF family cytokine, 

were enriched during inflammation. One day of 

meditation retreat is associated with more significant 

methylation and suppression of TBKBP1 and TNFSF13B 

gene, indicating the link between meditation and reduced 

inflammation through the NFκB and TNF pathways.29  

Another protein involved in the inflammatory pathway is 

brain-derived neurotrophic factor (BDNF). This protein is 

involved in complex inflammation, immunity, and stress 

response regulation.30 Meditation is also found to 

improve the BDNF levels. The basal levels of BDNF 

predict an increase in bulk TL. Multiple mechanistic 

reasons were proposed by Cahn et al for the observed rise 

in BDNF levels following meditation. First, like intensive 

learning regimens that enhance neuroplasticity by raising 

BDNF signalling, meditation activates attentional 

engagement and modulations of frontal brain circuitry 

that engage neuroplastic brain mechanisms. Second, 

because deep breathing, yoga, and meditation raise the 

vagal tone and activate the BDNF receptor TrkB, they 

may also impact the autonomic nervous system. Finally, 

these effects might also be influenced by how meditation 

practices reduce stress reactions. Therefore, based on 

available evidence, there is a possibility of maintaining 
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telomere health through the modulation of inflammation 

through meditation practice.31 

Meditation, oxidative stress, and telomere 

Oxidative stress is when oxidant levels exceed 

antioxidant levels, creating an imbalance within the body. 

Reactive oxygen species (ROS) are oxidants that can 

damage proteins, lipids, and nucleic acids within cells. 

Conversely, the body produces antioxidants 

endogenously through antioxidant enzymes, including 

glutathione peroxidases, catalase, peroxidases, and 

peroxiredoxin, or obtains them exogenously through 

dietary sources.32 

Some models have been put forth to elucidate the 

mechanisms through which oxidative stress induces 

alterations in telomeres. Nevertheless, no consensus has 

been reached on a universally accepted model, and 

numerous questions remain unanswered. Indeed, it 

remains unclear whether oxidative stress induces changes 

in telomeres through direct or indirect pathways. A 

review by Barnes et al provides a comprehensive 

overview of the models related to oxidative stress and 

telomere changes. However, the oxidative DNA damage 

model is the most widely discussed.33 

The oxidative DNA damage model posits that when ROS 

interact with DNA, this reaction can result in the 

oxidation of over 100 different bases, including purines 

and pyrimidines, as well as the formation of single-strand 

breaks and apurinic/apyrimidinic sites.14 Guanine, the 

natural base most susceptible to oxidation, can produce 8-

oxo guanine (or 8-oxoG), which is more sensitive to 

oxidation. Nevertheless, whether this oxidative damage 

results from heightened susceptibility to oxidative 

damage or diminished telomere repair efforts remains 

unclear. Further research is necessary to elucidate the 

mechanistic pathway through which telomeres are altered 

by oxidative stress, even within this model.34 

The potential of meditation to influence oxidative stress 

levels through various cellular and molecular 

mechanisms has been increasingly recognized. Several 

studies have demonstrated meditation’s efficacy in 

reducing oxidative stress and enhancing antioxidant 

defense mechanisms. For example, research has 

demonstrated that meditation practices can result in a 

reduced redox state, which is advantageous for reducing 

oxidative stress levels.35 Meditation has been linked to 

decreased cortisol and elevated melatonin levels, which 

are vital for regulating oxidative stress.8 

Research has demonstrated that meditation can enhance 

superoxide dismutase (SOD) activity, mitigate lipid 

peroxidation, and function as an antioxidant therapy at 

the cellular level. These findings indicate that meditation 

may directly influence the cellular antioxidant defense 

system, thereby mitigating oxidative stress. Asana, 

pranayama, and meditation have been demonstrated to 

enhance oxygen flow to cells, reduce stress levels by 

modulating the HPA axis, and potentially impact TL.36 

Furthermore, evidence suggests that meditation practices 

are associated with lower levels of a marker of oxidative 

stress, such as lipid peroxidation, indicating a potential 

role for meditation in maintaining cellular health and 

reducing oxidative damage.37 In relation to pranayama, a 

recent systematic review revealed that breathing exercises 

were effective in improving various oxidative stress 

markers, particularly malondialdehyde, SOD, and 

glutathione. Meditation was observed to induce the 

conversion of SOD to hydrogen peroxide through the 

catalysis of oxygen reduction. This hydrogen peroxide 

was then converted to water by glutathione, effectively 

reducing oxygen free radicals. Effect more pronounced in 

group that performed breathing exercises.38 

Concerning the molecular mechanisms involved, there is 

evidence that meditation is associated with alterations in 

gene expression related to cellular metabolism and 

oxidative stress pathways.39 It has been proposed that 

meditation training may influence telomeric regulation by 

affecting acute and habitual stress processes, which could 

potentially impact cellular aging and oxidative stress.40 

Additionally, evidence suggests that meditation 

upregulates the genes’ expression in maintaining TL, 

which may contribute to controlling cellular aging and 

reducing oxidative stress.41 

MEDITATION EFFECTS ON TELOMERE 

Various studies have explored the relationship between 

meditation, TA, and TL to understand how mindfulness 

practices may influence cellular aging processes. 

Meditation has been shown to alter relative TLs, with a 

greater effect observed in women. This significant 

finding can potentially be used as a biomarker associated 

with longevity.42 Epel et al proposed that specific forms 

of meditation, including mindfulness meditation, 

transcendental meditation, mantra meditation, tai chi, and 

cognitive behavioral stress management, could positively 

impact TL by reducing cognitive stress, enhancing 

positive mental states, and promoting hormonal factors 

supporting telomere maintenance. In a review by Conklin 

et al only two of the nine studies measuring TL that 

involved interventions of relatively high intensity or 

duration demonstrated increased TL in the treatment 

group.43 Conversely, the remaining seven studies found 

no significant change in TL. The results suggest that 

meditation may directly influence cellular aging by 

affecting stress responses and psychological well-being.44 

Studies like Alda et al have suggested that Zen 

meditation, in particular, is linked to longer leukocyte 

TL, indicating a potential association between 

mindfulness practices and cellular aging processes. Zen 

meditation is potentially associated with longer TL and 

reduced cellular aging through mechanisms involving 

reduced experiential avoidance and enhanced self-

compassion. The group of Zen meditation experts had a 
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significantly longer median TL (10.82 kb) compared to a 

matched healthy comparison group (9.94 kb). The 

meditators also had a significantly lower percentage of 

short telomeres (5.22 kb) than the non-meditators (4.80 

kb). Moreover, Thimmapuram et al demonstrated 

increased TL in healthcare professionals practicing 

heartfulness meditation, even with shorter daily 

meditation durations (less than 30 minutes) in real-world 

settings, suggesting that while longer durations are 

expected to be more beneficial, incorporating meditation 

into short daily routines may also positively impact 

telomere maintenance. Additionally, Carlson et al 

explored how practices like asana, pranayama, and 

meditation could influence telomere stability through the 

regulation of telomere metabolism and contribute to 

genomic stability and reduction in telomere attrition, 

which could positively impact telomere stability.45 

Research by Sung et al found that participants in a high-

intensity Insight meditation retreat (10 hours a day) 

experienced increased TL compared to meditation-

experienced individuals who did not engage in the 

intensive program, highlighting the potential influence of 

training intensity on telomere maintenance. Interestingly, 

this study also found that personality traits predicted the 

changes in TL, indicating that the depth and rigor of 

meditation may affect its impact on cellular aging 

markers. Furthermore, Sheikh-Wu et al emphasized the 

interconnectedness between telomeres, cognition, mood, 

and physical function, suggesting that meditation and 

mindfulness practices aimed at reducing chronic stress 

and enhancing positive arousal could help maintain TL 

and overall well-being, underscoring the holistic benefits 

of meditation beyond cellular aging, extending to 

cognitive and emotional health.24,46 

Meditation has also been found to influence TA, a critical 

cellular aging biomarker. A review by Conklin et al 

highlighted a growing body of research investigating the 

connection between meditation practice and telomere-

related outcomes, such as TL and TA. Nine of the eleven 

studies measuring TA found intervention-related 

increases or higher TA in the treatment group following 

meditation interventions. Two studies found no 

significant changes in TA. Four studies assessed both TA 

and TL concurrently, each reporting significant changes 

in one measure but not the other. They suggest that TA 

and TL have different kinetics and fluctuate on different 

time scales.47 

The evidence shows a promising relationship between 

mindfulness practices and cellular aging processes 

measured by telomere activity. Meditation may play a 

role in maintaining TL and supporting overall cellular 

health by reducing stress, promoting positive mental 

states, and potentially influencing hormonal factors. The 

intensity, duration, and type of meditation may all 

contribute to its effects on telomeres, emphasizing the 

need for further exploration to fully understand the 

underlying mechanisms of these relationships.48 

MECHANISMS ON HOW MEDITATION 

AFFECTS STEM CELL  

From telomere to stem cell 

TL has been closely linked to stem cell pluripotency and 

function in the context of stem cells. Telomeres play a 

critical role in regulating the replicative capacity of stem 

cells, which are essential for tissue regeneration and 

maintenance. Studies have demonstrated that TL 

homeostasis is crucial for determining the proliferative 

potential of stem cells and ensuring tissue homeostasis. 

This balance between telomere elongation and trimming 

is essential for maintaining telomere stability in stem 

cells, highlighting the significance of telomeres in stem 

cell biology.  

Telomerase, the enzyme responsible for maintaining TL, 

has been a critical focus in understanding the dynamics of 

telomeres in stem cells. The regulation of TA is 

intricately linked to the maintenance of TL. It is essential 

for the long-term survival and function of stem cells. TA 

ensures genomic stability and cellular proliferation in 

stem cell populations. Telomerase is crucial for 

maintaining TL, especially in stem cells that support self-

renewal and differentiation. By enhancing TA, meditation 

may improve cellular resilience under stress conditions, 

thus promoting longevity and optimal cell function. Stem 

cells, susceptible to telomere shortening and senescence, 

benefit significantly from meditation-induced increases in 

TA. By preserving TL, stem cells can sustain their 

replicative capacity and contribute to tissue regeneration 

and repair processes. 

Given the established role of telomeres in regulating stem 

cells, it is plausible to suggest that telomere structure and 

function alterations may indirectly impact stem cell 

biology. The potential for meditation to modulate 

telomere integrity could, therefore, have implications for 

stem cell maintenance, including their proliferative 

capacity and availability.49 

Meditation and stem cell 

Meditation has been a subject of interest in understanding 

its potential effects on stem cell activity, differentiation, 

and trafficking. Stem cells play a crucial role in tissue 

regeneration, repair, and maintenance; thus, exploring 

how practices like meditation may influence these 

processes is essential. Research has indicated that stem 

cell trafficking involves complex mechanisms that 

various factors, including signalling pathways, cell 

surface interactions, and tissue-specific environments, 

can influence. Understanding the dynamics of stem cell 

trafficking is crucial for developing targeted interventions 

that could optimize stem cell mobilization and homing, as 

discussed in Suárez-Álvarez et al study.51 

Studies such as Kucia et al have highlighted the pivotal 

role of the SDF-1-CXCR4 axis in regulating the 
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trafficking of various types of stem cells in the body, 

including both non-malignant and malignant stem cells, 

emphasizing the importance of understanding the 

molecular mechanisms involved in stem cell movement.52 

Small-molecular inhibitors of CXCR4 and other 

compounds can increase the mobilization of HSCs and 

nonhematopoietic stem cells into the peripheral blood. 

Further study by Fyfe-Johnson et al found a marked 

increase in the expression of CXCR4 on the endogenous 

progenitor cells after an eight-week manualized 

relaxation response meditation intervention. The result 

suggests that interventions targeting this axis, potentially 

influenced by meditation practices, could impact stem 

cell trafficking dynamics.53 

Moreover, Kraitchman et al suggested that defective 

trafficking of stem cells could be a significant mechanism 

in diseases like endometriosis, underscoring the 

importance of understanding how external interventions, 

such as meditation, could potentially modulate stem cell 

movement to mitigate disease processes.54 Similarly, 

Williams et al demonstrated that FLT3 ligand 

administration could influence the trafficking of 

hematopoietic stem cells (HSCs) through interactions 

with CXCR4 and the marrow niche, indicating the 

potential for external factors to regulate stem cell 

trafficking.30 

Smith-Berdan et al highlighted the regulation of HSC 

trafficking by complex mechanisms involving endothelial 

cells and vascular niches.33 Endothelial and perivascular 

cells, such as mesenchymal stem cells and osteoblasts, 

play essential roles in HSC maintenance and 

mobilization. The Slit2-Robo4 signalling pathway has 

been shown to promote vascular stability by blocking 

Arf6 activity, and Robo4 is a vascular-specific receptor 

that inhibits endothelial migration. Multiple adhesion 

molecules, such as selectins, integrins, and CD44, are 

involved in HSC homing and engraftment. In addition, 

chemokines and cytokines, such as CXCL12 and SCF, 

regulate HSC mobilization from the bone marrow to 

peripheral blood in response to physiological and 

pathological stimuli. Overall, the regulation of HSC 

trafficking is a complex process that involves multiple 

cell types and molecular signals, and further research is 

needed to understand the mechanisms involved 

completely. Meditation-based practices, one of which is 

meditation, have long been suspected to initiate the 

mobilization of hematopoietic stem cells and very small 

embryonic-like stem cells (VSEL) to the peripheral 

circulation. The mobilization of these stem cells was 

dependent on the participant’s age, exercise intensity, and 

exercise status.  

Meditation has also been shown to affect stem cell 

differentiation. Mindfulness-based interventions, 

including mindfulness meditation, have increased 

populations of endogenous progenitor cells in patients 

with systolic hypertension, indicating a potential for 

arterial repair.29 A mindfulness meditation intervention 

has also been shown to improve physical and 

psychological symptoms in hematopoietic stem cell 

transplant patients. Additionally, a short, intensive mind 

and body therapy program was found to upregulate 

hematopoiesis and adult stem cell numbers while 

controlling genes that regulate age-related 

complications.50 

Overall, from available evidence, while the direct impact 

of meditation on stem cell activity, differentiation, and 

trafficking requires further investigation, existing 

research suggests that external factors can influence these 

processes. Understanding the intricate mechanisms 

involved in stem cell dynamics and how interventions 

like meditation modulate these processes could pave the 

way for novel therapeutic approaches targeting stem cell 

behavior. 

FUTURE PERSPECTIVE 

Future research on the effects of meditation on TL and 

stem cell activity should prioritize long-term, longitudinal 

studies across diverse populations to observe sustained 

impacts and generalize findings. These studies should 

include participants from various age groups, ethnicities, 

and health conditions to identify subgroups that may 

benefit most from meditation practices. Additionally, in-

depth mechanistic studies are essential to elucidate the 

precise pathways through which meditation influences 

TA, TL, and stem cell dynamics. Understanding the 

molecular and genetic changes induced by meditation, 

particularly its modulation of the HPA axis, inflammatory 

pathways, and oxidative stress, will provide valuable 

insights. 

Moreover, future research should evaluate the 

comparative effectiveness of different meditation 

techniques, such as mindfulness meditation, loving-

kindness meditation, and yoga, considering factors like 

intensity, duration, and frequency of practice. 

Investigating the synergistic effects of meditation 

combined with other lifestyle interventions, such as 

dietary modifications, aerobic exercise, and stress 

management, could offer a comprehensive approach to 

promoting healthy aging. Translational research is also 

necessary to develop meditation-based interventions for 

clinical applications, particularly for patients with age-

related diseases, cardiovascular conditions, and chronic 

stress-related disorders. Integrating technology, such as 

mobile applications and wearable devices, can facilitate 

large-scale studies by providing accessible platforms for 

monitoring practice adherence and physiological changes, 

enhancing data collection and participant engagement. 

CONCLUSION 

Meditation appears to impact telomere and stem cells, 
potentially influencing cellular aging, regeneration, and 
overall physiological well-being. Research indicates that 
meditation can enhance TA, improve TL, and positively 
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affect stem cell dynamics through mechanisms involving 
stress reduction, immune system, inflammation, and 
oxidative stress. These findings underscore the potential 
of meditation as a valuable intervention for promoting 
healthy aging and mitigating age-related diseases. 
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