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Current Opinion in Psychology. 

The aim of the issue is to provide a representative view of the current theory and 
research on mindfulness. We would be very keen to cover developments in research
on the effects of mindfulness meditation on telomere biology, and we’re 
wondering whether you might be willing to write on this subject based on your 
seminal work in this field.
 

❖ short review, in which you are free to express your own opinion on the 
subject. 

❖ no more than 2000 words of text (not including tables, figures, or 
references). 

❖ cite up to 50 of the most interesting and relevant articles published recently 
in the field. 

❖ due date for the submission is September 1, 2018.
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Abstract

Both theoretical and empirical work support the notion that meditation training can 

promote healthier aging. At the cellular level, this includes longer telomeres, and 

adaptive levels of telomerase activity and telomere-related gene expression. A 

growing body of research suggests that meditation experience is related to better 

telomere profiles, but the psychological and biological mechanisms underlying 

these changes remain underspecified and untested, as do the contexts and 

boundary conditions in which these changes occur. Here we summarize studies 

investigating the effects of various meditation-based interventions on telomere 

biology, highlighting gaps that warrant further investigation. We then propose a 

model describing how meditation training may impact habitual stress processes and

acute stress responses, as pathways to improved telomere biology.
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Telomeres are DNA-protein complexes that cap and protect eukaryotic 

chromosomes. Telomeres are dynamic structures, regulated by an intricate system 

of proteins and other molecular components including telomerase, an enzyme 

capable of lengthening telomeres. When telomeres become too short, critical 

cellular events occur, such as cell death or inflammatory output and a state of 

prolonged senescence. Telomeres have been widely studied over the past decade 

as they have become easily measured in population-based studies. They reliably 

predict many diseases of aging [meta-analytic cites for CVD, diabetes, dementia], 

with evidence suggesting that telomere biology plays a small but causal role in 

disease processes. Specifically, genetic loading for short telomere length predicts 

degenerative diseases such as cardiovascular disease, and interestingly, genetic 

variation for longer telomeres predicting propensity for certain cancers, including 

glioma [Haycock].

Telomere length (TL) shortens slowly throughout life, though there is some 

degree of malleability in immune cell telomere length. Telomere length is 

associated with lifestyle factors [Lin, Epel & Blackburn 2012] and is shortened by 

long-term psychosocial adversity and stress exposures (early childhood adversity-

meta, refugee displacement, caregiving [Damjanovic]). This link between telomere 

shortening and stress exposure raises the question of whether interventions that 

alter stress processes might improve telomere maintenance over time. We 

previously proposed a theoretical model exploring the impact of mindfulness 

meditation on telomere length (2009). In the decade since this model was posited, a

small body of research has emerged that directly addresses the relationship 

between meditation practice and telomere-related outcomes (telomere length, 

telomerase activity, or telomere-related gene expression). Yet, very few studies 

have investigated the actual mechanisms that may link changes in mind states to 

changes in cellular health. Here we review the empirical work and propose an 

updated model describing how various meditation practices and training 

environments might influence habitual and acute stress processes, which in turn 

may impact telomere biology processes and, if sustained, improve long term 

telomere stability.

What we know so far:
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Meditation-related changes in Telomerase Activity and Telomere 

Length. There have now been a total of 19 studies examining telomere health in 

relation to meditation, many of which are best described as pilot studies of varying 

quality. Two studies cross-sectionally compared experienced meditators to 

community controls, finding longer telomeres in meditators ([Alda] n=20; [Hoge] n=

13, in women only). The remaining 17 examined telomere-related outcomes in 

relation to interventions involving or emphasizing a meditation component (Table 

1).

It was initially assumed that telomere length could not change within the 

weeks or months typical of meditation interventions, so most studies have 

measured telomerase activity as an indicator of telomere health. Of the elven 

eleven studies measuring telomerase activity, nine found intervention-related 

increases in telomerase [Kumar, Lavretsky, Rao, Ornish, Daubenmier, Lengacher, 

Tolahunase, Epel] or higher telomerase activity in the treatment group post-

intervention [Jacobs], while two found no significant change in telomerase activity 

(cite those two). Need sentence about how many measured telomere length. By 

contrast, only three studies, which involveding interventions of higher intensity or 

greater duration than what?, showed increased telomere length [Conklin, Ornish 

2013, Tolahunase], while the remaining six  of what? found no change [Rima, Wang,

Thimmapuram, Carlson, Duraimnai, Lengacher]. 

Interestingly, three out of the four studies that measured both telomere 

length and telomerase activity found intervention-related changes in one but not 

the other [Tolahunase, Lengacher, Ornish 2013, Conklin]. Since telomere length and

telomerase activity are uncorrelated in cross sectional studies of healthy humans 

[Citation, Jue?], it may not be surprising that these two outcomes do not change 

simultaneously in intervention trials. It is possible that meditation training promotes

initial changes in telomerase activity, which increase telomere length over a longer 

period of time, though the length of time needed to see these effects is unknown. 

Initial evidence suggests that changes can happen rapidly. For example, in intensive

retreat studies of experienced meditators, telomerase increases have been seen in 

as short as one week [Epel 2016], while telomere length changes have been 

observed in as little as three weeks [Conklin]. Yet, itIt is unknown how long these 

increases persist. Generally speaking, telomere regulation is a dynamic system with

complex temporal features that are not yet fully understood. Thus, truly 
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understanding the impact of meditation training on telomere health will require 

more frequent sampling and follow-up assessments. Advancing the field will also 

require studies designed to measure multiple indicators of telomere health using 

gold standard collection and measurement methods (e.g., drawing blood when one 

has no symptoms, using certain DNA extraction and storage methods, etc.) from 

various cell types that do not have shifting distribution of cell subtypes such as 

buccal cells, in addition to blood.

Moderators (or is it mediators?) of telomere outcomes. Although the 

predominant theory assumes that meditation training influences telomere biology 

by reducing psychological stress processes, very few of these studies included 

measures of stress to test this hypothesis. However, sSeveral studiesome did 

measure psychological factors that are likely to play a contributing role. For 

example, studies have found associations between increases in telomerase activity 

and improvements in mental health [Lavretsky] and declines in psychological 

distress [Ornish 2008; Daubenmier]. In a study of meditation retreat participants, 

Jacobs et al. [2011] found that improvements in perceived control, greater purpose 

in life, and decreases in neuroticism appeared to mediate the higher post-retreat 

telomerase activity levels. In a recent retreat study, we found that baseline levels of

neuroticism and agreeableness predicted retreat-related increases in telomere 

length . 

Interestingly, multiple studies have now found that changes in telomere 

outcomes in response to both brief [Bhasin] and intensive periods of practice [Epel 

2016, Conklin] vary depending on the practitioners’ level of prior meditation 

experience. These findings seem to suggest that experienced practitioners may 

have a more developed ability to derive benefit from periods of practice. They also 

underscore the importance of studying various stages of meditation training, as 

mechanisms and outcomes of interest may differ across the developmental 

trajectory.

Stress processes and their relation to telomere biology

In psychology, the “stress response” traditionally refers to a range of possible
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cognitive, affective, behavioral, and physiological reactions to discrete stressful 

events or exposures (See Stress Typology [Epel, Crosswell 2018]). This multisystem 

response is often referred to as the ‘acute stress response’ and includes 

psychological and physiology anticipatory elevations before the event happens, 

peak reactivity in response to the event, and recovery following the event. These 

acute stress responses are influenced by one’s current and historical context, and 

characteristics of the specific stressor stimuli. A core tenet of models linking stress 

to health is that there are ‘maladaptive’ forms of this acute stress response that, if 

sustained, lead to long-term health problems [McEwen, 1998].

Acute stress reactivity refers to the magnitude of the immediate response 

to a stressor, as measured by changes in affective or physiological measures 

(cardiovascular, hormonal, immune) from pre-stressor to peak arousal. This peak 

often occurs during the stressor, though for some systems it may occur after the 

stressor has subsided, as is the case for cortisol. Greater peak reactivity is related 

to shorter telomeres in children [Kroenke et al., 2011, Gotlib et al., 2015], but 

findings in adults are mixed [Savolainen, 2015, Tomiyama 2012, Woody et al. 

2017]. In the largest study, Steptoe et al (year) found that higher cortisol reactors 

had greater telomere attrition three years later. Another important feature of the 

acute stress response is acute stress recovery, or how quickly one returns to 

basal states after arousal. This phase may be even more important for long-term 

health outcomes, as prolonged reactivity heightened responses can lead to the 

increased wear and tear known as allostatic load [McEwen 1998]. Indeed, greater 

rumination following a psychosocial stressor has been linked to greater cortisol 

reactivity and slower recovery [Zoccola & Dickerson, 2011], which, in turn, are 

linked to shorter telomeres and lower telomerase activity [Puterman & Epel 2010]. 

Repeated exposures and perseverative cognitions are two mechanisms that 

extend the acute stress response in to the territory of disease. Repeated exposures 

can lead to divergent paths for habituators and non-habituators [Peters & McEwen, 

2015]. Habituation occurs when an individual's acute stress response diminishes 

increases in efficiency upon repeated exposure. This is thought to be crucial for 

adapting to challenging environments but can lead to decreased vigilance [Peters &

McEwen, 2015]. Alternatively, those who do not habituate may experience 

anticipatory sensitization, whereby their acute stress response of is exacerbated 

with repeated exposures. This phenomenon is linked with perseverative cognitions, 
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such as anticipatory stress, or worry leading up to an event. Anticipatory threat 

appraisals have been highlighted as one key mechanism linking psychological 

stress and telomere attrition [O’Donovan 2010]. 

One fundamental principle of the acute stress response is that it is activated 

by the perception of threat, either to the physical or social self. Yet, the meaning 

and interpretation of stimuli (cognitive appraisals of the experience) are affected by

habitual mental filters that vary by person and context. These filters include 

mental representations of the self (i.e., self-schema) and others (e.g., attachment 

figures), as well as measurable perceptions of one’s environment (e.g. 

hypervigilance to negative stimuli or threats). They also include personality traits 

such as pessimism, neuroticism and hostility, which have been linked to prolonged 

stress reactivity and telomere attrition [Lin, Epel & Blackburn 2012]. Mental filters 

are shaped by life experience and influence how one sees and interprets the world. 

For example, having a history of childhood trauma leads one to anticipate negative 

events, and to have more maladaptive stress responses to acute stressors (e.g. 

greater ‘threat’ versus ‘challenge’ autonomic reactivity profiles; McLaughlin). 

Individuals also have basal physiological states underlying their reactivity 

profiles. These allostatic states (multisystem physiological ‘basal’ states) refer to 

the baseline arousal states of the autonomic nervous system, neuroendocrine, and 

metabolic hormones, as well as the level of systemic inflammation from the immune

system and tissues. These basal states are often elevated or dysregulated in 

individual experiencing chronic stress, putting them at a disadvantage when faced 

with acute stressors (since their system is already working at high capacity). These 

Individuals are also more likely to develop habitual processes that lead to

maladaptive acute stress reactivity profiles [O’Donovan, 2012, 2013]. High basal 

levels of cortisol, inflammation, and oxidative stress relate are associated with to 

shorter telomere length [Epel & Prather, 2018]. 

Various forms of meditation have been shown to beneficially affect aspects 

psychology or physiology at every level of the acute stress response, (i.e., 

anticipation [Turan et al 2015], reactivity [Keng et al 2011, Creswell, Lindsay; 

Rosenkranz 2016], recovery [Crosswell 2017] and habituation [Goleman & 

Schwartz, 1976]), as well as basal levels of autonomic nervous system, metabolic 

hormones, chronic inflammation, and cortisol [Cole, Bower, Bostock 2018, though 

see O’Leary, O’Neill, & Dockray 2016 and Matousek, Dobkin and Pruessner 2010]. 
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Yet, these findings are often mixednot consistent (e.g. . O’Leary, O’Neill, & Dockray 

2016 and Matousek, Dobkin and Pruessner 2010). Given the diversity of meditation 

practices, unpacking it may be fruitful to investigate how different aspects 

meditation influence basal stress processes and components of the acute stress 

response may be important to understanding these mixed findings. , These linkages

are as shown inshown in  Figure 1 and discussed below. 

Effects of meditation training on stress processes

 Meditation practices can be conceived of as a variety of techniques 

developed to regulate a range of psychological processes, particularly those having 

to do with perceptions of reality and the self [Dahl, Lutz, Davidson, 2015]. As such, 

we expect various meditation techniques to target the mental filters that shape 

acute stress appraisals and responses, as well as the perseverative cognitions that 

extend stress reactivity in to disease states. 

One contemporary classification system organizes meditation techniques in 

to ‘families’ of practice based on the cognitive mechanisms they are believed to 

target [Dahl, Lutz, and Davidson 2015]. The attentional family describes a class of 

practices used to train the self-regulation of attention, so that it can be applied at 

will. Often, interoceptive and sensory stimuli (e.g., sensations of the breath) are 

used as the object of attentional training. This process of orienting attention to 

bodily sensations can disrupt self-referential processing [Barsalou] and bring clarity 

and granularity to one’s emotional experiences, likely contributing to improved 

emotion regulation. Together these processes may enable greater control over 

one’s emotional reactions to acute stimuli and may also bring awareness to aspects 

of unconscious affect and embodied emotions that contribute to prolongedchronic  

stress arousal. Training attention to one's’ present-moment experience has also 

been shown to reduce elaborative processing of stimuli [Slagter et al. 2007] and to 

inhibit habitual responding [Zanesco, 2018]. These changes may lead to a more 

efficient and flexible use of attentional resources that promotes less catastrophic 

and more accurate appraisals of experience, as well as more adaptive responses. 

Other cognitive processes thought to improve with attention training are 

meta-awareness and dereification (also conceptualized as orthogonal dimensions of 
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mindfulness [Lutz]). Meta-awareness describes the ability to observe and monitor 

one’s internal processes of thinking and feeling [Dahl 2015]. Dereification occurs 

when thoughts, feelings and perceptions, are observed as temporary mental 

phenomena rather than accurate reflections of reality [Lutz 2015, Dahl 2015]. 

Together, these faculties may help to disrupt negative self-concepts and 

perseverative cognitions, and to promote the reappraisal of potentially threatening 

stimuli.

Furthermore, dDereification is also a more explicit target of the 

deconstructive family, a set of self-inquiry practices used to foster insight into the 

processes of perception, emotion, and cognition. The goal of these practices is often

to deconstruct maladaptive internal models of self, others, and the world [Dahl 

2015]. 

Finally, the constructive family of practices are intended to cultivate cognitive

and affective patterns that foster well-being.

perspective taking and reappraisal

An  kind attitude of self-compassion, inherent in most mindfulness 

interventions, appears to have potent effects in attenuating stress processes such 

as XXX (citations, stress cognitions? Cortisol?). Self-compassion and decreases in 

experiential avoidance can break the cycle of anticipatory anxiety, maladaptive 

peak reactivity, and prolonged recovery, to be a more positive stress profile 

characterized by greater recovery. It may also lead to greater habituation upon next

exposure. 

The boundaries between these families of practices are not clear cut, and 

some practices may target multiple cognitive mechanisms involved with both basal 

states of perception and acute stress responding. Given the multiple mechanisms 

through which meditation training may affect habitual and acute stress processes, 

and the interactions between these processes, it will be difficult to map specific 

mechanisms of meditation to stress processes to telomere biology. This diversity 

and nonlinearity of mechanisms may help explain why different types of meditation 

interventions, as well as other mind-body interventions such as yoga and qigong, 

have been found to have positive effects on telomere biology
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Meditation training contexts: safety and support

While traditional stress-health models link stress arousal to worse health 

through repeated activation of the acute stress systems (e.g. McEwen, 1998), the 

Generalized Unsafety Theory of Stress (GUTS [Brosschot, Verkuil, Thayer]) posits 

that it is a consistent lack of perceived safety, rather than exposure to frequent 

stressors, that activates and prolonged stress-related physiology , ultimately 

causing biological damage [Brosschot, Verkuil, Thayer]. This framework assumes 

that the stress-response is active by default and is only inhibited by learned safety 

cues. To suppress the default response, one needs to learn or re-learn safety cues. 

Thus, making fundamental shifts in perceived and unconscious stress and allostatic 

strain may require immersion in safety cues, until they become believed and 

habitual. Meditation training may have unique effects by increasing perceptions of 

safety—safety within the context of the self, in social exchanges, and by providing 

physically safe environments. 

Meditation teachers ideally model a supportive and nonjudgmental figure—a 

role model who can be trusted. This relationship may target social stress by 

creating feelings of safety and activating schemas of interconnectedness. Similarly, 

interacting with a community of individuals who share and a support a common 

goal—the sangha, as they might be referred to in Buddhist traditions—may also 

contribute to a more benevolent and compassionate view of others....

Meditation training often occurs in the context of a highly supportive 

environment. Residential retreats are the most extreme and unique example, where

one is sequestered from real world demands and threats and taken care of in terms 

of basic needs. This may be a particularly beneficial training format for individuals 

with greater unconscious generalized unsafety, with risk factors such as early 

trauma, insecure attachment, and high neuroticism—the latter indicated by our 

recent retreat study [Conklin]. 

Conclusion

Recent research gives reason to believe that meditation training can improve
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telomere maintenance and health. Yet, this literature is still too sparse to fully 

understand how and under what conditions these effects are achieved, or how long 

they might last. We proposed here that changes in basal psychological and 

physiological functioning, and changes in acute stress responses, are potential and 

thus far untested mechanistic pathways from meditation training to telomere 

biology alterations.  As measuring telomere processes and length becomes easier, 

the next generation of meditation intervention studies will be able to determine 

more definitively if and how telomere biology is impacted.   in a meaningful way. 

This will involve testing the potential mechanism described here, as well as a more 

systematic investigation of the different dimensions of various meditation 

interventions, including styles of practice, duration, intensity, ,and training 

environments and social support. There is still much to learn  relationships outlined 

in Figure 1 are likely complex and multidetermined, yet there is still much we can 

learn about the specificity of meditation-stress-biology mechanisms. how meditation

influences biological functioning. 
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Figure 1: Theoretical model of how meditation training may impact 
telomere biology via stress processes 

Only some of the mechanistic pathways proposed have been tested. For example, 
there is evidence for the link between stress appraisals and telomere length 
[O’Donovan 2010], and for the ability of meditation training to enhance positive 
reappraisals [cite], yet no study has simultaneously assessed the full mediational 
pathway—of whether an intervention changes stress appraisals and subsequently 
telomere biology. Similarly, there is evidence that meditation training reduces 
rumination [cite], but no studies have specifically studied association between 
telomere length and rumination in general, or in relation to meditation training.
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