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Abstract
Objectives  Previous meta-analyses suggested that mindfulness-based interventions (MBIs) may have beneficial effects on 
telomere length (TL) and telomerase activity (TA), two biological markers of cellular aging and cell stress. The present 
review aimed to provide the most comprehensive synthesis of the available evidence to date and tested a number of important 
effect moderators.
Method  Twenty-five studies (18 RCTs, 1 RCT and cohort study, 6 non-randomized studies) with 2099 participants in total 
were obtained with a systematic literature search, 10 studies had not been included in any previous meta-analysis. Effect 
sizes were aggregated with random-effects models, the risk of bias was evaluated with standardized checklists, and the most 
influential moderators were identified with a machine-learning approach.
Results  On average, MBIs had small-to-medium effects on TL (g = 0.23, 95% CI = [0.07, 0.39], p = 0.006) and TA (g = 0.37 
[0.01, 0.73], p = 0.046), which, however, were driven by retrospective case–control studies with experienced meditators (TL) 
and by studies without control interventions and studies from Asia (TA). Most studies had an unclear risk of bias and low 
analytic power, and there was an indication of publication bias among the TL studies.
Conclusions  TL may not be a useful outcome to assess the efficacy of common MBIs. Effects on TA were smaller than 
previously assumed and may not be specific for MBIs; TA likely is increased by other active interventions as well. More 
high-quality and high-powered studies, which also apply open-science practices, are needed to move the field forward.

Keywords  Mindfulness · Meditation · Telomere length · Telomerase activity

Mindfulness has its roots in Buddhist teachings with the goal 
of achieving “a state of transcendent bliss and peace” (Bodhi, 
2011, p. 21). In current Western research and practice the term 
mindfulness acts more as an umbrella term, encompassing 
different practices, processes, and characteristics that are all 
connected to the concepts of attention, awareness, memory/
retention, and acceptance/discernment (Van Dam et al., 2018). 
In recent years, mindfulness as well as associated practices, 
like meditation techniques and yoga, have become popular 
tools for stress reduction and improving mental health (Gold-
berg et al., 2022; Van Dam et al., 2018). Mindfulness-based 
interventions (MBIs), such as Mindfulness-Based Stress 

Reduction (Kabat-Zinn, 1990), have also been employed in 
clinical settings to improve symptoms of anxiety, depression, 
and other health issues (Goldberg et al., 2022). The mecha-
nisms through which MBIs influence mental health likely lie 
in the combination of enhancing positive emotional regulation 
strategies and self-compassion as well as decreasing rumina-
tion and experiential avoidance (Chiesa et al., 2014). This, 
in turn, may lead to a reduction of stress and better health. 
Other models of change highlight, for example, the four inter-
related components of attention regulation, body awareness, 
emotion regulation, and change in the perspective on the self 
(Hölzel et al., 2011); self-awareness, self-regulation, self-
transcendence, and six underlying neurocognitive networks 
(S-ART; Vago & Silbersweig, 2012); or attention monitoring 
and acceptance (MAT; Lindsay & Creswell, 2017) to explain 
the effects of MBIs on mental health (for an overview on these 
models, see also Tran et al., 2022).
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It has been hypothesized that mindfulness meditation 
could also affect cellular aging. Epel et al. (2009) proposed 
a model according to which mindfulness meditation affects 
telomere length (TL) through stress reduction by changing 
cognitive appraisal and decreasing rumination. Telomeres 
are repetitive nucleotide sequences that protect chromo-
somal ends from deterioration and preserve DNA material 
(Chan & Blackburn, 2004). TL typically decreases with age 
and is affected by life experiences as well as psychological 
and behavioral factors (Lin et al., 2012; Putterman & Epel, 
2012). A reduction in TL is associated with higher stress 
levels (Bojesen, 2013) and shorter telomeres predict mor-
tality and aging-related diseases (Blackburn et al., 2015) 
as well as psychological disorders (Epel & Prather, 2018). 
Previous meta-analyses (Dunn & Dimolareva, 2022; Schutte 
et al., 2020; Table 1) indeed provide support for a small but 
consistent effect of MBIs on telomere length.

TL can be restored through the enzyme telomerase (Chan 
& Blackburn, 2004), which is an important protective factor 
against biological aging. Like TL, telomerase activity (TA) 
is affected by stress, but it is still unclear whether stress leads 
to lower or higher activity, as both high and low levels of 
TA have been observed under stress exposure (Epel, 2012). 
Yet, increases of TA in response to stress may counteract 
telomere shortening and could therefore serve as an indicator 
of cellular stress (Epel, 2012).

Two meta-analyses (Dunn & Dimolareva, 2022; Schutte 
& Malouff, 2014; Table  1) have confirmed beneficial 
medium-to-large-sized effects of MBIs concerning increased 
TA. The interplay between TL, TA, stress, and declining 
health (Epel & Prather, 2018) could thus provide a biologi-
cal explanation for the beneficial health effects of MBIs.

There are currently in total three extant meta-analyses 
and two systematic reviews on the effects of MBIs on TL 
and TA (Table 1). Previous reviews differed in investi-
gated outcomes, the design of included primary studies, 
and number of included studies. Additionally, there was 
a large outlier in Schutte et al. (2020), which possibly 
hints at a reporting or coding error. Information about the 
risk of bias in individual studies was missing in Schutte 

et al. (2020) and Schutte and Malouff (2014). The sys-
tematic review by Dasanayaka et al. (2021) focused only 
on healthy subjects, while the systematic review of Black 
and Slavich (2016) focused more on immune-related bio-
markers and only included few studies assessing telomere 
length or telomerase activity. Both did not provide any sta-
tistical synthesis. Only primary studies written in English 
were eligible for inclusion in all of the four prior reviews. 
This may have resulted in language bias and the exclusion 
of further relevant studies.

In conclusion, each of the previous reviews addressed 
only part of the available evidence and could not provide 
detailed or high-powered analyses on effect moderators, 
because of the relatively small numbers of included studies. 
Potential moderators include study characteristics (e.g., pub-
lication year, study design, sample size, number of dropouts, 
study quality, conflicts of interest), participant characteris-
tics (e.g., age, sex, health status), aspects of the intervention 
(e.g., type and amount of meditation, if alone or in a group, 
at home or elsewhere), and the control condition. Partici-
pant, intervention, and control characteristics (cf. PICO: 
participants, intervention, comparison, outcome; O’Connor 
et al., 2008) may all be relevant for the apparent magnitude 
of reported effects (Goldberg et al., 2022). Furthermore, 
study characteristics may act as effect moderators, because 
they are related to the risk of bias and statistical power (e.g., 
study design, sample size, number of dropouts, study quality, 
conflicts of interest) and possible decline effects (publication 
year; see Protzko & Schooler, 2017).

Hence, the present review aimed to provide (1) a com-
prehensive synthesis of all available evidence of the effects 
of MBIs on TL and TA and (2) more detailed and higher-
powered moderator analyses. We investigated the follow-
ing three research questions (RQs): What are the overall 
effects of MBIs on TL (RQ1) and TA (RQ2)? Which study 
and sample characteristics may explain heterogeneity in the 
results of primary studies (RQ3)? We included both ran-
domized controlled trials (RCTs) and quasi-experimental 
studies, comparing either an MBI with a control condition 
or experienced meditators with non-meditators, and all types 

Table 1   Previous meta-analyses and systematic reviews

TL, telomere length; TA, telomerase activity; RCTs, randomized controlled trials; quasi-experimental studies, non-randomized prospective cohort 
studies or retrospective case–control studies; d, Cohen d; g, Hedges g

Authors Investigated outcomes Design of included primary studies Number of 
included primary 
studies

Reported summary effect

Dunn and Dimolareva (2022) TL and TA RCTs TL: 9, TA: 7 TL: d = 0.12, TA: d = 0.81
Dasanayaka et al. (2021) TL RCTs and quasi-experimental studies 5 None reported
Schutte et al. (2020) TL RCTs and quasi-experimental studies 11 g = 0.16
Black and Slavich (2016) TL and TA RCTs TL: 2, TA: 3 None reported
Schutte and Malouff (2014) TA RCTs 4 d = 0.46
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of samples (healthy, psychiatric, or other medical) to test the 
generality of effects.

Method

We adhered to PRISMA (Moher et al., 2009) in the descrip-
tion of the methods used in this meta-analysis. The full 
analysis code is provided in supplementary materials. The 
PRISMA-P protocol (Shamseer et al., 2015) of the present 
study can be found on the OSF repository (https://​osf.​io/​
827uk/).

Search Strategy and Study Selection

To identify relevant studies, we used five electronic data-
bases (PsychINFO, Pubmed, Clinical Key, CINHAL Com-
plete, and Google Scholar) as well as the reference lists of 
the three previously published reviews (Dasanayaka et al., 
2021; Dunn & Dimolareva, 2022; Schutte & Malouff, 2014; 
Schutte et al., 2020). For the electronic database search, 
we employed a multi-tiered search strategy. The first stage 
included only the keywords “mindful*,” “meditation,” and 
“telomere*” (as we initially intended to assess only TL). For 
this search, PsychINFO, Pubmed, Clinical Key, CINHAL 
Complete, and Google Scholar (screening the first 1,000 
results for eligibility) were used. Searches were conducted 
on November 8, 2021, with Google Scholar and on Novem-
ber 9, 2021, with the other databases. Only studies in Eng-
lish were included in this first stage. The second stage of the 
literature search utilized only Google Scholar, because the 
other databases had not provided any further studies that 
were not also recovered with Google Scholar in the first 
stage. In this second search stage (conducted on March 4, 
2022, instead of April 3, 2022, as erroneously stated in the 
preregistration), we used the terms “mindful*,” “medita-
tion,” “telomere*,” and “telomerase*” without any language 
restrictions. The first 500 studies were screened for eligi-
bility. Both stages of the literature search were conducted 
independently and in duplicate by two reviewers. The inter-
rater agreement of study selection was 97.6%. The reviewers 
discussed disagreements until they reached a consensus.

Inclusion Criteria

Studies were selected according to the following inclu-
sion criteria: studies (1) used an RCT or a retrospective 
or prospective quasi-experimental design, (2) deployed an 
MBI or similar form of mind–body intervention, and (3) 
reported outcomes for TL and/or TA with (4) enough sta-
tistical information to compute an effect size. We excluded 
studies with A versus A + B designs (e.g., meditation vs. 
meditation + medication; to ensure that interventions were 

not too similar) or if they did not include a control condition 
(i.e., single-arm studies). There were no exclusion criteria 
regarding participant characteristics, settings, language, 
publication status, or publication years. Also, no limitations 
about the time span between baseline and post-interventional 
measurements in studies were set.

Quality Assessment

Risk of bias assessments was adopted from prior reviews 
(Dasanayaka et al., 2021; Dunn & Dimolareva, 2022) for 
studies, which had been included in these reviews. Inde-
pendent assessments were conducted for studies, which 
had not been rated before. Risk of bias was assessed using 
the Cochrane risk of bias tool (Higgins & Altmann, 2008) 
for RCTs, and the Joanna Briggs Institute checklists for 
case–control studies, cohort studies, and quasi-experimental 
studies (Moola et al., 2020; Munn et al., 2020). Since blind-
ing of participants was not possible in the present suite of 
studies, we excluded this category from the quality ratings. 
Judgments were made independently and in duplicate by two 
reviewers and disagreements were resolved through discus-
sion (also with the other authors). Interrater agreement for 
the risk of bias assessment was 89.9%. We used the overall 
risk judgment for each study for statistical analysis.

Data Extraction

The coding scheme was developed before data extraction 
from the studies selected in the first search stage. It was mod-
ified before data extraction from the studies of the second 
search stage to include information about TA. We extracted 
the following data from each study. Coded study character-
istics were: publication year, publication status, country, set-
ting, study design, type of effect size (see Summary Meas-
ures), n of total study and study arm, number and percent 
of dropouts, study quality (see next section), and conflicts 
of interest (as reported in the studies themselves). Partici-
pant characteristics included: mean age, percent women, and 
health status (whether participants had diagnosed illnesses); 
coded aspects of the interventions were: type and style of 
the mindfulness intervention, dosage, intervention elements 
concerning whether participants mediated on site and/or at 
home or were experienced meditators, meditation guidance 
(e.g., in person or via video), the delivery of the interven-
tion (in group or alone), and the control condition. For the 
calculation of effect sizes, we further extracted information 
on the type of outcome measure (TA/TL) and the required 
statistics (post-interventional means, change score means, 
SDs) of the intervention and control groups.

Two reviewers extracted the data independently and in 
duplicate from each eligible study. Interrater agreement of 
the coding was 93.0%. Disagreements were resolved upon 
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discussion. The corresponding author of one study (Puhl-
mann et al., 2019) was contacted via email for missing infor-
mation, but we received no reply.

Data Analyses

For TL and TA, outcomes were analyzed using Hedges’ g 
(with 95% CI), calculated for the post-interventional differ-
ences between intervention and control groups (Borenstein 
et al., 2021, p. 26–27, Formulas 4.18 and 4.22):

Where df = n1 + n2 and n1, n2, M1, and M2 are the sam-
ple sizes and post-interventional means of the two groups 
and SDpooled their pooled within-subject standard deviation. 
Intervention groups were assigned to Group 1, whereas con-
trol groups to Group 2. For studies reporting only change 
scores, an effect size measure for pretest–posttest-control 
group designs was calculated (Morris, 2008, Formula 5):

Where n1, n2, M1, M2, SD1, and SD2 are the sample sizes, 
mean change scores, and standard deviations of the change 
scores in the two groups. For the calculation of the variance 
of this effect size, Formula 16 from Morris (2008) was used, 
setting the unreported correlation between pretest and post-
test scores to r = 0.5 (as in other meta-analyses in the field, 
e.g., Goldberg et al., 2019; using other values also did not 
meaningfully impact results).

For the calculation of the overall effect size and its vari-
ance from Duraimani et al. (2015), who reported data from 
two independent markers, Formulas (29.1) and (29.2) from 
Borenstein et al., (2021, p. 265) were used to arrive at a 
single effect size, setting for the calculation of the variance 
r = 0.5 for the unreported correlation between the effect 
sizes. For the calculation of the overall effect size and its 
variance from Mason et al. (2018), who reported data from 
five independent markers, Formulas (29.4) and (29.6) from 
Borenstein et al., (2021, p. 268) were used (setting again 
r = 0.5).

Data analysis was conducted with the R packages meta-
for (Viechtbauer, 2010) and metaviz (Kossmeier et al., 
2020a) for visualization. Significance was set to p < 0.05. 
Numbers are presented with two decimal places, except 
where needed with more places to provide sufficient 
accuracy; for p-values < 0.05, which are displayed with 
three decimal places; and for mean sample age, which is 
displayed with one decimal place. Multivariate random-
effects models were used for the meta-analytic aggregation 

g =

(

1 −
3

4df − 1

)

×

M1 −M2

SDpooled

,

g =

(

1 −
3

4
(

n1 − 1
)

− 1

)

×

M1

SD1

−

(
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3

4
(
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)

− 1

)

×

M2

SD2

,

of the effect sizes, since there was non-independent data 
(Carlson et al., 2015, Epel et al., 2016, and Le Nguyen 
et al., 2019, reported comparisons of more than two groups 
each which introduced non-independence of effect sizes 
within these studies) and studies varied in important char-
acteristics, like intervention type or dosage. In contrast to 
the fixed-effect model, effect sizes in the random-effects 
model are not expected to have the same true effect size. 
Instead, studies’ true effects are modeled as random, which 
implies that besides the meta-analytic summary effect also 
the variance of the studies’ true effect sizes is estimated 
from the data. Thus, the observed effect size variance is 
partitioned into between-study variance (true effect size 
heterogeneity) and within-study variance (sampling error) 
in the random-effects model (Borenstein et al., 2021). 
The between-study variance affects the weights for the 
computation of the meta-analytic summary effect and its 
variance. For the construction of the required approximate 
variance–covariance matrix for this multivariate model, 
we followed instructions by Viechtbauer (n.d.-a, n.d.-b).

Heterogeneity was assessed with the Q test, the I2 sta-
tistic, and 95% prediction intervals. The Q test tests the 
null hypothesis that all studies share a common effect size 
(Borenstein et al., 2021). The I2 statistic quantifies the per-
centage of the total variance that reflects true effect size 
heterogeneity. It gives an overview of how much of the 
observed variance would remain if sampling errors were 
eliminated (Borenstein et al., 2017). The 95% prediction 
interval reflects the interval into which the effect of a new 
study would fall in 95% of all cases if the study was selected 
from a random sample (Borenstein et al., 2017). Evidence 
for heterogeneity was based on the following criteria: A sig-
nificant Q test and/or I2 > 25% and/or a prediction interval 
containing zero (as this would imply the possibility of direc-
tionally opposing effects in new studies).

For gauging the risk of bias across studies, we present 
sunset funnel plots (Kossmeier et al., 2020b), which graphi-
cally display the individual studies’ power in detecting the 
summary effect and provide tests of excess significance 
(TES; Ioannidis & Trikalinos, 2007) and an index of the 
expected replicability of results (R-index; Schimmack, 
2016). However, the TES was computed per hand for TA, 
since studies were significant in both directions (negative 
and positive), but only positive results were relevant in the 
present case, which, however, could not be specified in the 
software. The use of sunset funnel plots diverged from the 
preregistered analysis plans but was decided on for ease of 
applicability and interpretability. We originally planned 
using recommendations provided in the shiny app by Carter 
et al. (2019) in helping us select the methods to investigate 
publication bias. Additionally, we performed robustness and 
sensitivity checks for outliers (using methods implemented 
for outlier detection in metafor).
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Moderator analyses were conducted via meta-regression 
analyses with the following variables for both TL and TA: 
(1) publication year; (2) publication status (published/
unpublished); (3) region (North America & Australia/
Europe/Asia); (4) setting (clinical/non-clinical); (5) study 
design (RCT/quasi-experimental); (6) type of effect size (dif-
ferences in gain scores/post-interventional differences); (7) 
study n; (8) %dropouts; (9) study quality (low risk/unclear 
risk/high risk); (10) conflicts of interest (not reported/
reported); (11) participant mean age; (12) %women; (13) 
participant health (illness/no illness); (14) meditation style 
(modern/traditional); (15) dosage (hours of meditation); (16) 
intervention elements (experienced meditators/on site & at 
home/on site & optionally at home/on site); (17) meditation 
guidance (in person/written, audio, or video); (18) interven-
tion delivery (group/alone/alone & in group); (19) control 
condition (no intervention/active intervention or experienced 
meditators). Since the study design included only one non-
randomized prospective study (cohort study) for TL and 
TA each, we combined it with non-randomized retrospec-
tive studies (case–control studies) and contrasted it with all 
randomized prospective studies (RCTs). Experienced medi-
tators as control group were combined with active interven-
tion controls, as we assumed that meditators did not pause 
in their meditation practice for the duration of the study (at 
least, this was not indicated in the included primary studies).

Additionally, we utilized a machine-learning approach to 
assess the relative importance of the moderators in explain-
ing effect-size heterogeneity. We therefore conducted a 
random forest analysis with the R package metaforest (van 
Lissa, 2020a), utilizing default settings (100-fold replicated 
feature selection, retaining only moderators with positive 
variable importance in > 10% of replications; 5000 regres-
sion trees with random-effect weights). Variables with 
missing data in some studies were excluded from this anal-
ysis. For TL, we excluded conflict of interest, %dropout, 
%women, meditation guidance, and intervention delivery 
and for TA conflict of interest, meditation guidance, and 
intervention delivery. This analysis is capable of identifying 
the most important predictors even under conditions of a low 
studies-to-moderators ratio.

Results

Study Selection

The literature search led to the inclusion of 25 studies in 
total, of which 10 were not used in previous reviews. A 
PRISMA flowchart with detailed information is provided 
in Figure S1 in Supplementary Materials. During the cod-
ing process, we became aware of and included an addi-
tional study (Dasanayaka et al., 2022) that we did not find 

otherwise in the literature search. The two main reasons for 
study exclusions were: Studies did not provide sufficient sta-
tistical information to calculate an effect size (k = 13) or did 
not report any assessment of TL and/or TA (k = 9).

Study Characteristics

The 25 studies included 2,099 participants in total. All stud-
ies were published in English, 18 studies reported RCTs, 
one study both an RCT and a cohort study, and most studies 
(k = 16) were conducted in non-clinical settings. The dura-
tion of the intervention (or meditation experience of par-
ticipants) varied between four days and 925 weeks with a 
median of 10 weeks across studies. All studies devised some 
sort of mindfulness-based intervention, ranging from MBSR 
(Kabat-Zinn, 1990) to acceptance and commitment therapy 
(ACT; Hayes et al., 1999) in the case of modern Western 
interventions, and various meditation trainings in the case 
of traditional interventions. Five studies investigated expe-
rienced meditators with case–control designs. Further three 
studies investigated the effects of retreats with experienced 
meditators, two of which used experienced meditators also 
as a control group. There was therefore substantial variation 
in hours of meditation between studies, the lowest being six 
hours and the highest at 6477 h. Controls did not receive 
any treatment (k = 14), were experienced meditators them-
selves (k = 2), or received interventions that were unrelated 
to meditation (k = 9), such as cognitive behavioral therapy 
(Wang et al., 2017) or health education (Ho et al., 2012). 
Most studies (k = 12) assessed TL as their outcome of inter-
est, seven studies TA, and another six studies assessed both 
TL and TA. Hendrich (2019) reported data from only 25 
participants even though 39 participants finished the follow-
up. We interpreted this difference as a dropout in the current 
study. For further study information, see Table 2. Results of 
individual studies are provided in separate forest plots for 
TL and TA (Supplementary Material, Figures S2 and S3).

Detailed information about the risk of bias within stud-
ies can be found in Supplementary Materials (Figures S4 
to S8). Among the RCTs (Figures S4 and S5), 14 out of 19 
studies had an unclear risk of bias specifically concerning 
the blinding of personnel and assessors. Studies by Carlson 
et al. (2015), Duraimani et al. (2015), and Ho et al. (2012) 
had overall high risks of bias. The study of Le Nguyen et al. 
(2019) was the only one with an overall low risk of bias. The 
quasi-experimental study of Conklin et al. (2018) had unclear 
risks of bias (Figure S6). Of the four case–control studies, 
two had an overall low risk of bias, one unclear risk of bias, 
and one high risk of bias (Figures S7 and S8): Krishna et al. 
(2015) did not provide information about how confounds were 
identified and which strategies were used to address them.
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As the Joanna Briggs Institute checklists do not include 
an overall risk of bias rating, we used the same approach 
as the Cochrane risk of bias tool for RCTs (Higgins & 
Altmann, 2008) to arrive at an overall rating: studies that 
included at least one domain with an unclear or high risk 
of bias were rated to have overall unclear or high risk of 
bias, respectively. Only studies with a low risk of bias in 
every domain were rated to have an overall low risk of bias. 
Across the entire study pool, only three studies were rated 
with an overall low risk of bias. For 17 studies, there was 
an unclear risk of bias, whereas four studies had an overall 
high risk of bias.

TL and TA Summary Effects

The analysis revealed a small summary effect of MBIs on 
TL (g = 0.23, SE = 0.08, 95% CI = [0.07, 0.39], p = 0.01). On 
average, participants’ telomeres were 0.23 standard devia-
tions longer in the MBI conditions than in the control condi-
tions. The Q test revealed significant effect-size heterogene-
ity (Q = 44.54, df = 19, p < 0.001), indicating that studies did 
not share a common effect size. According to the I2 statistics, 
0% of the observed effect variance stemmed from variance 
in the true effects between studies, whereas 60% was from 
within studies (for studies with more than one intervention 
group). The 95% prediction interval was [− 0.35, 0.80], indi-
cating a large variation of effects and directionally opposing 
effects.

The summary effect of MBIs on TA was small to moder-
ate (g = 0.37, SE = 0.18, 95% CI = [0.01, 0.73], p = 0.05). On 
average, participants’ telomerase activity was 0.37 standard 
deviations higher in the MBIs conditions than in the con-
trol conditions. The studies did not share a common effect 
size (Q = 78.99, df = 13, p < 0.01). Eighty-four percent of 
the observed effect variance stemmed from variance in the 
true effects between studies, whereas 0% was from within 
studies. The 95% prediction interval [− 1.02, 1.75] indicated 
again a large variation of effects and directionally opposing 
effects.

Risk of Bias Across Studies

Sunset funnel plots for studies assessing TL and TA are dis-
played in Fig. 1. Visually, there appeared to be an asymme-
try in the distribution of effect sizes for TL, but not TA. The 
median analytic power of the studies to detect the observed 
summary effects (excluding one study for TL, see below) 
was 14% for TL and 21% for TA, respectively. The expected 
replicability of findings (R-index) was 3% for TL and 0% 
for TA. The tests of excess significance (TES) for TL and 
TA, computed by hand for the latter, yielded non-significant 

results (TL: observed = 5, expected = 3.53, p = 0.39; TA: 
observed = 5, expected = 5.59, p = 1.00).

Outliers and Moderators

Outlier analyses revealed no outliers for TL and TA. Inter-
preting reported SDs as SEs, the study of Krishna et al. 
(2015), which appeared to be an outlier in Schutte et al. 
(2020; g = 5.59), did not provide a conspicuously large effect 
anymore (g = 1.34).

As effects were heterogeneous across studies, we con-
ducted meta-regression analyses for both TL (Table 3) and 
TA (Table 4). A number of moderators were nominally 
significant (p < 0.05) for TL: effects were significant only 
in studies that (1) reported no conflicts of interest (Table 3; 
other studies: g =  − 0.07, SE = 0.15, 95% CI = [− 0.36, 
0.21], p = 0.62); (2) investigated experienced meditators 
(Table 3; other studies combined: g = 0.11, SE = 0.07, 
95% CI = [− 0.04, 0.24], p = 0.14); and (3) were not con-
ducted as RCTs (g = 0.52, SE = 0.15, 95% CI = [0.22, 0.82], 
p < 0.01; see Table 3 for RCTs). Furthermore, effects (4) 
decreased with study n (Fig. 2, left panel), which is indica-
tive of small-study effects and, hence, publication bias, and 
(5) increased with meditation dose (Fig. 2, right panel).

For TA, three moderators were nominally significant: 
effects were significant only in studies (1) that reported 
no conflicts of interest (Table 4; other studies: g =  − 0.08, 
SE = 0.19, 95% CI = [− 0.46, 0.30], p = 0.66) and (2) 
compared MBIs to no interventions only (Table 4; other 
studies: g =  − 0.16, SE = 0.18, 95% CI = [− 0.88, 0.38], 
p = 0.38); furthermore, effects were significant (3) only 
in studies from Asia (g = 0.93, SE = 0.22, 95% CI = [0.50, 
1.36], p < 0.01; see Table 4 for other regions).

The final model of the random forest analysis for TL 
explained 22% of the variance in new data (“out-of-bag,” 
which means that data were predicted by trees that were 
trained on bootstrap samples not containing that data; van 
Lissa, 2020b). The relative importance of included mod-
erators for telomere length is displayed in Figure S9 (left): 
dosage was the most important moderator, followed by 
intervention elements, study n, and study design. Together, 
these moderators specifically appeared to characterize 
the four studies of Alda et al. (2016), Hoge et al. (2013), 
Krishna et al. (2015), and Mendioroz et al. (2020) that 
compared experienced meditators with no-intervention 
controls in retrospective case–control designs, and which 
together had a large summary effect (Table 3), compared 
to all other studies (Table 3 and above), for which no sig-
nificant summary effect was observed. In the final model 
for TA, control condition and region explained 7% of the 
variance in new data (“out-of-bag”; Figure S9, right).
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Discussion

The present study synthesized the currently available evi-
dence from randomized and non-randomized studies on the 
effects of MBIs on telomere length and telomerase activity, 
drawing on a substantially increased study pool than previous 
meta-analyses and testing a large number of possible effect 
moderators. We observed small-to-medium summary effects 
(g = 0.23 and 0.37) of MBIs on TL and TA (RQ1 and RQ2). 
However, these effects appeared to be driven either by retro-
spective case–control studies with meditators with long years 
of experience (TL) or by studies without control interventions 
and studies from Asia (TA) (RQ3). Study quality and analytic 
power to detect the current meta-analytic summary effects 
appeared to be low among the available primary studies.

The small summary effect of MBIs on TL is in good accord-
ance with and is even slightly larger than in, previous meta-
analyses (Dunn & Dimolareva, 2022; Schutte et al., 2020). 
However, the much larger summary effect for TA reported in 
previous meta-studies (Dunn & Dimolareva, 2022; Schutte and 
Malouff, 2014) could not be replicated in the present meta-
analysis. Notably, previous meta-analyses synthesized the data 
of only 4 and 7 studies on TA, whereas the present results were 
based on the data of 13 studies (and 14 effect sizes within these 
studies). Thus, the available evidence suggests that the effects of 
MBIs on TA are, on average, smaller than previously assumed 
and may not exceed similar effects of other active interventions.

It is known that cloistered monks and nuns have a lower 
mortality risk, and thus live longer, than the overall popula-
tion (e.g., Luy, 2003; evidence for this can be traced back 

even to medieval European populations; see DeWitte et al., 

2013). Studies by Alda et al. (2016), Hoge et al. (2013), 
Krishna et al. (2015), and Mendioroz et al. (2020) all investi-
gated meditators with years-long intensive meditation expe-
rience. Even though participants in these studies might not 
be directly comparable to nuns or monks, it is conceivable 
that some of the factors driving longevity in nuns and monks 
might also apply to them (e.g., a higher educational back-
ground, but also lifestyle factors associated with better nutri-
tion and lower levels of social stress). This may need further 
study in the future (note that Alda et al., 2016, and Hoge 
et al., 2013, actually matched meditators and non-meditators 
in their studies by age, education, and lifestyle factors, such 
as physical exercise, smoking, body-mass index, and diet). 
However, judging from the currently available evidence, an 
increase in TL may not be expected with MBIs in groups 
with less or even only brief meditation experience. This is 
consistent with the latest neuroscientific data, which suggest 
that brief mindfulness interventions (i.e., involving less than 
27 hr of meditation) are also not enough to cause measurable 
changes in amygdala volume (Kral et al., 2022). Meditation 
may need to be performed over longer periods to result also 
in discernable effects on the cellular level of TL. Yet, even 
then, its effects could still be (partly) confounded with other 
causal factors, for which meditation is only a proxy. Thus, 
TL might not provide a useful outcome to assess the efficacy 
of common (brief) MBIs or related interventions.

Concerning TA, more studies with active control condi-
tions are needed to draw firmer conclusions on the poten-
tial specificity of the effects of MBIs. Currently, there is no 
evidence that MBIs may have specific effects on TA, which 

Fig. 1   Sunset funnel plots for telomere length (left) and telomerase activity (right)
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could not be similarly achieved with other active interven-
tions as well. Yet, to the extent that MBIs do appear to 
increase TA, it could be used as an objective measure for 
the efficacy of mindfulness interventions. It could comple-
ment, or replace, more subjective self-ratings of psychomet-
ric mindfulness or mental health in this field of research 

(Goldberg et al., 2022; Tran et al., 2022). This needs to be 
addressed in future research, which also needs to investigate 
in more detail the exact conditions under which either high 
or low telomerase levels can be considered a marker for good 
or improved cellular health (Epel, 2012).

Table 3   Moderator analyses for telomere length

# ES, number of effect sizes; SE, standard error; CI, confidence interval; R2, amount of explained true effect-size variance. Significant (p < 0.05) 
moderators are printed in boldface. For categorical moderators, baseline categories are provided in parentheses, and estimates of the other cat-
egories are deviances to the respective baseline category

Moderator #ES Estimate SE 95% CI p R2 Q test of 
moderator 
(df)

p

Publication year 20  − 0.06 0.04 [− 0.14, 0.02] 0.11 17% 2.50(1) 0.11
Publication status (published) 18 0.24 0.09 [0.07, 0.41] <0.01 0% 0.42(1) 0.52

  Unpublished master thesis 2  − 0.25 0.39 [− 1.03, 0.52] 0.52
Region (North America and Australia) 12 0.22 0.12 [− 0.01, 0.44] 0.06 0% 0.69(2) 0.71

  Europe 4  − 0.05 0.22 [− 0.48, 0.37] 0.80
  Asia 4 0.15 0.22 [− 0.28, 0.59] 0.49

Setting (clinical) 9 0.18 0.13 [− 0.08, 0.43] 0.17 0% 0.33(1) 0.56
Non-clinical 11 0.10 0.17 [− 0.24, 0.44] 0.56
Study design(RCT) 14 0.12 0.09 [− 0.07, 0.30] 0.22 11% 4.96(1) 0.03

  Quasi-experimental 6 0.40 0.18 [0.05, 0.76] 0.03
Type of effect size (differences in gain scores) 4 0.20 0.20 [− 0.19, 0.59] 0.33 0% 0.04(1) 0.83

  Post-interventional differences 16 0.05 0.22 [− 0.39, 0.48] 0.83
Study n 20  −0.00 0.00 [− 0.01, −0.00]  < 0.01 94% 19.04(1)  < 0.01
%dropouts 19  − 0.01 0.01 [− 0.03, 0.00] 0.14 0% 2.21(1) 0.14
Study quality (unclear risk) 13 0.24 0.11 [0.02, 0.47] 0.03 0% 2.15(2) 0.34

  High risk 3 0.32 0.23 [− 0.14, 0.78] 0.17
  Low risk 4 0.05 0.16 [− 0.26, 0.36] 0.75

Conflicts of interest
(not reported)

11 0.33 0.11 [0.12, 0.54] <0.01 37% 4.83(1) 0.03

  Reported 5  − 0.40 0.18 [− 0.76, − 0.04] 0.03
Participant mean age 20 0.00 0.01 [− 0.01, 0.02] 0.63 0% 0.23(1) 0.63
%women 19  − 0.05 0.00 [− 0.01, 0.00] 0.20 27% 1.62(1) 0.20
Participant health (illness) 11 0.15 0.12 [− 0.08, 0.38] 0.20 0% 1.15(1) 0.28

  No illness 9 0.19 0.17 [− 0.15, 0.52] 0.28
Meditation style (modern) 8 0.06 0.16 [− 0.18, 0.30] 0.61 9% 3.06(1) 0.08

  Traditional 12 0.29 0.16 [− 0.03, 0.61] 0.08
Dosage (hrs meditation) 20 0.00 0.00 [0.00, 0.00] 0.02 35% 5.26(1) 0.02
Intervention elements (experienced meditators) 4 0.85 0.20 [0.46, 1.23]  < 0.01 53% 13.33(3) <0.01

  On site and at home 8  − 0.79 0.22 [− 1.21, − 0.36]  < 0.001
  On site and optionally at home 3  − 0.75 0.30 [− 1.34, − 0.17] 0.01
  On site 5  − 0.63 0.24 [− 1.10, − 0.16] <0.01

Meditation guidance (in person) 14 0.07 0.07 [− 0.07, 0.22] 0.32 0% 0.00(1) 0.98
  Written, audio, or video 1  − 0.02 0.45 [− 0.89, 0.87] 0.96

Intervention delivery (in group) 6 0.19 0.14 [− 0.08, 0.46] 0.17 0% 0.75(2) 0.69
  Alone 1 0.01 0.39 [− 0.75, 0.75] 0.98
  Alone and in group 8  − 0.14 0.17 [− 0.48, 0.20] 0.41

Control condition (no intervention) 11 0.37 0.11 [0.15, 0.59]  < 0.01 16% 3.67(1) 0.06
  Active intervention or experienced meditators 9  − 0.30 0.16 [− 0.62, 0.01] 0.06
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Limitations and Future Directions

This study presented the to-date most comprehensive meta-
analysis on the topic of MBIs and TL and TA. However, 
concerns regarding the risk of bias in primary studies and 
publication bias suggested that the current meta-analytic 
summary effects still may have been overestimated and the 
utilized search strategy may have been suboptimal in retriev-
ing non-English studies as only the first 500 hits in Google 
Scholar were screened for eligibility in the second stage of 

the literature search. Study quality needs to be increased in 
this field of research (see also Goldberg et al., 2022; Tran 
et al., 2022) and there is a need for pre-registration and open 
data to increase the statistical conclusion validity of reported 
results. Puhlmann et al. (2019) reported large individual dif-
ferences in TL changes. Open data are needed here to exam-
ine such differences on the individual level or with indi-
vidual participant-level data meta-analysis. Observed larger 
effects in studies, which reported conflicts of interest, ver-
sus studies, which did not, may hint at further transparency 

Table 4   Moderator analyses for telomerase activity

# ES, number of effect sizes; SE, standard error; CI, confidence interval; R2, amount of explained true effect-size variance. Significant (p < 0.05) 
moderators are printed in boldface. For categorical moderators, baseline categories are provided in parentheses, and estimates of the other cat-
egories are deviances to the respective baseline category

Moderator #ES Estimate SE 95% CI p R2 Q test of 
moderator 
(df)

p

Publication year 14 0.03 0.06 [− 0.09, 0.15] 0.61 0% 0.26(1) 0.61
Region (North-America and Australia) 9 0.01 0.18 [− 0.34, 0.35] 0.97 53% 10.85(1) 0.001

  Asia 5 0.93 0.28 [0.38, 1.48] 0.001
Setting (clinical) 5 0.44 0.31 [− 0.16, 1.04] 0.15 0% 0.10(1) 0.75

  Non-clinical 9  − 0.12 0.39 [− 0.89, 0.64] 0.75
Study design (RCT) 11 0.37 0.20 [− 0.01, 0.75] 0.06 0% 0.02(1) 0.90

  Quasi-experimental 3  − 0.04 0.31 [− 0.65, 0.57] 0.90
Type of effect size (differences in gain scores) 3 0.43 0.40 [− 0.36, 1.21] 0.29 0% 0.03(1) 0.88

  Post-interventional differences 11  − 0.07 0.46 [− 0.97, 0.82] 0.87
Study n 14 0.01 0.01 [− 0.005, 0.02] 0.21 7% 1.55(1) 0.21
%dropouts 14 0.01 0.01 [− 0.02, 0.04] 0.50 0% 0.47(1) 0.50
Study quality (unclear risk) 12 0.46 0.20 [0.08, 0.84] 0.02 5% 1.48(1) 0.22

  High risk 2 0.86 0.70 [− 0.53, 2.24] 0.22
Conflicts of interest
(not reported)

5 0.86 0.18 [0.50, 1.22]  < 0.01 69% 12.57(1)  < 0.01

  Reported 6  − 0.94 0.27 [− 1.47, − 0.42]  < 0.01
Participant mean age 14  − 0.02 0.02 [− 0.06, 0.03] 0.50 0% 0.46(1) 0.50
%women 14  − 0.01 0.01 [− 0.02, 0.01] 0.57 0% 0.32(1) 0.57
Participant health (illness) 7 0.39 0.26 [− 0.12, 0.90] 0.14 0% 0.02(1) 0.90

  No illness 7  − 0.05 0.38 [− 0.80, 0.70] 0.90
Meditation style (modern) 2 0.43 0.48 [− 0.52, 1.38] 0.38 0% 0.02(1) 0.89

  Traditional 12  − 0.07 0.53 [− 1.11, 0.96] 0.89
Dosage (hrs meditation) 14 0.00 0.00 [− 0.006, 0.00] 0.48 0% 0.49(1) 0.48
Intervention elements (experienced meditators) 1 0.82 0.72 [− 0.59, 2.22] 0.25 0% 1.11(3) 0.78

  On site &and at home 5  − 0.62 0.79 [− 2.17, 0.92] 0.43
  On site and optionally at home 1  − 0.82 1.03 [− 2.84, 1.20] 0.43
  On site 7  − 0.33 0.77 [− 1.85, 1.19] 0.67

Meditation guidance (in person) 10 0.29 0.25 [− 0.20, 0.78] 0.25 0% 0.07(1) 0.79
  Written, audio, or video 1 0.22 0.82 [− 1.39, 1.83] 0.79

Intervention delivery (in group) 3 0.57 0.42 [− 0.25, 1.40] 0.17 0% 0.73(2) 0.69
  Alone 2  − 0.36 0.68 [− 1.69, 0.96] 0.59
  Alone & in group 6  − 0.45 0.53 [− 1.49, 0.59] 0.40

Control condition (no intervention) 7 0.80 0.17 [0.47, 1.12]  < 0.01 67% 15.14(1)  < 0.01
  Active intervention or experienced meditators 7  − 0.96 0.25 [− 1.44, − 0.48]  < 0.01
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problems of available studies. Larger samples are needed to 
increase studies’ analytic power.

Active control conditions covered a variety of interven-
tions, but only in small minority interventions that could be 
deemed fully psychotherapeutic (e.g., CBT). More trans-
parent, high-quality, and high-powered studies with psycho-
therapeutic control interventions are needed to gain insight 
into whether the effects of MBIs on TA are specific to them 
or generalize also to other psychotherapeutic interventions. 
Also, more studies from Europe and the US are needed to 
ascertain the observed effects of MBIs on TA. Future RCT 
studies should investigate the effects of meditation on TL 
over longer time periods and control also for potential con-
founding factors. The utility of TA as an objective measure 
in intervention studies needs to be probed.
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