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Abstract

Objectives Meditative practices have grown in popularity, but the results of meditative intervention studies on immune
functioning have been inconsistent. Although prior reviews have been conducted, the present meta-analysis provides a more
comprehensive and updated examination.

Methods One hundred and five eligible studies, including mindfulness-based, movement-based, and meditation-focused,
meditative interventions with biological markers of immune functioning were analyzed. The current work (a) incorporates
a greater number of studies available for review, (b) examines the overall magnitude of the effect of meditative interventions
on immune functioning, (c) examines the effects of health on some individual level biomarkers (i.e., NF-kB, IgA, and IL-6),
(d) compares different types of meditative interventions and (e) reveals the effect of various theoretical (e.g., the health of
participants) and methodological (e.g., delivery of interventions) moderators.

Results The meta-analysis indicated that meditative interventions, including formal meditation, mindfulness-based, and
movement-based, have a small but significant effect on immune functioning (g=0.181, k=105, p<0.001) as compared to
controls (g=-0.001, p=0.982). Furthermore, the results indicated that the effect of meditative interventions on immune
functioning remained robust, regardless of the type of control condition.

Conclusions The present meta-analysis suggests a small and significant effect of meditative interventions on immune func-
tioning and serves to clarify inconsistent results in the literature. Further, it provides insight into both theoretical and meth-
odological moderators for future research. Meditative interventions could be implemented in various formats and modalities,
especially among those with physiological and psychological disorders.

Preregistration The present meta-analysis was not preregistered.
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Until a few decades ago, mind—body practices were consid-
ered fringe, and any benefits were readily dismissed, but their
potential to improve health by facilitating the mind-body
connection has become widely acknowledged by scientists
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and medical professionals in Western contexts (Brower,
2006; Dossett et al., 2020; Gilbert, 2003). Mind-body prac-
tices include a broad category of practices and techniques to
influence the bidirectional relationship between the mind and
the body (Taylor et al., 2010). Examples include meditation,
tai chi, and yoga (Carlson & Bultz, 2008). Several meta-anal-
yses have shown that mind-body practices improve psycho-
logical and physiological functioning (Garland et al., 2020;
Khoury et al., 2015; Kwok et al., 2016; Younge et al., 2015;
Zhang et al., 2017). Moreover, the extant literature examining
the influences of meditative practices and interventions has
focused on immune functioning as one component of physi-
ological functioning. Immune functioning is critical to psy-
chological and physiological heath. Thus, further understand-
ing the influences of meditative and mind-body practices on
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immune functioning has relevance to a variety of disciplines,
including psychology, medicine, and nursing.

Stressors are psychological, physiological, or environ-
mental stimuli that evoke biological responses to maintain
homeostasis and increase the probability of survival (de
Kloet, 2003). These usually beneficial biological responses
to stress, however, result in homeostatic imbalance when
people experience chronic stress (Yaribeygi et al., 2017).
Chronic stress has been identified as a major precipitator
of pathological outcomes. One example of the deleterious
consequence of stress on the immune system is chronic sys-
temic inflammation (Cohen et al., 2012). Although inflam-
mation serves as a healthy component of a well-functioning
immune system (e.g., combating bacterial infection), chronic
inflammation elicits a series of adverse downstream effects
that can cause irreversible damage to tissues and organs in
the body (Mauri & Menon, 2017) and further dysregulate
immune response (Powell et al. 2013). Once immune system
dysregulation occurs, chronic inflammation and pathological
outcomes are further exacerbated (Gouin, 2011). Cancer,
heart disease, psoriasis, and depression are just a few exam-
ples of disorders precipitated by stress and inflammation
(Kiecolt-Glaser et al., 2002). Thus, an important approach
for improving or maintaining psychological and physiologi-
cal health is to mitigate psychological stress and optimize
immune functioning.

Meditative practices likely improve a wide variety of
health outcomes because they impact psychological and
physiological regulation and reactivity to stressors, thereby
reducing the likelihood and progression of stress-related
pathologies (Creswell & Lindsay, 2014; Hoge et al., 2018).
Meditative practices may improve or maintain psychological
and physiological health, in large part, through enhanced
immune functioning (Bower & Irwin, 2016). Because
meditative practices plausibly buffer stress and subsequent
declines in immune functioning, populations under chronic
stress or with inflammation-related diagnoses should be
expected to exhibit the greatest benefit when examining
biomarkers of immune functioning. Immune system effec-
tors are maintained within an ideal, specific healthy range.
If the population of interest is already within that healthy
range, it suggests that the immune system is functioning
appropriately. Thus, in some circumstances, researchers may
not expect to see statistically significant changes in immune
functioning among healthy populations.

Meditative practices enhance one’s capacity to affect
physiological and psychological functioning through
awareness and acceptance of thoughts, feelings, and expe-
riences (Astin et al., 2003). These practices promote mind-
fulness and offer a multi-faceted approach for improving
psychological well-being as well as physical health (Chiesa
& Serretti, 2009; Grossman et al., 2007; Hofmann et al.,
2010), including immune functioning (Davidson et al.,
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2003; Jacobs et al., 2011). A great deal of heterogeneity
exists in the types of meditative practices that are included
in research studies that examine the effects of meditative
interventions. Although some components of practice
are shared across these interventions, a more nuanced
examination is required to understand which practices are
effective at improving immunological outcomes. One way
to address this heterogeneity is to categorize meditative
interventions into descriptive categories (e.g., Sauer-Zavala
et al., 2013).

Mindfulness is often defined as the awareness and non-
judgement of the present moment (Kabat-Zinn, 2015). Typi-
cally, mindfulness-based interventions (MBIs) are manual-
ized and include structured educational components and
activities that teach participants mindfulness skills over eight
weeks. Mindfulness-Based Stress Reduction (MBSR) was
formally developed by Jon Kabat-Zinn in 1979 (Kabat-Zinn,
2003), and it is the most widely studied MBI. It was devel-
oped to improve physical health symptoms (e.g., chronic
pain) by managing stress. A prototypical MBI (e.g., MBSR)
is delivered by a trained instructor in an 8-week group for-
mat, with weekly sessions ranging from 60 to 150 min
in duration, a 1-day retreat ranging from 2 to 8 hr, daily
at-home meditation and gentle Hatha yoga practices, and
informal practices such as reading a mindfulness handbook
and practicing mindfulness while engaging in daily routines
(e.g., washing dishes).

Mindful physical movement is the primary component of
meditative movement interventions (MMI). Although MBIs
may include some gentle movement, physical movement or
exercise is the primary focus of MMIs. The type of move-
ment is also more varied among MMIs, primarily teaching
participants tai chi, qigong, or yoga, with only brief periods
of formal meditation (e.g., 2 to 10 min). MMI sessions typi-
cally last between 30 to 60 min and may occur anywhere
from one to six times a week. Although each of these MMI
practices can be executed with varying degrees of inten-
sity (Larkey et al., 2009), MMIs typically require greater
physical exertion than that of MBIs. Further, MMIs tend to
be longer in duration than MBIs (e.g., median =12 weeks;
Kelley & Kelley, 2015).

Meditation is a general umbrella term for an extremely
complex and diverse set of practices (Lutz et al., 2008; Nash
et al., 2013). Although functionally grouped together, par-
ticular types of meditation have been shown to be associated
with different neural responses; thus, presumably, each type
may have different health-related outcomes (Fox et al., 2014,
2016). Meditation-focused interventions can include other
components (e.g., breathing exercises), but the primary com-
ponent is formal meditation practice, such as concentration-
focused meditation (e.g., breath, mantra) or open-monitoring
meditation. For example, during body scan meditation, the
participant sits or lies down and directs their attention to
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various parts of the body to increase awareness of bodily
sensations, such as the breath (Analayo, 2020). Meditation-
focused interventions are, in some cases, shorter in duration
and more intensive than other intervention types. For exam-
ple, some study interventions last only several days (e.g., 2,
3, or 6 days), whereas others can last several weeks (e.g.,
6 or 8) or even months (e.g., 3 or 6 months). Participant
involvement may be the most intensive for formal meditation
retreats because they typically involve participants spending
days or weeks in a retreat center. In many cases, meditation
retreats require participants to have some prior meditative
experience.

Immune biomarkers implicated in inflammatory pro-
cesses (i.e., inflammatory mediators and cellular tran-
scription) are of particular interest to researchers because
inflammation plays a profound role in the development
and progression of various diseases. Although inflamma-
tion serves as a healthy component of a well-functioning
immune system (e.g., combating bacterial infection),
chronic inflammation, like chronic stress, elicits a series
of adverse downstream effects. Inflammation causes irre-
versible damage to tissues and organs in the body (Mauri
& Menon, 2017) and dysregulates the immune response
(Powell, 2012). Chronic inflammation, whether caused
by obesity (Park et al., 2010), pollution (Aggarwal et al.,
2009), or bacterial and viral infections (De Martel and
Franceschi, 2009), has negative health consequences such
as increased cancer risk, progression, metastasis, and
recurrence (Mundy-Bosse et al., 2011; Pierce et al., 2009;
Salgado et al., 2003). In addition, cytokine-related inflam-
mation influencespsychological states (e.g., mood). For
example, cytokine-related inflammation modulates sero-
tonin activity (Miura et al., 2008) which, in turn, induces
depression-like states (Miller & Raison, 2016). Thus,
reductions in stress and inflammation associated with
meditative practices should improve both psychological
and physiological functioning.

The length of time since two of the prior meta-analy-
ses, the increased number of studies available since they
were conducted, the growing use of meditative interven-
tions in clinical and non-clinical populations as well as
the inconsistent pattern of findings among the empirical
studies and the previous reviews, suggest that an exten-
sive meta-analysis is warranted. Further, the scope of
the current meta-analyses allowed for the examination of
moderators that have not been examined in prior reviews,
including the duration and type of intervention. Immune
functioning assessed in the studies eligible for the meta-
analytic review may be categorized as (1) inflammatory
mediators (e.g., anti-inflammatory and proinflammatory
cytokines), (2) leukocytes (e.g., lymphocyte subsets), (3)
cellular aging of immune cells (e.g., telomere length), (4)

immunoglobulins (e.g., IgG), and (5) NF-«xB (cellular tran-
scription); Black & Slavich, 2016; Bower & Irwin, 2016).
These classifications have been used to functionally dif-
ferentiate between immune effectors (e.g., Bower & Irwin,
2016). See Supplementary Table S1 for a brief overview of
biomarkers for immune functioning included in the current
review. Meditative interventions were divided into three
categories: (a) primarily mindfulness-based (e.g., MBSR),
(b) primarily meditative movement (e.g., tai chi), and (c)
primarily meditation-focused (e.g., meditation retreat).

The current meta-analysis aimed to understand whether
meditative interventions are associated with improvements
in immune functioning and whether intervention features
moderate the magnitude of the effect size for meditative
interventions (e.g., type of delivery, duration of inter-
vention) and by categories of immune functioning (e.g.,
inflammatory mediators, immune cell aging). Given the
suggestive findings of the previous narrative and meta-
analytic reviews, we predicted that, overall, compared to
control conditions, the meditative interventions would
reveal a positive effect size suggesting immune-function-
ing improvement from pre- to post-test intervention (i.e.,
larger effect size). Based on prior research (Chin et al.,
2019) and theory (Creswell, 2017) suggesting that more
intensive interventions are associated with greater benefits,
we predicted that meditative interventions administered
for longer time periods would be associated with greater
positive effects on immune functioning. We organized the
immune biomarkers into established immune categories
(Black & Slavich, 2016) and coded the studies by the type
of meditative intervention (i.e., MMI, MBI, MED), sam-
ple (i.e., Healthy vs. Clinical populations), and whether
the delivery was provided via a live, group format, or a
self-paced individual format (i.e., synchronous vs. asyn-
chronous). Also, we coded whether studies had control
groups and, if so, what type of control group was adopted
(active vs. waitlist or treatment-as-usual). Our research
questions asked whether intervention features, such as
the type of meditative intervention, sample, and delivery,
moderated the magnitudes of the immune change (pre- to
post-test) effect sizes for meditative interventions of the
effect of meditative interventions on immune functioning.
Additionally, we sought to understand which categories of
immune functioning were associated with positive effect
sizes for the meditative interventions. Importantly, our
meta-analytic approach allowed us to examine the influ-
ences of these moderators on the effect of the medita-
tive interventions on immune functioning—comparative
examinations rarely invoked by empirical studies. Finally,
when the findings suggested that further investigation of
the pattern of effects was warranted, exploratory analyses
were conducted.
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Method
Search Strategy and Study Selection

This meta-analysis followed methods proposed in the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis statement (PRISMA; Hutton et al., 2015). We
searched CINAHL, Medline, PubMed, and PsycINFO for
papers through December 2020; subsequently, the litera-
ture search was updated to the end of January 2021. Using
“AND” each of the following terms mindful*, “mindful-
ness-based stress reduction,” MBSR, meditat*, qigong,
tai chi, yoga was searched with all of the following terms
cytokine* OR antibod* OR immunoglob* OR inflam* OR
lymphocyt* OR leukocyt* OR nfkb OR NF-xB OR tel-
omer* OR immun* OR biomarker OR IL-6 or CD4 or IGA
or CRP or IFN or TNF or “NK Cells.” The searches were
limited to the abstract. The reference sections of several
relevant review articles (e.g., Schutte et al., 2020) and all
eligible articles were also examined to identify additional
articles. Authors with at least two eligible reports were
also contacted for other eligible studies. See Fig. 1 for the
PRISMA flowchart.

Studies were included if they: (a) explicitly stated that
formal meditation was a component of the intervention, (b)
included at least one biomarker of an immune functioning,

Fig.1 PRISMA flowchart of
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and (c) if they had sufficient statistics to calculate effect
sizes, using Comprehensive Meta-Analysis (CMA; Boren-
stein et al., 2005). If data were missing, the correspond-
ing author of the article was contacted with a request for
additional descriptive data (e.g., means, standard devia-
tions, etc.). Studies were eligible regardless of whether they
included a control group; for studies with two measurement
periods (i.e., pre and post), meta-analytic procedures do not
preclude those without control groups. To avoid publica-
tion bias, unpublished studies were eligible. There were
no restrictions regarding sample size or sample type. If an
article was in a language other than English and could be
translated, it was included. Quasi-experimental studies that
compared long-term experienced meditators to non-medi-
tators were excluded. A total of 104 reports were eligible.

Data Coding and Extraction

Table 1 reports the first author, date, and country in which
the study was conducted, as well as details about the sam-
ples, methodologies, measures, and study-level effect sizes.
The meditative interventions were coded into three cat-
egories (1) MBIs designed to develop mindfulness (e.g.,
MBSR); (2) meditative movement interventions with at
least some period of formal meditation (MMIs, e.g., qi gong,
tai chi, and yoga); and (3) primarily meditation-focused

Records identified:
CINAHL, Medline,
PsycINFO, PubMED
(N=2,991)

1

Reports excluded after
screening abstracts

Reports for which
abstracts were

—
screened (N = 1,621) (N=1,370)
Reports with full Reports excluded after
text was assessed fOr g reviewing full text (N

eligibility (V = 251) = 147)

!

Reports included in
meta-analysis (N =
104; 105 studies)
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Mindfulness

interventions (e.g., meditation retreats). Studies were coded
for type of (1) sample (i.e., psychological disorder, physi-
ological disorder, healthy), (2) control group (i.e., active
control, waitlist-control/treatment as usual none), (3) and
delivery (synchronous, asynchronous). Additional details
regarding coding can be found in the Supplementary Infor-
mation section.

Immune functioning has been previously categorized and
well-described by Black and Slavich (2016) as (1) inflam-
matory mediators (e.g., anti-inflammatory and proinflam-
matory cytokines), (2) cellular transcription factors (e.g.,
NF-xB transcription, which is involved in regulating proin-
flammatory cytokine production), (3) leukocytes (e.g., leu-
kocyte/ lymphocyte subsets, cell counts), (4) immune cell
aging (e.g., telomerase activity), and (5) antibodies/immu-
noglobulins, which primarily includes markers of adaptive
immune function (e.g., IgA, IgM, and IgG). This categoriza-
tion approach was used in the current review.

Data Analyses

Comprehensive Meta-Analysis (CMA; Borenstein et al.,
2005) was used to calculate and meta-analyze the effect
sizes. The effect-size metric used in this report is Hedge’s g
index (Hedges & Olkin, 2014). Because descriptive or infer-
ential statistics were drawn from studies using within-sub-
jects designs, a correlation (r=0.50) among the dependent
variables was introduced for the calculation of the g index
and its variance (Lipsey & Wilson, 2001).

Consistent with approaches adopted by other meta-
analysts (e.g., Goessl et al., 2017), we calculated pre-post
within-group effect sizes for our primary analyses and pre-
post between-group effect sizes for our secondary effect
sizes. For the primary set of effect sizes, the g index indi-
cates the magnitude of the within-group improvement in
immune functioning at post-test, compared to pretest, sepa-
rately for the intervention group and the control group (i.e.,
pre-post, within-group effect size). Primary effect sizes with
a positive sign indicate improvement in immune function-
ing from pre- to post-test. We also conducted a secondary
analysis that compared the difference in change between
the intervention to the control groups; these included only
those studies that had intervention and control groups and
for which this type of effect size could be calculated (i.e.,
pre-post, between-group effect sizes). Positive effect sizes
for this secondary approach indicate that the intervention
groups improved more from pre- to post-test interventions
than did the control groups.

It should be noted that the primary effect size allows for
an examination of the average magnitude of the effect of
size specifically associated with immune categories and
specific biomarkers. Using the primary effect size strategy
also allows for a (separate) comparison of the meditative
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interventions to the control conditions — this can be observed
by the Q-between statistic, which compares the magnitude of
the difference between the average effect size for the medi-
tative condition and the control condition. The secondary
approach allows for the difference between the conditions
to be observed. The magnitude of the effect of the medi-
tative condition, in and of itself, on immune functioning
(i.e., small =0.20, medium =0.50, large > 0.80), however,
remains unobserved. That is, the observation of the magni-
tude of the effect, specifically for meditative interventions,
is masked using the secondary approach because the cal-
culation includes both conditions. Also, as will be demon-
strated in the results, requirements for the calculations of
the secondary effect size render few numbers of effect sizes
that can be estimated (partly because some statistics cannot
be used with the secondary approach in CMA; secondary
effect sizes: k=193, primary effect sizes: k=473), which
reduces the power of the meta-analysis. Nevertheless, for
comprehensiveness, we report the overall effect sizes using
both approaches.

Q-within and I statistics (Higgins & Thompson, 2002)
were used to determine heterogeneity among the effect sizes,
and Q-between (Q-b) statistic was used to determine whether
the magnitudes of the average effect sizes for each of the
two conditions (i.e., meditative interventions versus con-
trol conditions) or the moderator categories (i.e., healthy,
psychological disorder, or physiological disorder) were sig-
nificantly different from each other. We utilized a random
effects model to allow the effect sizes among interventions
to vary and for inferences from the eligible studies to be gen-
eralizable (Borenstein et al., 2010). A mixed-effects model
was used for comparison between the categories, consistent
with recommendations (Borenstein, 2019). A meta-regres-
sion analysis was conducted to test whether the duration of
the interventions was associated with the magnitudes of the
effect sizes; the Z, p-value, and Knapp-Hartug adjustment
(2001) are reported, the latter of which estimates the vari-
ance in the model based on studies included in the meta-
analysis (Borenstein, 2019).

Results

One hundred and four reports were eligible for the meta-
analysis of the primary effect sizes, and of these reports, one
report (Villalba et al., 2019) included two independent stud-
ies (k=105). Because more than one measure of immune
function (e.g., IL-6, CD4, telomere length) could be derived
from most reports, 475 primary effect sizes were calculated
for the primary meta-analysis. Of the 105 studies from which
the primary effect sizes could be derived, 80 of these could
be included in the secondary meta-analysis; these 80 studies
yielded 193 secondary effect sizes.
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Assessments of Bias

For the primary dataset, the Classic Failsafe N analysis
showed that a large number of missing studies (n=35,141)
would be needed to render the average effect size for the
meditative conditions insignificant and trivial; Orwin’s
Failsafe N (Orwin, 1983) similarly showed that a fairly
large number of studies (n=165) would be necessary to
render the observed average effect size in the meta-anal-
ysis trivial. The funnel plot of the Hedges g effect sizes
is shown in Fig. 2. The plot was somewhat asymmetric,
and the standard errors tended to be small, indicating the
high precision of the studies. Importantly, studies falling
outside of the funnel do not indicate publication bias,
as sometimes assumed (Borenstein, 2019). In addition,
Egger’s regression analysis was conducted to examine
whether studies with smaller sample sizes had larger
effect sizes on average. Results indicated a significant
relationship between smaller samples and larger effects,
1(103) =2.690, p =0.008. Nevertheless, Egger’s regres-
sion is not a direct indicator of publication bias; it merely
identifies small study effects (Egger et al., 1997). Both the
funnel plot and Egger’s tests are influenced by heteroge-
neity, which was high in the current studies (Borenstein,
2019; Page et al., 2021). The trim and fill statistics (Duval
& Tweedie, 2000) showed that estimated missing studies
(n="1T) were more likely to the right of the mean of the
plotted distribution — not to the left, suggesting that the
observed average effect size (g=0.181) may be somewhat
smaller than the true population effect size (g =0.214). In
addition, to examine a potential proteus effect in which
the largest effect sizes are associated with early studies
and dwindle over time (Trikalinos & Ioannidis, 2005), a
meta-regression was conducted in which the effect sizes
were the dependent variable, and sample size and year of
publication were included as two independent variables.
Results indicated that neither the sample size (p =0.255)
nor the year of publication (p =0.302) significantly pre-
dicted effect size. Thus, considering these analyses, pub-
lication bias is an unlikely issue in the literature eligible
for review.

Additionally, Cochrane’s risk of bias assessment tool
(e.g., Higgins et al., 2019) was used to examine potential
systematic error associated with poor internal validity that
could lead to the under-or overestimation of true interven-
tion effects. Each study eligible for review was coded by
a minimum of two authors for the following biases: selec-
tion, performance, detection, attrition, reporting, and “other”
bias. Any coding discrepancies were discussed and resolved.
The majority of the studies (n="74) had an overall low risk
of bias, although some studies were coded as having some
concern of risk (i.e., unclear risk; n=24) or high risk (n=8).
The overall low risk of bias suggests that a meta-analytic

examination of the meditative literature is appropriate and
reliable (Table 2).

Overall Effect Sizes

The first set of analyses treated the study as the unit of analy-
sis, with each study contributing an effect size for either a
meditative intervention condition (i.e., no control) or effect
sizes for both the meditative and control conditions. As such,
the immune categories are not considered in the first set of
analyses, but the immune categories are the unit of analysis
in the second set of analyses. Tables 3, 4, 5 report the num-
ber of effect sizes (k), average effect sizes (g), confidence
intervals (Cls), and other meta-analytic results.

As shown in the upper panel of Table 3, the average effect
size, g=0.181, for the meditative interventions was small
but significant, Z=6.818, p <0.001, and revealed a small
effect on immune function. The 95% CI [0.128, 0.230] sug-
gests that the precision of the effect size is relatively high,
given the small CI range, and the mean effect size for
comparable populations falls within this range. Addition-
ally, the prediction interval indicates the dispersion of true
effect sizes across various populations; in 95% of cases, an
additional study will fall within the meta-analytic predic-
tion interval (Borenstein, 2019). The prediction interval
for the current meta-analysis indicated that any additional
study conducted would likely demonstrate an effect size of
£=0.12 and g=0.29. By contrast, for the control conditions,
the average effect size was equivalent to zero, g =-0.001,
Z=-0.023, p=0.982, 95% CI=[-0.058, 0.056]. Consistent
with these results, the Q-between statistic, Q-b(1)=20.963,
p<0.001, suggested that the average effect size for the
meditative interventions was larger than that for the control
conditions,

The finding for the secondary effect sizes was highly
consistent with that for the primary effect sizes. The meta-
analytic results indicated that meditative interventions were
associated with greater improvements from pre- to post-
change in immune functioning when directly compared to
the change for the control conditions, g=0.16, k=80; 95%
CI=[0.09, 0.23], Z=4.66, p <0.001. These results suggest
that the mediative conditions were associated with a larger
pre- to post-intervention effect than the control conditions.

Meta-Analytic Comparisons Regarding Control
Groups

To examine our research questions about the inclusion of
control groups included in the studies, we conducted two
sets of analyses. As shown in the second panel of Table 3, a
comparison between the average effect size for the studies
that included control conditions to that for studies without
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control conditions revealed that these effect sizes were not
different from each other, Q-b(1)=0.118, p=0.731. These
results suggest that the magnitudes of the effect sizes for the
meditative interventions were similar, regardless of whether
the studies were observational or included control groups. In
addition, we compared the average effect sizes for the medi-
tative interventions to that for control conditions, separately
for studies that included active controls to those that included
either WL or TAU conditions. As shown in the third panel
of Table 3, for the studies that included WL/TAU controls,
the average effect size for the meditative interventions was
significantly different from zero, and the magnitude was
larger than that for the control conditions, Q-b(1) =9.813,
p=0.002. Similarly, for the studies that included active con-
trols, the average effect size for the meditative interventions
was significantly different from zero, though small, and this
effect size magnitude was larger than that for the control
conditions, Q-b(1)=11.408, p=0.001. This set of analyses
suggests that the average effect of meditative interventions
on immune functioning was similar, regardless of whether
the studies included a control condition. Not surprisingly,
the difference between the magnitude of effect sizes among
active control and meditative interventions was smaller than
the difference between treatment-as-usual controls and med-
itative interventions. Nevertheless, regardless of whether the
study included an active or WL/TAU control, the effect of
the meditative interventions on immune functioning was
significant and larger than that for controls.

Moderators of the Effect of Meditative Interventions

Health of Participant-Samples The findings for the medita-
tive interventions revealed heterogeneity among the primary
effect sizes, Q-within (104)=379.86, p <0.001; F=77.62%,
suggesting the need to examine moderators. For the meta-
analyses of the coded categories—the type of sample and
intervention—we included the effect sizes for only the
meditative interventions because the effect sizes for the
control conditions were not expected to be affected by these
moderators.

The three categories of samples (i.e., healthy, physi-
ological disorder, psychological disorder) were compared
to understand whether health status was associated with the
magnitude of the average effect sizes. Although the results
suggested that the three average effect sizes for these three
categories were not statistically different from each other,
0-b(2)=4.845, p=0.089. As shown in the upper panel of
Table 4, the average effect size for the healthy category was
not different from zero (insignificant), but both those asso-
ciated with the physiological and psychological categories
were significant, which may suggest improved immune func-
tion from pre- to post-test for participants with physiological
or psychological disorders.
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Because the average effect size for the healthy samples
was not significant, we conducted two exploratory analy-
ses. First, given that the observed average effect sizes for
the physiological disorder and the psychological disorder
were quite similar (i.e., gs=0.220 and 0.218, respectively),
we combined these two “health-challenged” samples into
one category and compared the resulting average effect
size to that for the healthy-sample category. This analysis
showed that the average effect size for the healthy category,
g=0.087, 95% CI=[-0.014, 0.188], Z=1.697, p=0.090,
was nonsignificant and smaller than that for the health-
challenged category, g=0.219, 95% CI=[0.158, 0.281],
Z=17.014, p<0.001; Q-b(1)=4.827, p<0.001. Second,
because some of the reports identified their healthy samples
as under situations of stress, we divided the healthy samples
accordingly into a healthy-stressed category (k=12) and a
healthy-low-stress category (k=17), as categorized by the
original researchers. The results showed that, for the healthy-
low-stress category, the average effect sizes were nonsig-
nificant, g=0.037, Z=0.720, p=0.472, 95% CI=1[-0.064,
0.139], but that for the healthy-stressed category was signifi-
cant, g=0.146, Z=1.973, p<0.05, 95% CI=[0.001, 0.292].
Nevertheless, the comparison between the two average effect
sizes did not reach significance, Q-b(1)=1.446, p=0.229.
The stress-buffering hypothesis (Creswell & Lindsay, 2014)
provided the rationale for these additional analyses. That
is, biomarkers of immune functioning among healthy par-
ticipants are much more likely to be within optimal range
than those with dysregulated systems (i.e., greater stress and
inflammation). These sets of exploratory analyses may sug-
gest that meditative interventions do not influence immune
functioning among healthy participants unless these other-
wise healthy participants are experiencing stressful life con-
ditions. Importantly, because these findings were explora-
tory, they must be interpreted with caution.

Intervention Type and Delivery As shown in the middle
panel of Table 4, the results revealed no difference between
whether the meditative interventions were delivered syn-
chronously or asynchronously, Q-b(1)=0.880, p=0.348;
both the effect sizes for the asynchronous and the synchro-
nous categories were significant. Also, as shown in the bot-
tom panel of Table 4, the average effect sizes were signifi-
cant for all categories of meditative interventions (i.e., MBI,
Primarily Meditation, MMI). Nevertheless, the comparison
between the three categories suggested that the magnitudes
of the average effect sizes were different, Q-b(2) =7.828,
p=0.020. Although each of the meditative interventions was
associated with significant average effect sizes, this analy-
sis suggested that the magnitude was largest for mindful-
movement interventions (MMI). This result, however, was
clarified by the results of a meta-regression reported in the
following paragraph.
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Duration Meta-regression results revealed that longer
interventions were associated with larger effect sizes,
Z=2.97, p=0.003 (Knapp-Hartug adjustment: t=2.57,
p=0.01). Based on the Q-value, 8.83, p=0.003, the model
explains significant variance in the effect sizes, and the
R? for the model indicates 13% of the variance in the true
effect sizes (Bornstein, 2016). Importantly, these results
support Creswell’s (2017) theory that larger “doses” of
meditative interventions are likely to have more influence
on outcomes.

Because the three types of meditative interventions (i.e.,
on average: MMI =11 weeks, MBI =7 weeks, meditation-
focused = 6 weeks) seemed to employ different intervention
durations, we conducted an exploratory meta-regression.
To do so, we entered the intervention category (MBI, Pri-
marily Meditation, MMI) into the meta-regression along
with study-level intervention duration. Consistent with
the first meta-regression, this analysis showed, again, that
longer interventions were associated with larger effect sizes,
Z=2.27, p=0.02, but that the difference between the inter-
vention categories was no longer significant, Q-b(2)=4.18,
p=0.12. This latter result may suggest that the difference
between the average effect sizes for the three categories of
interventions, reported in the previous paragraph, may be
attributable to differences in intervention durations than to
specific components of the meditative interventions.

Categories of Inmune Function

We conducted a meta-analysis that considered the immune
categories as the unit of analysis—these five categories
included inflammatory mediators, cellular aging, antibodies/
immunoglobulins, transcription factors, and leukocytes. As
Table 5 shows, the average effect sizes for these categories of
immune functioning were significant. These results clarify
the conclusions of former reviews (e.g., Black & Slavich,
2016) and suggest that meditative interventions have posi-
tive influences on all five categories of immune functioning.
Further, the results suggested that the magnitudes of these
effect sizes were different from each other, Q-b(4) =18.805,
p=0.001. The pattern of effect sizes suggested that those for
antibodies/immunoglobulins and transcription factors were
the largest, but this finding must be interpreted with caution
because these two categories had relatively small numbers
of effect sizes.

Single-Level Biomarkers

We also conducted meta-analyses with the specific
biomarkers that had been reviewed by Black and Slav-
ich (2016), Bower and Irwin (2016), and Morgan et al.

(2014). The biomarkers included in the meta-analysis
conducted by Morgan et al. were CRP, IL-6, TNF-q,
CD4 + T lymphocytes, and NK cells. In addition to these
biomarkers, because of the greater number of effect
sizes available for the current meta-analyses, we were
able to meta-analyze additional single-level biomarkers,
including interferon gamma (IFN-y) and immunoglob-
ulin-A (IgA).

For biomarkers in the inflammatory mediator cat-
egory, the average effect size for CRP was small but
significant, k=37, g=0.099, 95% CI=[ 0.029, 0.169],
Z=2.773, p=0.006; this finding is consistent with the
prior reviews. Additionally, the current meta-analytic
results provided evidence not revealed in the prior
reviews regarding IL-6; the average effect size was small
but significant (IL-6: k=40, g=0.169, 95% CI=[0.073,
0.264], Z=3.457, p=0.001). As revealed in the prior
reviews, the average effect sizes for TNF-a (k=32,
g=0.10, 95% CI=[-0.040, 0.243], Z=1.412 p=0.158)
and NK cells (k=10, g=0.068, 95% CI=[-0.113,
0.249], Z=0.736, p=0.462) were not significant.
Finally, the current results showed that the magnitude of
the average effect size for IFN-y cells was not significant
(k=8, g=-0.099, 95% CI=[-0.271, 0.169], Z=-0.943,
p=0.346).

There were only an adequate number of effect sizes for
CD4 +in the leukocyte category; the findings showed that
the magnitude of the average effect sizes was not signifi-
cant (CD4+: k=13, g=0.001, 95% CI=[-0.112, 0.114],
Z=0.024, p=0.981). In the antibody-immunoglobulin
category, the magnitude of the effect size for IgA was sig-
nificant (k=35, g=0.353, 95% CI=[0.55, 0.550], Z=3.501,
p<0.001).

Finally, following from Schutte and Malouff’s (2011)
meta-analysis examining the influence of meditation
on telomerase activity, the meta-analysis conducted by
Schutte et al. (2020) examining telomere length, and
the narrative review by Conklin et al. (2019), we con-
ducted separate meta-analyses to examine telomerase
activity and telomere length (both within the category
of cellular aging). The analyses showed that, whereas
the magnitude of the effect size for telomerase activ-
ity was significant and of medium magnitude, k= 13;
g=0.376,95% CI=1[0.217, 0.535], Z=4.635, p <0.001,
that for telomere length was small and not significant,
k=11; g=0.079, 95% CI=[-0.083, 0.240], Z=0.958,
p=0.338). Although this latter finding may seem sur-
prising, given that studies show improvements in tel-
omere length among expert and long-time meditators
(e.g., Schutte et al., 2020), the pattern may suggest that
meditative interventions, which tend to last approxi-
mately eight weeks on average, may not be long enough
to influence telomere length.

@ Springer
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Discussion

The current meta-analytic review provides a more com-
prehensive understanding of the association between
participation in meditative interventions and enhanced
immune functioning than has been available in the litera-
ture. Meta-analyses indicate that meditative interventions
have the capacity to reduce stress in both clinical and non-
clinical populations (Alvarez-Pérez et al., 2022; Chiesa &
Serretti, 2009; Eberth & Sedlmeier, 2012; Khoury et al.,
2015; Pascoe et al., 2017a, 2017b). Stress is an anteced-
ent to immune dysregulation—especially chronic inflam-
mation (Godbout & Glaser, 2006; Gouin, 2011; Padget &
Glaser, 2003). Although prior studies and meta-analyses
have sought to understand the effect of meditative practices
on specific immune biomarkers (i.e., telomeres; Schutte
et al., 2020), the current meta-analysis was designed to
examine whether meditative interventions affect immune
functioning, more generally, including many biomarkers
(e.g., monocytes, CD3, IL-8) available in empirical reports.
To our knowledge, the current findings revealed the over-
all magnitude of the effect size associated with meditative
interventions on immune functioning. Whether comparing
pre- to post-intervention changes in immune functioning
(primary effect size), comparing the control conditions
directly to the intervention conditions (secondary effect
size), or using prediction intervals, the meta-analyses indi-
cated the effect of meditative interventions on immune
functioning is likely small but robust. Furthermore, the
meta-analysis uncovered the importance of key theoretical
and methodological moderators, including the duration of
the intervention and the health status of the participants.

Theoretical Moderators

Duration The duration or “dosing” of meditative inter-
ventions necessary for beneficial changes has been a
longstanding question in the field of mindfulness
research (e.g., Creswell, 2017). This question becomes
further complicated when considering the various
types of meditative interventions. The meta-analytic
results revealed that longer meditative interventions
were associated with more adaptive basal immune pro-
files. This finding supports theory and research (Chin
et al., 2019; Creswell, 2017) that suggest that greater
immune benefits should result from longer, sustained
meditative practice. Although the meta-analysis by
Schutte et al. (2020) meta-analysis revealed that more
intensive practice was associated with greater immune
benefit among experienced meditators, their results did
not demonstrate a dose-response relationship among
intervention studies, which typically include novice
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meditators. Similarly, Strohmaier (2020) found no
relationship between the dose of mindfulness-based
interventions among novice practitioners and psy-
chological outcomes, but immune outcomes were not
assessed. As such, the current results provide evidence
that future research should seek to examine the opti-
mal dose—-response relationship for improving immune
functioning.

Health of Participant Samples The meta-analytic results
suggested that immune benefits for healthy participants
in meditative interventions were weak and nonsignificant.
These results support the predictions by Morgan et al.
(2014) as well as those by Bower and Irwin (2016), which
were based on their narrative reviews of the literature. Spe-
cifically, that type of population likely determines whether
detectable changes in immune functioning will occur.
For example, among healthy individuals, CRP should be
undetectable; thus, researchers would only expect reduc-
tions in CRP among those experiencing elevated stress or
other proinflammatory diagnoses. Our exploratory analysis
showed that when healthy participants were categorized as
either healthy or healthy-stressed, as defined by the primary
researchers, a positive effect of the meditative interventions
emerged among those experiencing acute stress. Consistent
with the stress-buffering hypothesis (Creswell & Lindsay,
2014), immune effects appear to be more reliable for those
with elevated stress. In comparison to individuals at risk for
immune dysfunction and systemic inflammation, relatively
healthy individuals who participate in meditative interven-
tions are less likely to have detectable changes in immune
functioning as they are more likely to have biomarkers
within optimal levels (Puhlmann et al., 2019). Neverthe-
less, meditative interventions may provide immuno-protec-
tive benefits for healthy individuals by buffering stress that
could ultimately cause immune dysregulation (e.g., Nguyen
et al., 2019).

The meta-analytic results indicated that meditative
interventions improved immune functioning among par-
ticipants with physiological and psychological diagnoses.
Meditative interventions likely improve the regulation of
and reactivity to stressors (Creswell & Lindsay, 2014).
Stress has deleterious effects on immune functioning and
contributes to chronic inflammation (Cohen et al., 2012).
Thus, buffering stress may improve proinflammatory
conditions and reduce pathological outcomes. Medita-
tive interventions had significant effects on each of the
biomarkers indicative of inflammation (i.e., CRP, NF-xB,
IgA, IL-6). This suggests that meditative interventions
have the capacity to modulate dysregulated inflammatory
responses that are implicated in psychological and physi-
ological pathological outcomes.
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Methodological Moderators

Control Conditions The included studies utilized a vari-
ety of active control conditions, including exercise, health
education, and therapy; other studies relied on waitlisted or
treatment-as-usual control groups, and a relative minority
included no control group. The results revealed that the mag-
nitude of the effects of the meditative interventions did not
differ between studies utilizing control groups (n=287) and
those without control groups (n=18). Similarly, regardless
of whether studies included active controls (n =43) or wait-
listed controls (n=44), the results revealed that the medita-
tive interventions were associated with improved immune
functioning. Nevertheless, researchers (e.g., Rosenkranz
et al., 2019) have emphasized the need for the inclusion of
active control groups because they allow for stronger conclu-
sions by controlling for non-specific treatment factors (e.g.,
time, attention, group setting, education, etc.).

Intervention Delivery The meta-analytic results suggested
that meditative interventions were effective whether deliv-
ered in the more traditional synchronous format or asynchro-
nously; this finding has not been revealed in prior reviews.
These findings suggest that improvements in immune func-
tioning following meditative interventions are not merely
consequences of the social support that might be offered
by face-to-face interventions with other participants and an
instructor. Further, this finding is important because some
populations (e.g., rural persons, homebound persons) may
require asynchronous delivery of meditative therapies (i.e.,
online, app-based, or pre-recorded interventions). The cur-
rent results suggest that there is flexibility in developing and
implementing remote meditative interventions that are via-
ble options for improving immune functioning and health.

Intervention Type Overall, the current meta-analysis sug-
gests that meditative interventions were associated with
immune functioning for all three categories of meditative
practices, mindfulness-based, primarily formal meditation,
or meditative-movement. The analysis that compared the
magnitudes of the respective average effect sizes suggested
that MMIs were associated with the largest positive effect
size. An exploratory analysis, however, suggested that this
difference may be attributable to MMIs being typically
longer in duration. Nevertheless, it is also possible that the
exercise component (e.g., yoga, qigong) combined with
other meditative components (e.g., meditation, focused
breathing) affords the greatest benefit, as exercise is asso-
ciated with improvements in immune functioning among
both healthy and clinical populations (Chastin et al., 2021;
Khosravi et al., 2019). As was the case for delivery, these
results suggest that there is flexibility in the implementa-
tion of meditative interventions that can be designed for and

offered to populations with specific abilities and needs—for
example, for individuals who are able to engage in more rig-
orous movement compared to those who cannot. Although
the meta-analyses compared intervention categories, future
studies should compare the relative benefits of different
types of meditative practices experimentally.

Immune Categories and Single-Level Biomarkers

Consistent with the results for the overall effect size for
immune functioning, the meta-analytic findings revealed
that meditative interventions had significant effects on
each of the five immune categories. There were small but
significant effects on inflammatory mediators, cellular
aging, and leukocytes. The results also showed moderate
effects on antibodies/immunoglobulins and large effects on
NF-xB though these latter findings should be interpreted
with caution because the number of effect sizes available
and the number of participants in these categories were
relatively small. Single-level biomarkers with an adequate
number of effect sizes were also analyzed to further elu-
cidate the effect of meditative interventions on immune
functioning. Supporting prior reviews, the findings of the
current work suggested small but reliable effect size for
the inflammatory mediator, CRP.

Inflammatory Mediators Unsurprisingly, given the rela-
tionships among stress, inflammation, and dysregulated
immune functioning, inflammatory mediators were
the most studied immune category in the studies eligi-
ble for review. As their name suggests, inflammatory
mediators play a critical role in facilitating pro and anti-
inflammatory innate and adaptive immune functioning,
but also facilitate the release of neurotransmitters, stress
responses, and communication between the immune sys-
tem and the brain (Irwin, 2002). In the studies eligible for
review, proinflammatory (rather than anti-inflammatory)
cytokines were assessed most often. Chronic inflamma-
tion is a consequence of dysregulated immune function-
ing, and it results in various pathological outcomes,
including arthritis, cancer, atherosclerosis, neurodegen-
erative conditions, and early death (Heikkila et al., 2007;
McKoy & Tansey, 2008; Ridker, 2002). Because chronic
inflammation is a major antecedent to disease, even the
small effect of meditative interventions on inflammatory
response could have clinical significance for disease pro-
gression and severity. Prior empirical research examin-
ing MBIs as a means to decrease disease severity have
mixed results (perhaps because of the vast heterogeneity
of studies; Greeson & Chin, 2019). The findings of the
current meta-analysis suggest that changes in inflam-
matory biomarkers following meditative interventions
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should be further explored as a possible mechanism of
action contributing to the relationship between meditation
and improved immune function.

Cellular Aging The meta-analytic results revealed a small
effect size for cellular aging. Further analysis revealed
the average effect size for telomerase, but not telomere
length, was statistically significant. One reason for this
apparent difference in effect sizes may be that it takes
more time to influence telomere length than telomerase
activity (Conklin et al., 2018). It is noteworthy that the
variety in durations among the meditative interventions
that measured telomerase ranged from 6 days to 22 weeks
with a mode of 8 weeks. This may suggest that interven-
tion durations of 8 weeks may be sufficient for detecting
changes in telomerase activity and may offer guidance
regarding the minimum duration necessary for future
intervention designs. However, meditative practices
may need to be sustained for longer than eight weeks to
show reliable changes in telomere length (Schutte et al.,
2020). Further, post-intervention changes in cellular
aging may be component specific. For example, Nguyen
et al. (2019) found that loving-kindness meditation, but
not mindfulness meditation, buffered telomere length
attrition when compared to participants in the control
condition.

Cellular aging is a normal consequence of aging, but
telomere attrition is also exacerbated by chronic stress and
unhealthy lifestyle choices (e.g., smoking) and is associ-
ated with increased disease risk and mortality (Epel et al.,
2004). Cellular aging can be modulated through lifestyle
modifications, and the current results suggest that meditative

interventions may be one approach, although more research
is warranted (Denham & Sellami, 2021).

Leukocytes The results also indicated a small but signifi-
cant effect size for leukocytes. This finding suggests that
meditative interventions may bolster both adaptive and
innate immune functioning, and, thereby, may help protect
against fungal, bacterial, and viral infections, as well as
some cancers and autoimmune reactivity. Although medi-
tative interventions revealed a significant effect size for
this immune category, the results indicated nonsignificant
effect sizes for CD4 and NK cells; this was not surprising
because prior narrative meta-analytic reviews have sug-
gested the same (Black & Slavich, 2016; Bower & Irwin,
2016; Morgan et al., 2014). CD4 is typically used to assess
disease progression among those diagnosed with HIV and
may not be a meaningful marker in other populations (Phil-
lips & Lundgren, 2006). Other individual level biomarkers
in the leukocyte category had too few effect sizes to ana-
lyze individually. Evaluation of changes in leukocytes is
highly dependent on health status and the specific subtype
of leukocyte. For example, B lymphocyte cells have a vari-
ety of subsets and functions, which can promote or inhibit
tumor progression (Fremd et al., 2013; Martin & Chan,
2006; Nelson, 2010). Similarly, Neutrophils (neutrophilic
polymorphonuclear leukocytes) are white blood cell phago-
cytes of the innate immune system that can phenotypically
differentiate and either inhibit or promote cancer progres-
sion (Coffelt et al., 2016, for review). The vast differences
in leukocyte effector cells and functions suggest that
continued empirical research is needed to understand the
effect of meditative interventions on specific effector cells
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Table 2 Results of Risk of Bias Assessment

Report Domain 1: Domain 2: Devia- Domain 3:  Domain 4: Domain 5: Selection Other Bias Overall Rob
Randomiza- tion from Interven- Missing Measurement of  of Reported Results
tion tion Data Outcome
Agnihotri et al. (2014) LOW LOW LOW LOW LOW LOW LOW
Andrés-Rodrigues et al. LOW LOW LOW LOW LOW LOW LOW
(2019)
Arefnasab et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Black et al. (2014) LOW LOW LOW LOW LOW LOW LOW
Black et al. (2015) LOW LOW LOW LOW LOW LOW LOW
Bower (2015) LOW LOW LOW LOW LOW LOW LOW
Buijze et al. (2019) LOW LOW LOW LOW LOW LOW LOW
Cahn (2017) HIGH LOW LOW LOW SC LOW SC
Carlson et al. (2007) HIGH LOW LOW LOW LOW SC SC
Carlson et al. (2015) LOW LOW LOW LOW SC LOW LOW
Chacko et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Chen (2016) LOW LOW LOW LOW LOW LOW LOW
Cheung (2019) LOW LOW LOW LOW LOW LOW LOW
Conklin (2018) SC LOW LOW LOW LOW LOW LOW
Creswell (2009) LOW LOW SC LOW LOW LOW LOW
Creswell (2012) LOW LOW LOW LOW LOW LOW LOW
Creswell (2016) LOW LOW LOW LOW LOW LOW LOW
Daubenmier et al. LOW LOW SC LOW LOW LOW LOW
(2012)
Duraimani et al. (2015) LOW LOW LOW LOW LOW LOW LOW
Dunne (2019) LOW LOW LOW LOW LOW LOW LOW
Elsenbruch et al. (2005) LOW LOW LOW LOW LOW LOW LOW
Epel et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Fan et al. (2010) LOW LOW LOW LOW LOW LOW LOW
Fang et al. (2010) HIGH LOW SC LOW LOW LOW SC
Gallegos et al.(2015) HIGH LOW LOW LOW LOW LOW SC
Ganesan et al. (2020) HIGH LOW LOW LOW LOW LOW LOW
Gautam (2019) LOW LOW LOW LOW LOW LOW LOW
Gerbarg et al. (2015) LOW LOW LOW LOW LOW LOW LOW
Gonzalez-Garciaetal. LOW LOW LOW LOW LOW LOW LOW
(2014)
Gopal et al. (2011) LOW LOW LOW LOW LOW LOW LOW
Groesbeck et al. (2018) HIGH LOW LOW LOW LOW LOW LOW
Hardgrave (2010) LOW LOW LOW LOW HIGH LOW SC
Hecht et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Heckenberg et al. (2019) HIGH LOW LOW LOW LOW LOW LOW
Hidderley and Holt SC LOW SC LOW LOW LOW SC
(2004)
Ho (2012) LOW LOW LOW LOW LOW LOW LOW
Hoge et al. (2018) LOW LOW SC LOW LOW LOW LOW
Huberty et al. (2019) LOW LOW LOW LOW LOW LOW LOW
Hung et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Hur et al. (2014) HIGH LOW LOW LOW HIGH SC HIGH
Innes et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Irwin and Olmstead LOW LOW LOW LOW LOW LOW LOW
(2012)
Irwin et al. (2014) LOW LOW LOW LOW LOW LOW LOW
Jam (2010) HIGH LOW HIGH LOW LOW LOW HIGH
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Table 2 (continued)

Report Domain 1: Domain 2: Devia- Domain 3:  Domain 4: Domain 5: Selection Other Bias Overall Rob
Randomiza- tion from Interven- Missing Measurement of  of Reported Results
tion tion Data Outcome
Janelsins (2011) LOW LOW SC LOW LOW LOW SC
Keng et al. (2020) LOW LOW LOW LOW LOW LOW LOW
Lavretsky et al. (2011) LOW LOW LOW LOW LOW LOW LOW
Lavretsky et al. (2013) LOW LOW SC LOW LOW SC SC
Lee (2019) LOW LOW LOW LOW LOW LOW LOW
Lengacher et al. (2012) HIGH LOW HIGH LOW LOW LOW HIGH
Lengacher et al. (2013) LOW LOW LOW LOW LOW LOW LOW
Lengacher et al. (2014) LOW LOW LOW LOW LOW LOW LOW
MacDonald et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Malarkey et al. (2013) LOW LOW LOW LOW LOW LOW LOW
Marciniak et al. (2020) LOW LOW LOW LOW LOW LOW LOW
McCarthy et al. (2017) HIGH LOW LOW LOW LOW LOW SC
Mclntyre et al. (2018)  HIGH LOW HIGH LOW LOW HIGH HIGH
Memon et al. (2017) LOW LOW LOW LOW LOW LOW LOW
Meyer et al. (2019) LOW LOW LOW LOW LOW LOW LOW
Mirmahmoodi et al. LOW LOW LOW LOW LOW LOW LOW
(2020)
Naoroibam et al. (2016) SC LOW SC LOW LOW SC SC
Ng et al. (2020) LOW LOW LOW LOW LOW LOW LOW
Nguyen et al. (2019) LOW LOW LOW LOW LOW LOW LOW
Nugent et al. (2021) LOW LOW LOW LOW LOW LOW LOW
Oh et al. (2010) LOW LOW HIGH LOW LOW LOW SC
Oh et al. (2012) LOW LOW LOW LOW LOW N LOW
Oken et al. (2010) LOW LOW HIGH LOW LOW LOW SC
Ornish et al. (2008) HIGH LOW LOW LOW LOW LOW LOW
Pace et al. (2009) LOW LOW HIGH LOW LOW SC SC
Park and Oh (2012) HIGH LOW HIGH SC LOW LOW LOW
Prakhinkit et al. (2014) LOW LOW LOW LOW LOW LOW LOW
Puhlmann et al. (2019) LOW LOW LOW LOW LOW LOW LOW
Pullen et al. (2008) LOW LOW LOW LOW LOW SC LOW
Pullen et al. (2010) SC LOW SC LOW LOW SC SC
Rao et al. (2015) HIGH LOW LOW LOW LOW SC SC
Rao et al. (2017) LOW LOW SC LOW LOW N LOW
Reich et al. (2017) LOW LOW HIGH LOW LOW SC SC
Robinson et al. (2003) HIGH LOW HIGH LOW LOW SC HIGH
Rodriguez-Pena et al. HIGH LOW LOW LOW LOW SC SC
(2014)
Rosenkranz et al. (2013) SC LOW HIGH N/A LOW SC HIGH
Sanabria-Mazo et al. LOW LOW LOW LOW LOW LOW LOW
(2020)
Sarenmalm et al. (2017) LOW LOW LOW LOW LOW LOW LOW
SeyedAlinaghi et al. LOW LOW SC LOW LOW SC SC
(2012)
Sharma et al. (2015) SC LOW LOW LOW LOW LOW SC
Shields et al. (2020) LOW LOW LOW LOW LOW LOW LOW
Smith et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Sohl et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Taylor (1995) SC LOW SC LOW LOW HIGH HIGH
Tenfelde et al. (2019) HIGH LOW LOW LOW LOW LOW SC
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Table 2 (continued)

Report Domain 1: Domain 2: Devia- Domain 3:  Domain 4: Domain 5: Selection Other Bias Overall Rob

Randomiza- tion from Interven- Missing Measurement of  of Reported Results

tion tion Data Outcome
Thokchom et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Tolahunase et al. (2017) HIGH LOW LOW LOW LOW LOW SC
Tolahunase et al. (2018) LOW LOW LOW LOW LOW LOW LOW
Turner et al. (2020) LOW LOW LOW LOW LOW LOW LOW
Villalba et al. (2019) 1 LOW LOW LOW LOW LOW LOW LOW
Villalba et al. (2019)2 LOW LOW LOW LOW LOW LOW LOW
Walsh et al. (2016) HIGH LOW HIGH LOW LOW LOW HIGH
Wang (2017) LOW LOW LOW LOW LOW SC SC
Webb et al. (2018) LOW SC LOW SC LOW LOW SC
Wetherell et al. (2020) HIGH LOW LOW LOW LOW LOW LOW
Wirth (2019) LOW LOW LOW LOW LOW LOW LOW
Witek-Janusek (2019) LOW LOW LOW LOW LOW LOW LOW
Yadav et al. (2012) HIGH LOW SC LOW LOW SC SC
Zautra et al. (2008) LOW LOW LOW LOW LOW LOW LOW
Zgierska et al. (2016) LOW LOW LOW LOW LOW LOW LOW
Zgierska et al. (2019) LOW LOW LOW LOW LOW LOW LOW

belonging to the leukocyte category. Furthermore, leuko-
cytes produce both pro and anti-inflammatory cytokines,
and the examination of this category alone does not clearly
specify which outcome is more likely to be impacted. Thus,
questions remain about which specific immune cells and
processes may be associated with the greatest benefit from
meditative interventions.

Immunoglobulins Meditative interventions were associ-
ated with a moderate effect size for immunoglobulins, also

suggesting that these practices may protect against bacte-
rial and viral infections, as well as reduce the risk of dis-
eases associated with dysregulated immunoglobulin levels
(Ludvigsson et al., 2015; Perez et al., 2017). Furthermore,
a significant effect size was revealed for the single-level
biomarker, sIgA. IgA is often considered in terms of its
ability to prevent infection, but it also serves a proinflam-
matory role (Hansen et al., 2019), and dysregulated IgA
levels are associated with activated NF-kB and release of
IL-6 and TNF-a in some diseases (Apeland et al., 2020).

Table 3 Meta-analyses for
primary effect sizes of the effect

of meditative interventions k N
Control Condition 86° 3003
Meditative Intervention 105 3826
Effect Sizes by Inclusion of Control Condition
No 18 591
Yes 87 3235
Effect Sizes by Type of Control Condition

¥ N
Active Control 43 1304
Mind-body 43 1457
WL/TAU 44 1712
Mind-body 44 1765

Effect Sizes for Control and Meditative Conditions

8
-0.001

0.181

0.161
0.186

8
-0.053

0.089
0.043
248

SE
0.029
0.026

0.066
0.030

SE

0.030
0.029
0.046
0.046

Lower
-0.058
0.128

0.032
0.127

Lower
-0.112
0.031
-0.047
0.157

Upper
0.056
0.230

0.29
0.25

Upper
0.006
0.146
0.134
0.339

4 P

-0.023 982
6.818 .000
2.438 015
6.139 .000
Z p

-1.765 077
3.031 .002
0.935 .350
5.356 .000

All p-values equal to .000 are <.00005. *Huberty et al. (2019), McCarthy et al. (2017), Park and Oh (2012)
included a wait-list-control but did not assess biomarkers pre and post. ® Prakhinkit et al., (2014) included
both an active and WL/TAU control group. WL/TAU = waitlist and treatment-as-usual groups. k=number
of effect sizes in the category, g =effect size

Lower=95% lower confidence interval, Upper =95% upper confidence interval, Z=Z statistic

p=significance level
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Table 4 Meta-Analysis of

Moderators of the Effect of Category of Sample*

Meditative Interventions k°
Healthy 29
Physiological disorder 58
Psychological disorder 20
Category of Delivery

kC
Asynchronous 7
Synchronous 99
Category of Intervention

k
MBI 48
Meditation-Focused 22
MMI 35

N g SE Lower Upper VA P

1097 0.087 0.05 -0.014 0.188 1.693 .090
2034 0.220 0.036 0.149 0.292 6.035 .000
713 0.218 0.061 0.099 0.338 3.585 .000
N g SE Lower Upper V4 P

213 0.283 0.114 0.060 0.505 2.488 .013
3670 0.173 0.028 0.118 0.228 6.141 .000
N g SE Lower Upper V4 )4

1097 0.111 0.037 0.038 0.184 2.994 .003
2034 0.177 0.060 0.060 0.295 2.950 .003
1329 0.273 0.044 0.186 0.360 6.154 .000

All p-values equal .0000 are <.00005. MBI=Mindfulness-based intervention; Meditation = Interventions
primarily focused on meditation; MMI=Mindful-movement interventions. *For category of sample, the
effect sizes are reported three digits to the right of the decimal to distinguish the values for the effect size
and the p-value in the healthy category and to distinguish the effect sizes for the physical and psychologi-
cal categories. ®Lengaucher et al. (2012) included both healthy participants and those with physiological
disorders, and Hur et al. (2014) included both healthy participants and those with psychological diagnoses.
“Sarenemalm et al. (2017) included both an asynchronously delivered intervention and a synchronously
delivered intervention. k=number of effect sizes in the category, g =effect size

Lower=95% lower confidence interval, Upper=95% upper confidence interval, Z=Z statistic

p=significance level

Thus, the significant effect size for [gA may be indicative
of decreased inflammatory responses as well as protection
against infection.

NF-kB Finally, results indicated that meditative interventions
were associated with a large effect size for NF-xB. The cel-
lular transcription biomarker, NF-kB, influences inflamma-
tory genes responsible for encoding TNF-o and IL-6 (among
others), and these proinflammatory cytokines further activate
NF-xB pathways (Liu et al., 2017). The significant effect size
for NF-kB, alongside the other findings for TNF-a, IL-6,
and IgA, may suggest that epigenetic changes are a critical
mechanism of meditative interventions for improving health
outcomes. This supposition is supported by other research,
more broadly, which indicates that mind-body practices have
epigenetic effects (Cozzolino et al., 2017). Nevertheless, very
few studies eligible for review included assessments of cellu-
lar transcription, and thus firm conclusions are unwarranted.

Limitations and Future Directions

Several limitations of the meta-analytic review must be con-
sidered. Although we adopted various strategies to uncover
unpublished studies, only a few were eligible for inclusion.
Yet, the "file drawer problem" unlikely had any undue effect
on the current meta-analyses for several reasons. First, many
of the published articles reported nonsignificant findings for
the immune measures, and second, the meta-analytic indices
suggested a lack of publication bias. Additionally, the risk
of bias assessment indicated that the majority of the stud-
ies included in the meta-analysis were unlikely influenced
by systemic reporting biases. This suggests that, overall,
the studies in the meditative literature are high in internal
validity. Nevertheless, we acknowledge that the meta-anal-
ysis included observational studies without control groups,
which could be considered a limitation. There was no evi-
dence that the average effect of these studies was different

Table 5 Meta-analyses by

h . Kt N g SE Lower  Upper Z P

immune categories of the effect

of meditative interventions Antibodies/Immunoglobulins 6 110 0419 0134 0157 0680  3.134  .002
Inflammatory Mediators 68 2447  0.149 0034 0083 0215 4417  .000
Leukocytes 20 695  0.124 0063 0001 0247 1977  .048
NF-xB 4 64 0.890  0.192 0514 1266 4643  .000
Cellular aging 18 959 0212 0065 008 0339 3263 .00l
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from (or larger than) those that included control groups. As
with most meta-analyses, our findings are limited by het-
erogeneity across sample types (healthy, psychological, or
physiological disorders and meditative intervention proto-
cols. The considerable variability in the meditative interven-
tions (e.g., type, duration and amount of practice, additional
intervention components) hampers firm conclusions about
the active components of the interventions responsible for
the observed effects. Arguably, meditative interventions are
best implemented prior to (preventatively) or early in disease
processes, but not enough research has been conducted to
examine how the timing of the intervention impacts immune
functioning. In addition, statistically significant improve-
ments in immune functioning may not always have clinically
meaningful implications. Further, it is unclear whether and
for how long changes in immune functioning are sustained
following interventions. Certainly, much additional research
is needed to fully understand the effects of meditation on
immune functioning among a variety of interventions and
populations.

Reports in the popular media regarding the benefits of
meditative interventions on immune function have been
based on mixed yet promising, empirical evidence. Fur-
thermore, misinformation regarding meditation-related
research is currently being disseminated in the media based
on assumptions that are yet to be proven, creating a risk of
public misinformation regarding the effects of meditative
interventions on immune functioning (National Center for
Complementary & Integrative Health, 2016). Importantly,
stakeholders interested in meditative intervention research
(i.e., clinicians, patients, and policymakers) require addi-
tional evidence to understand more fully how meditative
interventions may influence immunity and health. Neverthe-
less, the current meta-analysis advances our understanding
of unresolved questions in the literature, including whether
the health of the sample as well as whether the type and
length of interventions are associated with immunity and
health. Our meta-analytic findings provide compelling evi-
dence that several moderating factors influence the effect
size indicating the possible association between meditative
interventions and immune function (e.g., the health status of
the sample, intervention subtype and duration, and category
of the immune function). Meditative interventions appear
to offer favorable immune benefits to individuals diagnosed
with physiological and psychological disorders, though there
is far less evidence regarding healthy populations. Further,
meditative interventions with longer durations appear to
have greater influence on immune functioning, which has
implications for the designs of meditative interventions and
meditative practices, more generally.

Directions for future research include the need for stud-
ies to further delineate the benefits of specific types of
meditative intervention on specific categories of immune

functioning. Our meta-analysis highlights a need for thought-
ful consideration in the design of future studies that aim to
examine improvements in immune function associated with
meditation, given normal baseline immune function among
healthy participants. Although resource-intensive, longitu-
dinal approaches may be required to answer these questions.
Finally, a critical next step is for studies to compare the spe-
cific effects of various types of meditative interventions to
each other as well as to other established therapies and treat-
ments (Hunt et al., 2018; Kinser & Robins, 2013).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12671-023-02157-w.

Author Contributions Danielle L. Oyler coded studies, assisted with
analyses, as well as wrote and edited the manuscript. Jennifer M. Hulett
coded studies, made decisions regarding biomarker directionality, and
provided edits to the manuscript. Steven D. Pratscher performed litera-
ture searches, coded studies, and wrote and edited the manuscript. Mol-
lie A. Price-Blackshear performed literature searches, coded studies,
and provided edits to the manuscript. E. Angela Murphy coded studies
and made decisions regarding biomarker directionality. B. Ann Betten-
court performed literature searches, coded studies, analyzed data, and
contributed to writing and editing manuscripts.

Data Availability The data are being further analyzed and are not pub-
licly available at this time.

Declarations
Ethical Approval The current work analyzed existing data only.

Informed Consent The current work analyzed existing data only.

Conflict of Interest The authors declare that they have no conflict of
interest.

References

Aggarwal, B. B., Vijayalekshmi, R. V., & Sung, B. (2009). Tar-
geting inflammatory pathways for prevention and therapy of
cancer: Short-term friend, long-term foe. Clinical Cancer
Research, 15(2), 425-430. https://doi.org/10.1158/1078-0432.
CCR-08-0149

*Agnihotri, S., Kant, S., Kumar, S., Mishra, R. K., & Mishra, S.
K. (2014). Impact of yoga on biochemical profile of asthmat-
ics: A randomized controlled study. International Journal of
Yoga, 7(1), 17-21. https://doi.org/10.4103/0973-6131.123473

Alvarez-Pérez, Y., Rivero-Santana, A., Perestelo-Pérez, L., Duarte-
Diaz, A., Ramos-Garcia, V., Toledo-Chévarri, A., Torres-
Castafio, A., Leén-Salas, B., Infante-Ventura, D., Gonzéalez-
Hernandez, N., Rodriguez-Rodriguez, L., & Serrano-Aguilar,
P. (2022). Effectiveness of mantra-based meditation on mental
health: a systematic review and meta-analysis. International
Journal of Environmental Research and Public Health, 19(6),
3380-3390. https://doi.org/10.3390/ijerph 19063380

Analayo, B. (2020). Buddhist antecedents to the body scan medi-
tation. Mindfulness, 11(1), 194-202. https://doi.org/10.1007/
$12671-019-01259-8

@ Springer


https://doi.org/10.1007/s12671-023-02157-w
https://doi.org/10.1158/1078-0432.CCR-08-0149
https://doi.org/10.1158/1078-0432.CCR-08-0149
https://doi.org/10.4103/0973-6131.123473
https://doi.org/10.3390/ijerph19063380
https://doi.org/10.1007/s12671-019-01259-8
https://doi.org/10.1007/s12671-019-01259-8

Mindfulness

*Andres-Rodriguez, L., Borras, X., Feliu-Soler, A., Perez-Aranda,
A., Rozadilla-Sacanell, A., Montero-Marin, J., Maes, M., &
Luciano, J.V. (2019). Immune-inflammatory pathways and clini-
cal changes in fibromyalgia patients treated with Mindfulness-
Based Stress Reduction (MBSR): A randomized, controlled clini-
cal trial. Brain, Behavior, and Immunity, 80, 109-119. https://doi.
org/10.1016/j.bbi.2019.02.030

Apeland, T., Mansoor, M. A., Furriol, J., Ushakova, A., Jonsson, G.,
Stangeland, K. W., & Marti, H. P. (2020). Circulating inflamma-
tion-related factors are correlated with systemic redox status in
IgA nephropathy; A case-control study. Free Radical Biology
and Medicine, 155, 10-18. https://doi.org/10.1016/j.freeradbio
med.2020.05.005

*Arefnasab Z., Babamahmoodi A., Babamahmoodi F., Noorbala, A.A.,
Slipour, A., Panahi, Y. Shams, J., Rad, F.R., Khaze, V. & Ghanei,
M. (2016). Mindfulness-based stress reduction (MBSR) and its
effects on psychoimmunological factors of chemically pulmo-
nary injured veterans. Iranian Journal of Allergy, Asthma, and
Immunology, 15, 476-486

Astin, J. A., Berman, B. M., Bausell, B., Lee, W. L., Hochberg, M.,
& Forys, K. L. (2003). The efficacy of mindfulness meditation
plus Qigong movement therapy in the treatment of fibromyalgia:
A randomized controlled trial. The Journal of Rheumatology,
30(10), 2257-2262.

Barrett, B., Hayney, M. S., Muller, D., Rakel, D., Ward, A., Obasi,
C. N., & West, R. (2012). Meditation or exercise for preventing
acute respiratory infection: A randomized controlled trial. The
Annals of Family Medicine, 10(4), 337-346.

*Black, D. S., Irwin, M. R., Olmstead, R., Ji, E., Breen, E. C., & Moti-
vala, S. J. (2014). Tai chi meditation effects on nuclear factor-
kappaB signaling in lonely older adults: a randomized controlled
trial. Psychotherapy and Psychosomatics, 83(5), 315-317. https://
doi.org/10.1159/000359956

Black, D. S., & Slavich, G. M. (2016). Mindfulness meditation and the
immune system: A systematic review of randomized controlled
trials. Annals of the New York Academy of Sciences, 1373(1),
13-24. https://doi.org/10.1111/nyas.12998

*Black, D. S., O’Reilly, G. A., Olmstead, R., Breen, E. C., & Irwin,
M. R. (2015). Mindfulness meditation and improvement in sleep
quality and daytime impairment among older adults with sleep
disturbances: a randomized clinical trial. JAMA Internal Medi-
cine, 175(4), 494-501. https://doi.org/10.1001/jamainternmed.
2014.8081

Borenstein, M. (2019). Common mistakes in meta-analysis and how
to avoid them. Biostat.

Borenstein, M., Hedges, L., Higgins, J., & Rothstein, H. (2005). Com-
prehensive Meta-Analysis (Version 3). Biostat.

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2010).
A basic introduction to fixed-effect and random-effects models
for meta-analysis. Research Synthesis Methods, 1(2), 97-111.
https://doi.org/10.1002/jrsm.12

Bower, J. E., & Irwin, M. R. (2016). Mind—body therapies and control
of inflammatory biology: A descriptive review. Brain, Behavior,
and Immunity, 51, 1-11. https://doi.org/10.1016/j.bbi.2015.06.
012

Boyle, C. C., Cole, S. W., Dutcher, J. M., Eisenberger, N. 1., & Bower,
J. E. (2019). Changes in eudaimonic well-being and the con-
served transcriptional response to adversity in younger breast
cancer survivors. Psychoneuroendocrinology, 103, 173—-179.
https://doi.org/10.1016/j.psyneuen.2019.01.024

*Bower, J. E., Crosswell, A. D., Stanton, A. L., Crespi, C. M., Win-
ston, D., Arevalo, J., Ma, J., Cole, S. W., & Ganz, P. A. (2015).
Mindfulness meditation for younger breast cancer survivors: A
randomized controlled trial. Cancer, 121(8), 1231-1240. https://
doi.org/10.1002/cncr.29194

@ Springer

Brower, V. (2006). Mind-body research moves towards the main-
stream: Mounting evidence for the role of the mind in disease
and healing is leading to a greater acceptance of mind—body
medicine. EMBO Reports, 7(4), 358-361. https://doi.org/10.
1038/sj.embor.7400671

*Buijze, G. A., De Jong, H. M. Y., Kox, M., van de Sande, M. G.,
Schaardenburg, D. V., Van Vugt, R. M., Popa, C. D., Pickkers,
P., & Baeten, D. L. P. (2019). An add-on training program involv-
ing breathing exercises, cold exposure, and meditation attenuates
inflammation and disease activity in axial spondyloarthritis - A
proof of concept trial. PLoS ONE, 14(12), €0225749. https://doi.
org/10.1371/journal.pone.0225749

*Cahn, B.R., Goodman, M.S., Peterson, C.T., Maturi, R., & Mills,
PJ. (2017). Yoga, meditation and mind-body health: Increased
BDNEF, cortisol awakening response, and altered inflammatory
marker expression after a 3-month yoga and meditation retreat.
Frontiers in Human Neuroscience, 11, 315. https://doi.org/10.
3389/fnhum.2017.00315

*Carlson, L.E., Beattie, T.L., Giese-Davis, J., Faris, P., Tamagawa,
R., Fick, L.J., Degelman, E.S., & Speca, M. (2015). Mindful-
ness-based cancer recovery and supportive-expressive therapy
maintain telomere length relative to controls in distressed breast
cancer survivors. Cancer, 121(3), 476-484. https://doi.org/10.
1002/cncr.29063

Carlson, L. E., & Bultz, B. D. (2008). Mind-body interventions in
oncology. Current Treatment Options in Oncology, 9(2), 127—
134. https://doi.org/10.1007/s11864-008-0064-2

*Carlson, L. E., Speca, M., Faris, P., & Patel, K. D. (2007). One year
pre—post intervention follow-up of psychological, immune, endo-
crine and blood pressure outcomes of mindfulness-based stress
reduction (MBSR) in breast and prostate cancer outpatients.
Brain, Behavior, and Immunity, 21(8), 1038—1049. https://doi.
org/10.1016/j.bbi.2007.04.002

Chacko, S. A., Yeh, G. Y., Davis, R. B., & Wee, C. C. (2016). A
mindfulness-based intervention to control weight after bariatric
surgery: Preliminary results from a randomized controlled pilot
trial. Complementary Therapies in Medicine, 28, 13-21. https://
doi.org/10.1016/j.ctim.2016.07.001\

Chastin, S. F., Abaraogu, U., Bourgois, J. G., Dall, P. M., Darnbor-
ough, J., Duncan, E., Dumortier, J., Jiménez Pavon, D., McPar-
land, J., Roberts, N. J., & Hamer, M. (2021). Effects of regular
physical activity on the immune system, vaccination and risk of
community-acquired infectious disease in the general popula-
tion: systematic review and meta-analysis. Sports Medicine, 51,
1673-1686. https://doi.org/10.1007/s40279-021-01466-1

*Chen, N., Xia, X., Qin, L., Luo, L., Han, S., Wang, G., Zhang, R.,
& Wan, Z. (2016). Effects of 8-Week hatha yoga training on
metabolic and inflammatory markers in healthy, female chinese
subjects: a randomized clinical trial. BioMed Research Inter-
national, 2016, 5387258. https://doi.org/10.1155/2016/5387258

*Cheung, D. S. T., Deng, W., Tsao, S. W., Ho, R. T. H., Chan, C. L.
W., Fong, D. Y. T., Chau, P. H., Hong, A. W. L., Fung, H. Y. K.
Y., Ma, J. L. C., & Tiwari, A. F. Y. (2019). Effect of a qigong
intervention on telomerase activity and mental health in Chi-
nese women survivors of intimate partner violence: a randomized
clinical trial. JAMA Network Open, 2(1), e186967. https://doi.
org/10.1001/jamanetworkopen.2018.6967

Chin, B., Slutsky, J., Raye, J., & Creswell, J. D. (2019). Mindful-
ness training reduces stress at work: A randomized controlled
trial. Mindfulness, 10(4), 627-638. https://doi.org/10.1007/
s12671-018-1022-0

Chiesa, A., & Serretti, A. (2009). Mindfulness-based stress reduction
for stress management in healthy people: A review and meta-
analysis. The Journal of Alternative and Complementary Medi-
cine, 15(5), 593-600. https://doi.org/10.1089/acm.2008.0495


https://doi.org/10.1016/j.bbi.2019.02.030
https://doi.org/10.1016/j.bbi.2019.02.030
https://doi.org/10.1016/j.freeradbiomed.2020.05.005
https://doi.org/10.1016/j.freeradbiomed.2020.05.005
https://doi.org/10.1159/000359956
https://doi.org/10.1159/000359956
https://doi.org/10.1111/nyas.12998
https://doi.org/10.1001/jamainternmed.2014.8081
https://doi.org/10.1001/jamainternmed.2014.8081
https://doi.org/10.1002/jrsm.12
https://doi.org/10.1016/j.bbi.2015.06.012
https://doi.org/10.1016/j.bbi.2015.06.012
https://doi.org/10.1016/j.psyneuen.2019.01.024
https://doi.org/10.1002/cncr.29194
https://doi.org/10.1002/cncr.29194
https://doi.org/10.1038/sj.embor.7400671
https://doi.org/10.1038/sj.embor.7400671
https://doi.org/10.1371/journal.pone.0225749
https://doi.org/10.1371/journal.pone.0225749
https://doi.org/10.3389/fnhum.2017.00315
https://doi.org/10.3389/fnhum.2017.00315
https://doi.org/10.1002/cncr.29063
https://doi.org/10.1002/cncr.29063
https://doi.org/10.1007/s11864-008-0064-2
https://doi.org/10.1016/j.bbi.2007.04.002
https://doi.org/10.1016/j.bbi.2007.04.002
https://doi.org/10.1016/j.ctim.2016.07.001\
https://doi.org/10.1016/j.ctim.2016.07.001\
https://doi.org/10.1007/s40279-021-01466-1
https://doi.org/10.1155/2016/5387258
https://doi.org/10.1001/jamanetworkopen.2018.6967
https://doi.org/10.1001/jamanetworkopen.2018.6967
https://doi.org/10.1007/s12671-018-1022-0
https://doi.org/10.1007/s12671-018-1022-0
https://doi.org/10.1089/acm.2008.0495

Mindfulness

Coffelt, S. B., Wellenstein, M. D., & de Visser, K. E. (2016). Neutro-
phils in cancer: Neutral no more. Nature Reviews Cancer, 16(7),
431-446. https://doi.org/10.1038/nrc.2016.52

Cobhen, S., Janicki-Deverts, D., Doyle, W. J., Miller, G. E., Frank, E.,
Rabin, B. S., & Turner, R. B. (2012). Chronic stress, glucocor-
ticoid receptor resistance, inflammation, and disease risk. Pro-
ceedings of the National Academy of Sciences, 109(16), 5995-
5999. https://doi.org/10.1073/pnas. 1118355109

Conklin, Q. A., Crosswell, A. D., Saron, C. D., & Epel, E. S. (2019).
Meditation, stress processes, and telomere biology. Current
Opinion in Psychology, 28, 92-101. https://doi.org/10.1016/].
copsyc.2018.11.009

*Conklin, Q. A., King, B. G., Zanesco, A. P., Lin, J., Hamidi, A. B.,
Pokorny, J. J., Alavarex-Lopez, M.J., Cosin-Thoma, M., Huang,
C., Kaliman, P., Epel, E.S., & Saron, C. D. (2018). Insight medi-
tation and telomere biology: the effects of intensive retreat and
the moderating role of personality. Brain, Behavior, and Immu-
nity, 70, 233-245. https://doi.org/10.1016/j.bbi.2018.03.003

Cozzolino, M., Guarino, F., Castiglione, S., Cicatelli, A., & Celia, G.
(2017). Pilot study on epigenetic response to a mind-body treat-
ment. Translational Medicine@ UniSa, 17, 37-41.

Creswell, J. D. (2017). Mindfulness Interventions. Annual Review
of Psychology, 68, 491-516. https://doi.org/10.1146/annur
ev-psych-042716-051139

Creswell, J.D., Irwin, M.R., Burklund, L.J., Lieberman, M.D., Arevalo,
JM.G., Ma, J., Breen, E.C., & Cole, S.W. (2012). Mindfulness-
based stress reduction training reduces loneliness and pro-inflam-
matory gene expression in older adults: a small randomized con-
trolled trial. Brain, Behavior, and Immunity, 26(7), 1095-1101.
https://doi.org/10.1016/j.bbi.2012.07.006

Creswell, J. D., & Lindsay, E. K. (2014). How does mindfulness train-
ing affect health? a mindfulness stress buffering account. Current
Directions in Psychological Science, 23(6), 401-407. https://doi.
org/10.1177/0963721414547415

*Creswell, J. D., Myers, H. F., Cole, S. W., & Irwin, M. R. (2009).
Mindfulness meditation training effects on CD4+ T lymphocytes
in HIV-1 infected adults: A small randomized controlled trial.
Brain, Behavior, and Immunity, 23(2), 184—188. https://doi.org/
10.1016/j.bbi.2008.07.004

*Creswell, J. D., Taren, A. A., Lindsay, E. K., Greco, C. M., Gianaros,
P.J., Fairgrieve, A., Marsland, A. L., Brown, K. W., Way, B. M.,
Rosen, R. K., & Ferris, J. L. (2016). Alterations in resting-state
functional connectivity link mindfulness meditation with reduced
interleukin-6: a randomized controlled trial. Biological Psychia-
try, 80(1), 53-61. https://doi.org/10.1016/j.biopsych.2016.01.008

*Daubenmier, J., Lin, J., Blackburn, E., Hecht, F.M., Kristeller, J.,
Maninger, N., Kuwata, M., Bacchetti, P., Havel, P.J., & Epel,
E. (2012). Changes in stress, eating, and metabolic factors
are related to changes in telomerase activity in a randomized
mindfulness intervention pilot study. Psychoneuroendocrinol-
ogy, 37(7), 917-928. https://doi.org/10.1016/j.psyneuen.2011.
10.008

Davidson, R. J., Kabat-Zinn, J., Schumacher, J., Rosenkranz, M.,
Muller, D., Santorelli, S. F., Urbanowski, F., Harrington, A.,
Bonus, K., & Sheridan, J. F. (2003). Alterations in brain and
immune function produced by mindfulness meditation. Psycho-
somatic Medicine, 65(4), 564-570. https://doi.org/10.1097/01.
PSY.0000077505.67574.E3

de Kloet, E. R. (2003). Hormones, brain and stress. Endocrine Regu-
lations, 37(2), 51-68.

De Martel, C., & Franceschi, S. (2009). Infections and cancer: Estab-
lished associations and new hypotheses. Critical Reviews in
Oncology/Hematology, 70(3), 183—194. https://doi.org/10.
1016/j.critrevonc.2008.07.021

Denham, J., & Sellami, M. (2021). Exercise training increases tel-
omerase reverse transcriptase gene expression and telomerase

activity: A systematic review and meta-analysis. Ageing
Research Reviews, 101411, 1568—1637. https://doi.org/10.
1016/j.arr.2021.101411

Dossett, M. L., Fricchione, G. L., & Benson, H. (2020). A new era
for mind-body medicine. The New England Journal of Medi-
cine, 382(15), 1390-1391. https://doi.org/10.1056/NEJMp
1917461

*Dunne, P. J., Lynch, J., Prihodova, L., O’Leary, C., Ghoreyshi, A.,
Basdeo, S. A., Cox, D.J., Breen, R., Sheikhi, A., Carroll, A.,
Walsh, C., McMahon, G., & White, B. (2019). Burnout in the
emergency department: randomized controlled trial of an atten-
tion-based training program. Journal of Integrative Medicine,
17(3), 173-180. https://doi.org/10.1016/j.joim.2019.03.009

*Duraimani, S., Schneider, R. H., Randall, O. S., Nidich, S. I., Xu,
S., Ketete, M., Rainforth, M. A., Gaylord-King, C., Salerno, J.
W., & Fagan, J. (2015). Effects of lifestyle modification on tel-
omerase gene expression in hypertensive patients: a pilot trial
of stress reduction and health education programs in African
Americans. PLoS ONE, 10(11), e0142689. https://doi.org/10.
1371/journal.pone.0142689

Dutcher, J. M., Boyle, C. C., Eisenberger, N. I, Cole, S. W., &
Bower, J. E. (2021). Neural responses to threat and reward and
changes in inflammation following a mindfulness intervention.
Psychoneuroendocrinology, 125, 105114. https://doi.org/10.
1016/j.psyneuen.2020.105114

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-
plot—based method of testing and adjusting for publication bias
in meta-analysis. Biometrics, 56(2), 455-463. https://doi.org/
10.1111/j.0006-341X.2000.00455.x

Eberth, J., & Sedlmeier, P. (2012). The effects of mindfulness medi-
tation: A meta-analysis. Mindfulness, 3(3), 174-189. https://
doi.org/10.1007/s12671-012-0101-x

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias
in meta-analysis detected by a simple, graphical test. BMJ,
315(7109), 629-634. https://doi.org/10.1136/bmj.315.7109.
629

*Elsenbruch, S., Langhorst, J., Popkirowa, K., Muller, T., Leudtke,
R., Franken, U., Paul, A., Spahn, G., Michalsen, A., Janssen,
0. E., Schedlowski, M., & Dobos, G. J. (2005). Effects of
mind-body therapy on quality of life and neuroendocrine and
cellular immune functions in patients with ulcerative colitis.
Psychotherapy and Psychosomatics, 74(5), 277-287. https://
doi.org/10.1159/000086318

Epel, E. S., Blackburn, E. H., Lin, J., Dhabhar, F. S., Adler, N. E.,
Morrow, J. D., & Cawthon, R. M. (2004). Accelerated telomere
shortening in response to life stress. Proceedings of the National
Academy of Sciences, 101(49), 17312-17315. https://doi.org/10.
1073/pnas.0407162101

Epel, E. S., Puterman, E., Lin, J., Blackburn, E. H., Lum, P. Y., Beck-
mann, N. D., et al. (2016). Meditation and vacation effects have
an impact on disease-associated molecular phenotypes. Trans-
lational Psychiatry, 6(8), e880-e880. https://doi.org/10.1038/
tp.2016.164

*Fan, Y., Tang, Y. Y., Ma, Y., & Posner, M. L. (2010). Mucosal immu-
nity modulated by integrative meditation in a dose-dependent
fashion. The Journal of Alternative and Complementary Medi-
cine, 16(2), 151-155. https://doi.org/10.1089/acm.2009.0234

*Fang, C. Y., Reibel, D. K., Longacre, M. L., Rosenzweig, S., Camp-
bell, D. E., & Douglas, S. D. (2010). enhanced psychosocial
well-being following participation in a mindfulness-based stress
reduction program is associated with increased natural killer cell
activity. The Journal of Alternative and Complementary Medi-
cine, 16(5), 531-538. https://doi.org/10.1089/acm.2009.0018

Fox, K. C. R., Dixon, M. L., Nijeboer, S., Girn, M., Floman, J. L.,
Lifshitz, M., Ellamil, M., Sedlmeier, P., & Christoff, K.
(2016). Functional neuroanatomy of meditation: A review and

@ Springer


https://doi.org/10.1038/nrc.2016.52
https://doi.org/10.1073/pnas.1118355109
https://doi.org/10.1016/j.copsyc.2018.11.009
https://doi.org/10.1016/j.copsyc.2018.11.009
https://doi.org/10.1016/j.bbi.2018.03.003
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1016/j.bbi.2012.07.006
https://doi.org/10.1177/0963721414547415
https://doi.org/10.1177/0963721414547415
https://doi.org/10.1016/j.bbi.2008.07.004
https://doi.org/10.1016/j.bbi.2008.07.004
https://doi.org/10.1016/j.biopsych.2016.01.008
https://doi.org/10.1016/j.psyneuen.2011.10.008
https://doi.org/10.1016/j.psyneuen.2011.10.008
https://doi.org/10.1097/01.PSY.0000077505.67574.E3
https://doi.org/10.1097/01.PSY.0000077505.67574.E3
https://doi.org/10.1016/j.critrevonc.2008.07.021
https://doi.org/10.1016/j.critrevonc.2008.07.021
https://doi.org/10.1016/j.arr.2021.101411
https://doi.org/10.1016/j.arr.2021.101411
https://doi.org/10.1056/NEJMp1917461
https://doi.org/10.1056/NEJMp1917461
https://doi.org/10.1016/j.joim.2019.03.009
https://doi.org/10.1371/journal.pone.0142689
https://doi.org/10.1371/journal.pone.0142689
https://doi.org/10.1016/j.psyneuen.2020.105114
https://doi.org/10.1016/j.psyneuen.2020.105114
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1007/s12671-012-0101-x
https://doi.org/10.1007/s12671-012-0101-x
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1159/000086318
https://doi.org/10.1159/000086318
https://doi.org/10.1073/pnas.0407162101
https://doi.org/10.1073/pnas.0407162101
https://doi.org/10.1038/tp.2016.164
https://doi.org/10.1038/tp.2016.164
https://doi.org/10.1089/acm.2009.0234
https://doi.org/10.1089/acm.2009.0018

Mindfulness

meta-analysis of 78 functional neuroimaging investigations. Neu-
roscience & Biobehavioral Reviews, 65, 208-228. https://doi.org/
10.1016/j.neubiorev.2016.03.021

Fox, K. C., Nijeboer, S., Dixon, M. L., Floman, J. L., Ellamil, M.,
Rumak, S. P., Sedlmeier, P., & Christoff, K. (2014). Is medita-
tion associated with altered brain structure? A systematic review
and meta-analysis of morphometric neuroimaging in meditation
practitioners. Neuroscience & Biobehavioral Reviews, 43, 48-73.
https://doi.org/10.1016/j.neubiorev.2014.03.016

Fremd, C., Schuetz, F., Sohn, C., Beckhove, P., & Domschke, C.
(2013). B cell-regulated immune responses in tumor models and
cancer patients. Oncoimmunology, 2(7), €25443. https://doi.org/
10.4161/0nci.25443

*Gallegos, A. M., Lytle, M. C., Moynihan, J. A., & Talbot, N. L.
(2015). Mindfulness-based stress reduction to enhance psycho-
logical functioning and improve inflammatory biomarkers in
trauma-exposed women: a pilot study. Psychological Trauma:
Theory, Research, Practice and Policy, 7(6), 525-532. https://
doi.org/10.1037/tra0000053

Ganesan, S., Gaur, G. S., Negi, V. S., Sharma, V. K., & Pal, G. K.
(2020). Effect of yoga therapy on disease activity, inflammatory
markers, and heart rate variability in patients with rheumatoid
arthritis. The Journal of Alternative and Complementary Medi-
cine, 26(6), 501-507. https://doi.org/10.1089/acm.2019.0228

Garland, E. L., Brintz, C. E., Hanley, A. W., Roseen, E. J., Atchley,
R. M., Gaylord, S. A., Faurot, K. R., Yaffe, J., Fiander, M., &
Keefe, F. J. (2020). Mind-body therapies for opioid-treated pain:
a systematic review and meta-analysis. JAMA Internal Medicine,
180(1), 91-105. https://doi.org/10.1001/jamainternmed.2019.4917

*Gautam, S., Tolahunase, M., Kumar, U., & Dada, R. (2019). Impact
of yoga based mind-body intervention on systemic inflamma-
tory markers and co-morbid depression in active rheumatoid
arthritis patients: A randomized controlled trial. Restorative
Neurology and Neuroscience, 37(1), 41-59. https://doi.org/10.
3233/RNN-180875

*Gerbarg, P. L., Jacob, V. E., Stevens, L., Bosworth, B. P., Chabouni,
F., DeFilippis, E. M., Warren, R., Trivellas, M., Patel, P. V.,
Webb, C. D., Harbus, M. D., Christos, P. J., Brown, R. P., &
Scherl, E. J. (2015). The effect of breathing, movement, and
meditation on pychological and physical symptoms and inflam-
matory biomarkers in inflammatory bowel disease: a randomized
controlled trial. Inflammatory Bowel Diseases, 21, 2886—2896.
https://doi.org/10.1097/MIB.0000000000000568

Gilbert, M. D. (2003). Weaving medicine back together: Mind—body
medicine in the twenty-first century. The Journal of Alternative
& Complementary Medicine, 9(4), 563-570. https://doi.org/10.
1089/107555303322284857

*Gonzalez-Garcia, M., Ferrer, M. J., Borras, X., Mufioz-Moreno, J. A.,
Miranda, C., Puig, J., Perez-Alvarez, N., Soler, J., Feliu-Soler,
A., Clotet, B., & Fumaz, C. R. (2014). Effectiveness of mind-
fulness-based cognitive therapy on the quality of life, emotional
status, and CD4 cell count of patients aging with HIV infection.
AIDS and Behavior, 18(4), 676—-685. https://doi.org/10.1007/
s10461-013-0612-z

Goessl, V. C., Curtiss, J. E., & Hofmann, S. G. (2017). The effect of
heart rate variability biofeedback training on stress and anxiety:
A meta-analysis. Psychological Medicine, 47(15), 2578-2586.
https://doi.org/10.1017/S0033291717001003

*Gopal, A., Mondal, S., Gandhi, A., Arora, S., & Bhattacharjee, J.
(2011). Effect of integrated yoga practices on immune responses
in examination stress—a preliminary study. International Journal
of Yoga, 4(1), 26-32. https://doi.org/10.4103/0973-6131.78178

Godbout, J. P., & Glaser, R. (2006). Stress-induced immune dysregu-
lation: Implications for wound healing, infectious disease and
cancer. Journal of Neuroimmune Pharmacology, 1, 421-427.
https://doi.org/10.1007/s11481-006-9036-0

@ Springer

Gouin, J. P. (2011). Chronic stress, immune dysregulation, and health.
American Journal of Lifestyle Medicine, 5(6), 476-485. https://
doi.org/10.1177/1559827610395467

Greeson, J. M., & Chin, G. R. (2019). Mindfulness and physical dis-
ease: A concise review. Current Opinion in Psychology, 28,
204-210. https://doi.org/10.1016/j.copsyc.2018.12.014

*Groesbeck, G., Bach, D., Stapleton, P., Blickheuser, K., Church, D.,
Sims, R. (2018). The interrelated physiological and psychologi-
cal effects of ecomeditation. Jounal of Evididence Based Inte-
grative Medicine, 23, 1-6. https://doi.org/10.1177/2515690X 18
759626

Grossman, P., Tiefenthaler-Gilmer, U., Raysz, A., & Kesper, U. (2007).
Mindfulness training as an intervention for fibromyalgia: Evi-
dence of postintervention and 3-year follow-up benefits in well-
being. Psychotherapy and Psychosomatics, 76(4), 226-233.
https://doi.org/10.1159/000101501

Hansen, I. S., Baeten, D. L., & den Dunnen, J. (2019). The inflam-
matory function of human IgA. Cellular and Molecular
Life Sciences, 76(6), 1041-1055. https://doi.org/10.1007/
s00018-018-2976-8

*Hardgrave, M. (2010). The effects of cellular theta breathing medita-
tion on cell mediated immune response: a controlled, randomized
investigation of altered consciousness and health. UNLV Theses,
Dissertations, Professional Papers, and Capstones, 871. https://
doi.org/10.34917/2216365

Hayney, M. S., Coe, C. L., Muller, D., Obasi, C. N., Backonja, U.,
Ewers, T., & Barrett, B. (2014). Age and psychological influ-
ences on immune responses to trivalent inactivated influenza vac-
cine in the meditation or exercise for preventing acute respiratory
infection (MEPARI) trial. Human Vaccines & Immunotherapeu-
tics, 10(1), 83-91. https://doi.org/10.4161/hv.26661

*Hecht, F. M., Moskowitz, J. T., Moran, P., Epel, E. S., Bacchetti, P.,
Acree, M., Kemeny, M. E., Mendes, W. B., Duncan, L. G., Weng,
H., Levy, J. A., Deeks, S. G., & Folkman, S. (2018). A rand-
omized, controlled trial of mindfulness-based stress reduction
in HIV infection. Brain, Behavior, and Immunity, 73, 331-339.
https://doi.org/10.1016/j.bbi.2018.05.017

*Heckenberg, R.A., Hale, M.W., Kent, S., & Wright, B.J. (2019).
An online mindfulness-based program is effective in improv-
ing affect, over-commitment, optimism and mucosal immunity.
Physiology & Behavior, 199, 20-27. https://doi.org/10.1016/].
physbeh.2018.11.001

Hedges, L. V., & Olkin, 1. (2014). Statistical methods for meta-analysis.
Academic press.

A pilot randomized trial assessing the effects of autogenic training
in early stage cancer patients in relation to psychological status
and immune system responses. European Journal of Oncology
Nursing, 8(1), 61-65. https://doi.org/10.1016/j.ejon.2003.09.003

Heikkild, K., Ebrahim, S., & Lawlor, D. A. (2007). A systematic review
of the association between circulating concentrations of C reac-
tive protein and cancer. Journal of Epidemiology & Commu-
nity Health, 61(9), 824-833. https://doi.org/10.1136/jech.2006.
051292

Higgins, J. P., & Thompson, S. G. (2002). Quantifying heterogeneity
in a meta-analysis. Statistics in Medicine, 21(11), 1539-1558.
https://doi.org/10.1002/sim.1186

Higgins, J. P., Savovié, J., Page, M. ]., Elbers, R. G., & Sterne, J. A.
(2019). Assessing risk of bias in a randomized trial. In Cochrane
handbook for systematic reviews of interventions (pp. 205-228).
https://doi.org/10.1002/9781119536604.ch8

Hofmann, S. G., Sawyer, A. T., Witt, A. A., & Oh, D. (2010). The effect
of mindfulness-based therapy on anxiety and depression: A meta-
analytic review. Journal of Consulting and Clinical Psychology,
78(2), 169-183. https://doi.org/10.1037/a0018555

*Ho, R. T., Chan, J. S., Wang, C. W., Lau, B. W. M,, So, K. F., Yuen,
L. P, Sham, J. S. T., & Chan, C. L. W. (2012). A randomized


https://doi.org/10.1016/j.neubiorev.2016.03.021
https://doi.org/10.1016/j.neubiorev.2016.03.021
https://doi.org/10.1016/j.neubiorev.2014.03.016
https://doi.org/10.4161/onci.25443
https://doi.org/10.4161/onci.25443
https://doi.org/10.1037/tra0000053
https://doi.org/10.1037/tra0000053
https://doi.org/10.1089/acm.2019.0228
https://doi.org/10.1001/jamainternmed.2019.4917
https://doi.org/10.3233/RNN-180875
https://doi.org/10.3233/RNN-180875
https://doi.org/10.1097/MIB.0000000000000568
https://doi.org/10.1089/107555303322284857
https://doi.org/10.1089/107555303322284857
https://doi.org/10.1007/s10461-013-0612-z
https://doi.org/10.1007/s10461-013-0612-z
https://doi.org/10.1017/S0033291717001003
https://doi.org/10.4103/0973-6131.78178
https://doi.org/10.1007/s11481-006-9036-0
https://doi.org/10.1177/1559827610395467
https://doi.org/10.1177/1559827610395467
https://doi.org/10.1016/j.copsyc.2018.12.014
https://doi.org/10.1177/2515690X18759626
https://doi.org/10.1177/2515690X18759626
https://doi.org/10.1159/000101501
https://doi.org/10.1007/s00018-018-2976-8
https://doi.org/10.1007/s00018-018-2976-8
https://doi.org/10.34917/2216365
https://doi.org/10.34917/2216365
https://doi.org/10.4161/hv.26661
https://doi.org/10.1016/j.bbi.2018.05.017
https://doi.org/10.1016/j.physbeh.2018.11.001
https://doi.org/10.1016/j.physbeh.2018.11.001
https://doi.org/10.1016/j.ejon.2003.09.003
https://doi.org/10.1136/jech.2006.051292
https://doi.org/10.1136/jech.2006.051292
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/9781119536604.ch8
https://doi.org/10.1037/a0018555

Mindfulness

controlled trial of qigong exercise on fatigue symptoms, func-
tioning, and telomerase activity in persons with chronic fatigue
or chronic fatigue syndrome. Annals of Behavioral Medicine,
44(2), 160-170. https://doi.org/10.1007/s12160-012-9381-6

*Hoge, E. A., Bui, E., Palitz, S. A., Schwarz, N. R., Owens, M. E.,
Johnston, J. M., Pollack, M. H., & Simon, N. M. (2018). The
effect of mindfulness meditation training on biological acute
stress responses in generalized anxiety disorder. Psychiatry
Research, 262, 328-332. https://doi.org/10.1016/j.psychres.
2017.01.006

*Huberty, J., Green, J., Glissmann, C., Larkey, L., Puzia, M., & Lee,
C. (2019). Efficacy of the mindfulness meditation mobile app
“calm” to reduce stress among college students: Randomized
controlled trial. JMIR mHealth and uHealth, 7(6), e14273.
https://doi.org/10.2196/14273

*Hung, H. M., Yeh, S. H., & Chen, C. H. (2016). Effects of qigong
exercise on biomarkers and mental and physical health in adults
with at least one risk factor for coronary artery disease. Bio-
logical Research for Nursing, 18(3), 264-273. https://doi.org/10.
1177/1099800415617017

Hunt, M., Al-Braiki, F., Dailey, S., Russell, R., & Simon, K. (2018).
Mindfulness training, yoga, or both? Dismantling the active
components of a mindfulness-based stress reduction interven-
tion. Mindfulness, 9(2), 512-520. https://doi.org/10.1007/
s12671-017-0793-z

*Hur, S., Han, G. S., & Cho, B. J. (2014). Changes in glucose, TNF-
alpha and IL-6 blood levels in middle-aged women associated
with aerobic exercise and meditation training. Journal of Physi-
cal Therapy Science, 26(12), 1933—1936. https://doi.org/10.1589/
jpts.26.1933

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C.
H., Cameron, C., Ioannidis, J. P. A., Straus, S., Thorlund, K.,
Jansen, J. P., Mulrow, C., Catala-Lépez, F., Ggtzsche, P. C., Dick-
ersin, K., Boutron, 1., Altman, D. G., & Moher, D. (2015). The
PRISMA extension statement for reporting of systematic reviews
incorporating network meta-analyses of health care interven-
tions: Checklist and explanations. Annals of Internal Medicine,
162(11), 777-784. https://doi.org/10.7326/M14-2385

*Innes, K. E., Selfe, T. K., Brundage, K., Montgomery, C., Wen, S.,
Kandati, S., Bowles, H., Khalsa, D. S., & Huysmans, Z. (2018).
Effects of meditation and music-listening on blood biomarkers
of cellular aging and alzheimer's disease in adults with subjec-
tive cognitive decline: an exploratory randomized clinical trial.
Journal of Alzheimer's Disease: JAD, 66(3), 947-970. https://
doi.org/10.3233/JAD-180164

Irwin, M. (2002). Psychoneuroimmunology of depression: Clini-
cal implications. Brain, Behavior, and Immunity, 16(1), 1-16.
https://doi.org/10.1006/brbi.2001.0654

*Irwin, M. R., Olmstead, R., Breen, E. C., Witarama, T., Carrillo,
C., Sadeghi, N., Arevalo, J. M., Ma, J., Nicassio, P., Ganz, P.
A., Bower, J.E., & Cole, S. (2014). Tai chi, cellular inflamma-
tion, and transcriptome dynamics in breast cancer survivors with
insomnia: a randomized controlled trial. Journal of the National
Cancer Institute Monographs, 2014(50), 295-301. https://doi.
org/10.1093/jncimonographs/lgu028

*Irwin, M. R., & Olmstead R. (2012). Mitigating cellular inflamma-
tion in older adults: a randomized controlled trial of tai chi chih.
The American Journal of Geriatric Psychiatry, 20(9), 764-772.
https://doi.org/10.1097/JGP.0b013e3182330fd3

Jacobs, T. L., Epel, E. S., Lin, J., Blackburn, E. H., Wolkowitz, O.
M., Bridwell, D. A., Zanesco, A. P., Aichele, S. R., Sahdra, B.
K., MacLean, K. A., King, B. G., Shaver, P. R., Rosenberg, E.
L., Ferrer, E., Wallace, B. A., & Saron, C. D. (2011). Intensive
meditation training, immune cell telomerase activity, and psycho-
logical mediators. Psychoneuroendocrinology, 36(5), 664—681.
https://doi.org/10.1016/j.psyneuen.2010.09.010

*Jam, S., Imani, A. H., Foroughi, M., Seyed, A. N. S., EMADI,
K. H., & Mohraz, M. (2010). The effects of mindfulness-
based stress reduction (MBSR) Program in Iranian HIV/AIDS
patients: A pilot study. Acta Medica Iranica, 48(2), 101-106

Janelsins, M. C., Davis, P. G., Wideman, L., Katula, J. A., Sprod,
L. K., Peppone, L. J., Palesh, O. G., Heckler, C. E., Williams,
J. P., Morrow, G. R., & Mustian, K. M. (2011). Effects of Tai
Chi Chuan on insulin and cytokine levels in a randomized con-
trolled pilot study on breast cancer survivors. Clinical Breast
Cancer, 11(3), 161-170. https://doi.org/10.1016/j.clbc.2011.
03.013

Kabat-Zinn, J. (2003). Mindfulness-based interventions in con-
text: Past, present, and future. Clinical Psychology:Science
and Practice, 10(2), 144—156. https://doi.org/10.1093/clipsy.
bpg016

Kabat-Zinn, J. (2015). Mindfulness. Mindfulness, 6(6), 1481-1483.
https://doi.org/10.1007/s12671-015-0456-x

Kelley, G. A., & Kelley, K. S. (2015). Meditative movement thera-
pies and health-related quality-of-life in adults: A systematic
review of meta-analyses. PloS One, 10(6), e0129181. https://
doi.org/10.1371/journal.pone.0129181

*Keng, S. L., Looi, P. S., Tan, E. L. Y., Yim, O. S., San Lai, P,
Chew, S. H., & Ebstein, R. P. (2020). Effects of mindfulness-
based stress reduction on psychological symptoms and tel-
omere length: a randomized active-controlled trial. Behavior
Therapy, 51(6), 984-996. https://doi.org/10.1016/j.beth.2020.
01.005

Khosravi, N., Stoner, L., Farajivafa, V., & Hanson, E. D. (2019).
Exercise training, circulating cytokine levels and immune func-
tion in cancer survivors: A meta-analysis. Brain, Behavior,
and Immunity, 81, 92—-104. https://doi.org/10.1016/j.bbi.2019.
08.187

Khoury, B., Sharma, M., Rush, S. E., & Fournier, C. (2015). Mind-
fulness-based stress reduction for healthy individuals: A meta-
analysis. Journal of Psychosomatic Research, 78(6), 519-528.
https://doi.org/10.1016/j.jpsychores.2015.03.009

Kiecolt-Glaser, J. K., McGuire, L., Robles, T. F., & Glaser, R.
(2002). Emotions, morbidity, and mortality: New perspec-
tives from psychoneuroimmunology. Annual Review of Psy-
chology, 53(1), 83—107. https://doi.org/10.1146/annurev.psych.
53.100901.135217

Kinser, P. A., & Robins, J. L. (2013). Control group design: Enhanc-
ing rigor in research of mind-body therapies for depression.
Evidence-Based Complementary and Alternative Medicine,
2013, 140467. https://doi.org/10.1155/2013/140467

Kwok, J. Y. Y., Choi, K. C., & Chan, H. Y. L. (2016). Effects of
mind-body exercises on the physiological and psychosocial
well-being of individuals with Parkinson’s disease: A system-
atic review and meta-analysis. Complementary Therapies in
Medicine, 29, 121-131. https://doi.org/10.1016/j.ctim.2016.
09.016

*Lavretsky, H., Alstein, L. L., Olmstead, R. E., Ercoli, L. M., Ripa-
retti-Brown, M., Cyr, N. S., & Irwin, M. R. (2011). Comple-
mentary use of tai chi chih augments escitalopram treatment of
geriatric depression: a randomized controlled trial. The Ameri-
can Journal of Geriatric Psychiatry, 19(10), 839-850. https://
doi.org/10.1097/JGP.0b013e31820ee9ef

*Lavretsky, H., Epel, E. S., Siddarth, P., Nazarian, N., Cyr, N. S.,
Khalsa, D. S, Lin, J., Blackburn, E., Irwin, M. R. (2013). A
pilot study of yogic meditation for family dementia caregivers
with depressive symptoms: effects on mental health, cogni-
tion, and telomerase activity. International Journal of Geriat-
ric Psychiatry, 28(1), 57-65. https://doi.org/10.1002/gps.3790

Lee, S. H., Hwang, S. M., Kang, D. H., & Yang, H. J. (2019). Brain
education-based meditation for patients with hypertension
and/or type 2 diabetes: A pilot randomized controlled trial.

@ Springer


https://doi.org/10.1007/s12160-012-9381-6
https://doi.org/10.1016/j.psychres.2017.01.006
https://doi.org/10.1016/j.psychres.2017.01.006
https://doi.org/10.2196/14273
https://doi.org/10.1177/1099800415617017
https://doi.org/10.1177/1099800415617017
https://doi.org/10.1007/s12671-017-0793-z
https://doi.org/10.1007/s12671-017-0793-z
https://doi.org/10.1589/jpts.26.1933
https://doi.org/10.1589/jpts.26.1933
https://doi.org/10.7326/M14-2385
https://doi.org/10.3233/JAD-180164
https://doi.org/10.3233/JAD-180164
https://doi.org/10.1006/brbi.2001.0654
https://doi.org/10.1093/jncimonographs/lgu028
https://doi.org/10.1093/jncimonographs/lgu028
https://doi.org/10.1097/JGP.0b013e3182330fd3
https://doi.org/10.1016/j.psyneuen.2010.09.010
https://doi.org/10.1016/j.clbc.2011.03.013
https://doi.org/10.1016/j.clbc.2011.03.013
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1007/s12671-015-0456-x
https://doi.org/10.1371/journal.pone.0129181
https://doi.org/10.1371/journal.pone.0129181
https://doi.org/10.1016/j.beth.2020.01.005
https://doi.org/10.1016/j.beth.2020.01.005
https://doi.org/10.1016/j.bbi.2019.08.187
https://doi.org/10.1016/j.bbi.2019.08.187
https://doi.org/10.1016/j.jpsychores.2015.03.009
https://doi.org/10.1146/annurev.psych.53.100901.135217
https://doi.org/10.1146/annurev.psych.53.100901.135217
https://doi.org/10.1155/2013/140467
https://doi.org/10.1016/j.ctim.2016.09.016
https://doi.org/10.1016/j.ctim.2016.09.016
https://doi.org/10.1097/JGP.0b013e31820ee9ef
https://doi.org/10.1097/JGP.0b013e31820ee9ef
https://doi.org/10.1002/gps.3790

Mindfulness

Medicine, 98, 1-12. https://doi.org/10.1097/MD.0000000000
015574

Lengacher, C. A., Kip, K. E., Post-White, J., Fitzgerald, S., Newton,
C., Barta, M., Jacobsen, P. B., Shelton, M. M., Moscoso, M.,
Johnson-Mallard, V., Harris, E., Loftus, L., Cox, C., Le, N.,
Goodman, M., Djeu, J., Widen, R. H., Bercu, B. B., & Klein,
T. W. (2012). Lymphocyte recovery after breast cancer treat-
ment and mindfulness-based stress reduction (MBSR) therapy.
Biological Research for Nursing, 15(1), 37-47. https://doi.org/
10.1177/1099800411419245

Lengacher, C. A., Kip, K. E., Post-white, J., Fitzgerald, S., Newton,
K., Barta, M., & Klein, T. W. (2013). Lymphocyte recovery
after breast cancer treatment and mindfulness-based stress
reduction (MBSR) therapy. Biological Research for Nursing,
15(1), 37-47.

*Lengacher, C. A., Reich, R. R., Kip, K. E., Barta, M., Ramesar,
S., Paterson, C. L., Moscoso, M. S., Carranza, 1., Budhrani, P.
H., Kim, S. J., Park, H. Y., Jacobsen, P. B., Schell, M. J., Jim,
H. S. L., Post-White, J., Farias, J. R., & Park, J. Y. (2014).
Influence of mindfulness-based stress reduction (MBSR) on
telomerase activity in women with breast cancer. Biological
Research for Nursing, 16(4), 438—447. https://doi.org/10.1177/
1099800413519495

Lengacher, C. A., Reich, R. R., Paterson, C. L., Shelton, M., Shivers,
S., Ramesar, S., et al. (2019). A large randomized trial: Effects
of mindfulness-based stress reduction (MBSR) for breast can-
cer (BC) survivors on salivary cortisol and IL-6. Biological
Research for Nursing, 21(1), 39-49. https://doi.org/10.1177/
1099800418789777

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. Sage.

Liu, T., Zhang, L., Joo, D., & Sun, S. C. (2017). NF-«B signaling
in inflammation. Signal Transduction and Targeted Therapy, 2,
17023. https://doi.org/10.1038/sigtrans.2017.23

Ludvigsson, J. F., Neovius, M., Ye, W., & Hammarstrom, L. (2015).
IgA deficiency and risk of cancer: a population based matched
cohort study. Journal of Clinical Immunology, 35, 182—188.
https://doi.org/10.1007/s10875-014-0124-2

Lutz, A., Slagter, H. A., Dunne, J. D., & Davidson, R. J. (2008). Atten-
tion regulation and monitoring in meditation. Trends in Cognitive
Sciences, 12(4), 163—1609. https://doi.org/10.1016/].tics.2008.01.
005

*MacDonald, L. A., & Minahan, C. L. (2018). Mindfulness training
attenuates the increase in salivary cortisol concentration associ-
ated with competition in highly trained wheelchair-basketball
players. Journal of Sports Sciences, 36(4), 378-383. https://doi.
org/10.1080/02640414.2017.1308001

*Malarkey, W.B., Jarjoura, D., & Klatt M. (2013). Workplace based
mindfulness practice and inflammation: a randomized trial.
Brain, Behavior, and Immunity, 27(1), 145-154. https://doi.org/
10.1016/j.bbi.2012.10.009

*Marciniak, R., §umec, R., Vyhnalek, M., Bendickova, K., Laznickova,
P., Forte, G., Jelenik, A., Rimalova, V., Fri&, J., Hort, J., & Shear-
dova, K. (2020). The effect of mindfulness-based stress reduction
(mbsr) on depression, cognition, and immunity in mild cognitive
impairment: A pilot feasibility study. Clinical Interventions in
Aging, 15, 1365-1381. https://doi.org/10.2147/CIA.S249196

Martin, F., & Chan, A. C. (2006). B cell immunobiology in disease:
Evolving concepts from the clinic. Annual Review Immuno-
0gy, 24,467-496. https://doi.org/10.1146/annurev.immunol.24.
021605.090517

Mauri, C., & Menon, M. (2017). Human regulatory B cells in health
and disease: Therapeutic potential. The Journal of Clinical Inves-
tigation, 127(3), 772-779. https://doi.org/10.1172/JCI85113

*McCarthy, L., Fuller, J., Davidson, G., Crump, A., Positano, S.,
& Alderman, C. (2017). Assessment of yoga as an adjuvant
treatment for combat-related posttraumatic stress disorder.

@ Springer

Australasian Psychiatry, 25(4), 354-357 .https://doi.org/10.1177/
1039856217695870

*Mclntyre, T. L., Elkonin, D., de Kooker, M., & Magidson, J. F.
(2018). The application of mindfulness for individuals living
with HIV in South Africa: a hybrid effectiveness-implementation
pilot study. Mindfulness, 9(3), 871-883. https://doi.org/10.1007/
s12671-017-0827-6

*Memon, A. A., Sundquist, K., Ahmad, A., Wang, X., Hedelius, A., &
Sundquist, J. (2017). Role of IL-8, CRP and epidermal growth
factor in depression and anxiety patients treated with mindful-
ness-based therapy or cognitive behavioral therapy in primary
health care. Psychiatry Research, 254, 311-316. https://doi.org/
10.1016/j.psychres.2017.05.012

*Meyer, J. D., Hayney, M. S., Coe, C. L., Ninos, C. L., & Barrett, B. P.
(2019). Difterential reduction of IP-10 and c-reactive protein via
aerobic exercise or mindfulness-based stress-reduction training in
a large randomized controlled trial. Journal of Sport and Exercise
Psychology, 41(2), 96-106. https://doi.org/10.1123/jsep.2018-0214

Miller, A. H., & Raison, C. L. (2016). The role of inflammation in
depression: from evolutionary imperative to modern treatment
target. Nature Reviews Immunology, 16(1), 22-34. https://doi.
org/10.1038/nri.2015.5

*Mirmahmoodi, M., Mangalian, P., Ahmadi, A., & Dehghan, M.
(2020). The effect of mindfulness-based stress reduction group
counseling on psychological and inflammatory responses of the
women with breast cancer. Integrative Cancer Therapies, 19,
1534735420946819. https://doi.org/10.1177/1534735420946819

Miura, H., Ozaki, N., Sawada, M., Isobe, K., Ohta, T., & Nagatsu,
T. (2008). A link between stress and depression: shifts in the
balance between the kynurenine and serotonin pathways of
tryptophan metabolism and the etiology and pathophysiology
of depression. Stress, 11(3), 198-209. https://doi.org/10.1080/
10253890701754068

Morgan, N., Irwin, M. R., Chung, M., & Wang, C. (2014). The effects
of mind-body therapies on the immune system: Meta-analysis.
PLoS ONE, 9(7), e100903. https://doi.org/10.1371/journal.pone.
0100903

Mundy-Bosse, B. L., Thornton, L. M., Yang, H. C., Andersen, B. L.,
& Carson, W. E. (2011). Psychological stress is associated with
altered levels of myeloid-derived suppressor cells in breast can-
cer patients. Cellular Immunology, 270(1), 80-87. https://doi.
org/10.1016/j.cellimm.2011.04.003

*Naoroibam, R., Metri, K.G., Bhargav, H., Nagaratna, R., & Nagendra,
H. R. (2016). Effect of integrated yoga (IY) on psychological
states and CD4 counts of HIV-1 infected patients: a randomized
controlled pilot study. International Journal of Yoga, 9(1),
57-61. https://doi.org/10.4103/0973-6131.171723

Nash, J. D., Newberg, A., & Awasthi, B. (2013). Toward a unifying
taxonomy and definition for meditation. Frontiers in Psychology,
4, 806. https://doi.org/10.3389/fpsyg.2013.00806

National Center for Complementary and Integrative Health (2016)
Objective 5: Disseminate objective evidence-based information
on complementary and integrative health interventions. NCCIH
2016 Strategic Plan, 29-31.

Nelson, B. H. (2010). CD20+ B cells: the other tumor-infiltrating
lymphocytes. The Journal of Immunology, 185(9), 4977-4982.
https://doi.org/10.4049/jimmunol.1001323

*Ng, Q. X., Peters, C., Ho, C., Lim, D. Y., & Yeo, W. S. (2018). A
meta-analysis of the use of probiotics to alleviate depressive
symptoms. Journal of Affective Disorders, 228, 13—19. https://
doi.org/10.1016/j.jad.2017.11.063

Ng, T. K. S, Fam, J., Feng, L., Cheah, I. K. M., Tan, C. T. Y., Nur, F.,
et al. (2020). Mindfulness improves inflammatory biomarker lev-
els in older adults with mild cognitive impairment: A randomized
controlled trial. Translational Psychiatry, 10(21). https://doi.org/
10.1038/541398-020-0696-y


https://doi.org/10.1097/MD.0000000000015574
https://doi.org/10.1097/MD.0000000000015574
https://doi.org/10.1177/1099800411419245
https://doi.org/10.1177/1099800411419245
https://doi.org/10.1177/1099800413519495
https://doi.org/10.1177/1099800413519495
https://doi.org/10.1177/1099800418789777
https://doi.org/10.1177/1099800418789777
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1007/s10875-014-0124-2
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1016/j.tics.2008.01.005
https://doi.org/10.1080/02640414.2017.1308001
https://doi.org/10.1080/02640414.2017.1308001
https://doi.org/10.1016/j.bbi.2012.10.009
https://doi.org/10.1016/j.bbi.2012.10.009
https://doi.org/10.2147/CIA.S249196
https://doi.org/10.1146/annurev.immunol.24.021605.090517
https://doi.org/10.1146/annurev.immunol.24.021605.090517
https://doi.org/10.1172/JCI85113
https://doi.org/10.1177/1039856217695870
https://doi.org/10.1177/1039856217695870
https://doi.org/10.1007/s12671-017-0827-6
https://doi.org/10.1007/s12671-017-0827-6
https://doi.org/10.1016/j.psychres.2017.05.012
https://doi.org/10.1016/j.psychres.2017.05.012
https://doi.org/10.1123/jsep.2018-0214
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1177/1534735420946819
https://doi.org/10.1080/10253890701754068
https://doi.org/10.1080/10253890701754068
https://doi.org/10.1371/journal.pone.0100903
https://doi.org/10.1371/journal.pone.0100903
https://doi.org/10.1016/j.cellimm.2011.04.003
https://doi.org/10.1016/j.cellimm.2011.04.003
https://doi.org/10.4103/0973-6131.171723
https://doi.org/10.3389/fpsyg.2013.00806
https://doi.org/10.4049/jimmunol.1001323
https://doi.org/10.1016/j.jad.2017.11.063
https://doi.org/10.1016/j.jad.2017.11.063
https://doi.org/10.1038/s41398-020-0696-y
https://doi.org/10.1038/s41398-020-0696-y

Mindfulness

*Nguyen, K. D. L., Lin, J., Algoe, S. B., Brantley, M. M., Kim, S. L.,
Brantley, J., Salzberg, S., & Fredrickson, B. L. (2019). Loving-
kindness meditation slows biological aging in novices: Evidence
from a 12-week randomized controlled trial. Psychoneuroendo-
crinology, 108, 20-27. https://doi.org/10.1016/j.psyneuen.2019.
05.020

*Nugent, N. R., Brick, L., Armey, M. F., Tyrka, A. R., Ridout, K. K.,
& Uebelacker, L. A. (2021). Benefits of yoga on IL-6: findings
from a randomized controlled trial of yoga for depression. Behav-
ioral Medicine, 47(1), 21-30. https://doi.org/10.1080/08964289.
2019.1604489

*Oh, B., Butow, P., Mullan, B., Clarke, S., Beale, P., Pavlakis, N.,
Kothe, E., Lam, L., Rosenthal, D. (2010). Impact of medical
Qigong on quality of life, fatigue, mood and inflammation in
cancer patients: a randomized controlled trial. Annals of Oncol-
ogy, 21(3), 608-614. https://doi.org/10.1093/annonc/mdp479

*QOh, B., Butow, P. N., Mullan, B. A., Clarke, S. J., Beale, P. J., Pav-
lakis, N., Lee, M. S., Rosenthal, D. S., Larkey, L., & Vardy, J.
(2012). Effect of medical Qigong on cognitive function, quality
of life, and a biomarker of inflammation in cancer patients: a
randomized controlled trial. Supportive Care in Cancer, 20(6),
1235-1242. https://doi.org/10.1007/s00520-011-1209-6

*QOken, B.S., Fonareva, 1., Haas, M., Wahbeh, H., Lane, J.B., Zajdel,
D., & Amen, A. (2010). Pilot controlled trial of mindfulness
meditation and education for dementia caregivers. The Journal
of Alternative and Complementary Medicine, 16(10), 1031-1038.
https://doi.org/10.1089/acm.2009.0733

*Qrnish, D., Lin, J., Daubenmier, J., Weidner, G., Epel, E., Kemp,
C., Magbanua, J. M., Marlin, R., Yglecias, L., Carroll, P. R.,
& Blackburn, E. H. (2008). Increased telomerase activity and
comprehensive lifestyle changes: a pilot study. The Lancet Oncol-
0gy, 9(11), 1048-1057. https://doi.org/10.1016/S1470-2045(08)
70234-1

Orwin, R. G. (1983). A fail-safe N for effect size in meta-analysis.
Journal of Educational Statistics, 8(2), 157-159. https://doi.org/
10.2307/1164923

*Pace, T. W., Negi, L. T., Adame, D. D., Cole, S. P., Sivilli, T. L.,
Brown, T. D., Issa, M. J., & Raison, C. L. (2009). Effect of
compassion meditation on neuroendocrine, innate immune and
behavioral responses to psychosocial stress. Psychoneuroen-
docrinology, 34(1), 87-98. https://doi.org/10.1016/j.psyneuen.
2008.08.011

Padget, D. A., & Glaser, R. (2003). How stress influences the immune
system. Trends in Immunology, 24(8), 444—448. https://doi.org/
10.1016/S1471-4906(03)00173-X

Page, M. J., Sterne, J. A., Higgins, J. P., & Egger, M. (2021). Investigat-
ing and dealing with publication bias and other reporting biases
in meta-analyses of health research: A review. Research Synthesis
Methods, 12(2), 248-259. https://doi.org/10.1002/jrsm.1468

Pascoe, M. C., Thompson, D. R., & Ski, C. F. (2017a). Yoga, mind-
fulness-based stress reduction and stress-related physiological
measures: A meta-analysis. Psychoneuroendocrinology, 86,
152-168. https://doi.org/10.1016/j.psyneuen.2017.08.008

Pascoe, M. C., Thompson, D. R., Jenkins, Z. M., & Ski, C. F. (2017b).
Mindfulness mediates the physiological markers of stress:
Systematic review and meta-analysis. Journal of Psychiatric
Research, 95, 156-178. https://doi.org/10.1016/j.jpsychires.
2017.08.004

Park, E. J., Lee, J. H,, Yu, G. Y., He, G., Ali, S. R., Holzer, R. G., et al.
(2010). Dietary and genetic obesity promote liver inflammation
and tumorigenesis by enhancing IL-6 and TNF expression. Cell,
140(2), 197-208. https://doi.org/10.1016/j.cell.2009.12.052

*Park, J. S., & Oh, Y. J. (2012). Development and evaluation of the
psychosocial distress nursing intervention for patients with
gynecological cancer. Korean Journal of Adult Nursing, 24(3),
219-231. https://doi.org/10.7475/kjan.2012.24.3.219

Perez, E. E., Orange, J. S., Bonilla, F., Chinen, J., Chinn, I. K., Dorsey,
M., El-Gamal, Y., Harville, T. O., Hossny, E., Mazer, B., Nelson,
R., Secord, E., Jordan, S. C., Stiehm, E. R., Vo, A. A., & Bal-
low, M. (2017). Update on the use of immunoglobulin in human
disease: a review of evidence. Journal of Allergy and Clinical
Immunology, 139(3), S1-S46. https://doi.org/10.1016/j.jaci.2016.
09.023

Phillips, A. N., & Lundgren, J. D. (2006). The CD4 lymphocyte count
and risk of clinical progression. Current Opinion in HIV and
AIDS, 1(1), 43—49. https://doi.org/10.1097/01.COH.0000194106.
12816.b1

Pierce, B. L., Ballard-Barbash, R., Bernstein, L., Baumgartner, R.
N., Neuhouser, M. L., Wener, M. H., & Ulrich, C. M. (2009).
Elevated biomarkers of inflammation are associated with reduced
survival among breast cancer patients. Journal of Clinical Oncol-
ogy, 27(21), 3437-3444. https://doi.org/10.1200/JC0O.2008.18.
9068

Powell, N. D., Tarr, A.J., & Sheridan, J. F. (2013). Psychosocial stress
and inflammation in cancer. Brain, Behavior, and Immunity, 30,
S41-S47. https://doi.org/10.1016/j.bbi.2012.06.015

*Prakhinkit, S., Suppapitiporn, S., Tanaka, H., & Suksom, D. (2014).
Effects of Buddhism walking meditation on depression, func-
tional fitness, and endothelium-dependent vasodilation in
depressed elderly. The Journal of Alternative and Complemen-
tary Medicine, 20(5), 411-416. https://doi.org/10.1089/acm.
2013.0205

*Puhlmann, L. M., Engert, V., Apostolakou, F., Papassotiriou, I.,
Chrousos, G. P., Vrticka, P., & Singer, T. (2019). Only vulnerable
adults show change in chronic low-grade inflammation after con-
templative mental training: evidence from a randomized clini-
cal trial. Scientific Reports, 9(1), 1-12. https://doi.org/10.1038/
s41598-019-55250-3

*Pullen, P. R., Nagamia, S. H., Mehta, P. K., Thompson, W. R., Benar-
dot, D., Hammoud, R., Parrott, J. M., Sola, S., & Khan, B. V.
(2008). Effects of yoga on inflammation and exercise capacity in
patients with chronic heart failure. Journal of Cardiac Failure,
14(5), 407—413. https://doi.org/10.1016/j.cardfail.2007.12.007

*Pullen, P. R., Thompson, W. R., Benardot, D., Brandon, L. J., Mehta,
P. K., Rifai, L., Vadnais, D. S., Parrott, J. M., & Khan, B. V.
(2010). Benefits of yoga for African American heart failure
patients. Medicine and Science in Sports and Exercise, 42(4),
651-657. https://doi.org/10.1249/MSS.0b013e3181bf24c4

*Rao, K. S., Chakraharti, S. K., Dongare, V. S., Chetana, K., Ramirez,
C.M,, Koka, P. S., & Deb, K. D. (2015). Antiaging effects of an
intensive mind and body therapeutic program through enhance-
ment of telomerase activity and adult stem cell counts. Journal
of Stem Cells, 10(2), 107-125. https://doi.org/10.4236/aar.2015.
43011

*Rao, R. M., Vadiraja, H. S., Nagaratna, R., Gopinath, K. S., Patil,
S., Diwakar, R. B., Shahsidhara, H. P., Ajaikumar, B. S., &
Nagendra, H. R. (2017). Effect of yoga on sleep quality and
neuroendocrine immune response in metastatic breast cancer
patients. Indian Journal of Palliative Care, 23(3), 253-260.
https://doi.org/10.4103/IJPC.IJPC_102_17

*Reich, R. R., Lengacher, C. A., Klein, T. W., Newton, C., Shivers,
S., Ramesar, S., Alinat, C. B., Paterson, C., Le, A., Park, J. Y.,
Johnson-Mallard, V., Elias, M., Moscoso, M., Goodman, M., &
Kip, K. E. (2017). A randomized controlled trial of the effects
of mindfulness-based stress reduction (MBSR[BC]) on levels of
inflammatory biomarkers among recovering breast cancer survi-
vors. Biological Research for Nursing, 19(4), 456—464. https://
doi.org/10.1177/1099800417707268

Ridker, P. M. (2002). Inflammatory biomarkers, statins, and the risk
of stroke: cracking a clinical conundrum. Circulation, 105(22),
2583-2585. https://doi.org/10.1161/01.CIR.0000017822.82512.
62

@ Springer


https://doi.org/10.1016/j.psyneuen.2019.05.020
https://doi.org/10.1016/j.psyneuen.2019.05.020
https://doi.org/10.1080/08964289.2019.1604489
https://doi.org/10.1080/08964289.2019.1604489
https://doi.org/10.1093/annonc/mdp479
https://doi.org/10.1007/s00520-011-1209-6
https://doi.org/10.1089/acm.2009.0733
https://doi.org/10.1016/S1470-2045(08)70234-1
https://doi.org/10.1016/S1470-2045(08)70234-1
https://doi.org/10.2307/1164923
https://doi.org/10.2307/1164923
https://doi.org/10.1016/j.psyneuen.2008.08.011
https://doi.org/10.1016/j.psyneuen.2008.08.011
https://doi.org/10.1016/S1471-4906(03)00173-X
https://doi.org/10.1016/S1471-4906(03)00173-X
https://doi.org/10.1002/jrsm.1468
https://doi.org/10.1016/j.psyneuen.2017.08.008
https://doi.org/10.1016/j.jpsychires.2017.08.004
https://doi.org/10.1016/j.jpsychires.2017.08.004
https://doi.org/10.1016/j.cell.2009.12.052
https://doi.org/10.7475/kjan.2012.24.3.219
https://doi.org/10.1016/j.jaci.2016.09.023
https://doi.org/10.1016/j.jaci.2016.09.023
https://doi.org/10.1097/01.COH.0000194106.12816.b1
https://doi.org/10.1097/01.COH.0000194106.12816.b1
https://doi.org/10.1200/JCO.2008.18.9068
https://doi.org/10.1200/JCO.2008.18.9068
https://doi.org/10.1016/j.bbi.2012.06.015
https://doi.org/10.1089/acm.2013.0205
https://doi.org/10.1089/acm.2013.0205
https://doi.org/10.1038/s41598-019-55250-3
https://doi.org/10.1038/s41598-019-55250-3
https://doi.org/10.1016/j.cardfail.2007.12.007
https://doi.org/10.1249/MSS.0b013e3181bf24c4
https://doi.org/10.4236/aar.2015.43011
https://doi.org/10.4236/aar.2015.43011
https://doi.org/10.4103/IJPC.IJPC_102_17
https://doi.org/10.1177/1099800417707268
https://doi.org/10.1177/1099800417707268
https://doi.org/10.1161/01.CIR.0000017822.82512.62
https://doi.org/10.1161/01.CIR.0000017822.82512.62

Mindfulness

*Robinson, F. P., Mathews, H. L., & Witek-Janusek, L. (2003). Psycho-
endocrine-immune response to mindfulness-based stress reduc-
tion in individuals infected with the human immunodeficiency
virus: a quasiexperimental study. The Journal of Alternative &
Complementary Medicine, 9(5), 683-694. https://doi.org/10.
1089/107555303322524535

*Rodriguez Pefia, F. M. R., Manzaneque, J. M., Vera, F., Godoy,
Y. A., Ramos, N. S., & Mena, M. J. B. (2014). Valoracion de
parametros inmunitarios en pacientes con sintomas de ansiedad
y depresion tras un programa de meditacion "Mindfulness": un
estudio piloto. Ansiedad y estrés, 20, 1-10.

Rosenkranz, M. A., Davidson, R. J., MacCoon, D. G., Sheridan, J. F.,
Kalin, N. H., & Lutz, A. (2013). A comparison of mindfulness-
based stress reduction and an active control in modulation of
neurogenic inflammation. Brain, Behavior, and Immunity, 27,
174-184. https://doi.org/10.1016/j.bbi.2012.10.013

*Rosenkranz, M. A., Dunne, J. D., & Davidson, R. J. (2019). The next
generation of mindfulness-based intervention research: what
have we learned and where are we headed?. Current Opinion
in Psychology, 28, 179-183. https://doi.org/10.1016/j.copsyc.
2018.12.022

Salgado, R., Junius, S., Benoy, I., Van Dam, P., Vermeulen, P., Van
Marck, E., et al. (2003). Circulating interleukin-6 predicts sur-
vival in patients with metastatic breast cancer. International
Journal of Cancer, 103(5), 642—646. https://doi.org/10.1002/
ijc.10833

*Sanabria-Mazo, J. P., Montero-Marin, J., Feliu-Soler, A., Gasion,
V., Navarro-Gil, M., Morillo-Sarto, H., Colomer-Carbonell,
A., Borras, X., Luciano, J. V., & Garcia-Campayo, J. (2020).
Mindfulness-based program plus amygdala and insula retraining
(MAIR) for the treatment of women with fibromyalgia: A pilot
randomized controlled trial. Journal of Clinical Medicine, 9(10),
3246. https://doi.org/10.3390/jcm9103246

*Sarenmalm, K. E., Martensson, L. B., Andersson, B. A., Karlsson,
P., & Bergh, 1. (2017). Mindfulness and its efficacy for psycho-
logical and biological responses in women with breast cancer.
Cancer Medicine, 6(5), 1108-1122. https://doi.org/10.1002/
cam4.1052

Sauer-Zavala, S. E., Walsh, E. C., Eisenlohr-Moul, T. A., & Lykins, E.
L. (2013). Comparing mindfulness-based intervention strategies:
Differential effects of sitting meditation, body scan, and mind-
ful yoga. Mindfulness, 4(4), 383-388. https://doi.org/10.1007/
s12671-012-0139-9

Schutte, N. S., Malouff, J. M., & Keng, S. L. (2020). Meditation and
telomere length: A meta-analysis. Psychology & Health, 35(8),
901-915. https://doi.org/10.1080/08870446.2019.1707827

*Seyed Alinaghi, S., Jam, S., Foroughi, M., Imani, A., Mohraz, M.,
Djavid, G. E., & Black, D. S. (2012). Randomized controlled trial
of mindfulness-based stress reduction delivered to human immu-
nodeficiency virus-positive patients in Iran: effects on CD4(+)
T lymphocyte count and medical and psychological symptoms.
Psychosomatic Medicine, 74(6), 620—627. https://doi.org/10.
1097/PSY.0b013e31825abfaa

*Sharma, P., Poojary, G., Dwivedi, S. N., & Deepak, K. K. (2015).
Effect of yoga-based intervention in patients with inflammatory
bowel disease. International Journal of Yoga Therapy, 25(1),
101-112. https://doi.org/10.17761/1531-2054-25.1.101

*Shields, G. S., Moons, W. G., & Slavich, G. M. (2017). Inflamma-
tion, self-regulation, and health: An immunologic model of self-
regulatory failure. Perspectives on Psychological Science, 12(4),
588-612. https://doi.org/10.1177/1745691616689091

Shields, G. S., Skwara, A. C., King, B. G., Zanesco, A. P., Dhabhar, F.
S., & Saron, C. D. (2020). Deconstructing the effects of concen-
tration meditation practice on interference control: The roles of
controlled attention and inflammatory activity. Brain, Behavior,

@ Springer

and Immunity, 89, 256-267. https://doi.org/10.1016/j.bbi.2020.
06.034

*Smith, B. W., Shelley, B. M., Sloan, A. L., Colleran, K., & Erick-
son, K. (2018). A preliminary randomized controlled trial
of a mindful eating intervention for post-menopausal obese
women. Mindfulness, 9(3), 836-849. https://doi.org/10.1007/
s12671-017-0824-9

*Sohl, S. J., Danhauer, S. C., Birdee, G. S., Nicklas, B. J., Yacoub,
G., Aklilu, M., & Avis, N. E. (2016). A brief yoga intervention
implemented during chemotherapy: A randomized controlled
pilot study. Complementary Therapies in Medicine, 25, 139-142.
https://doi.org/10.1016/j.ctim.2016.02.003

Sprod, L. K., Janelsins, M. C., Palesh, O. G., Carroll, J. K., Heckler, C.
E., Peppone, L. J., & Mustian, K. M. (2012). Health-related qual-
ity of life and biomarkers in breast cancer survivors participating
in Tai Chi Chuan. Journal of Cancer Survivorship, 6, 146—154.
https://doi.org/10.1007/s11764-011-0205-7

Strohmaier, S. (2020). The relationship between doses of mindfulness-
based programs and depression, anxiety, stress, and mindfulness:
A dose-response meta-regression of randomized controlled
trials. Mindfulness, 11, 1315-1335. https://doi.org/10.1007/
s12671-020-01319-4

Taylor, D. N. (1995). Effects of a behavioral stress-management pro-
gram on anxiety, mood, self-esteem and T-cell count in HIV-
positive men. Psychological Reports, 76, 451457. https://doi.org/
10.2466/pr0.1995.76.2.451

*Taylor, A. G., Goehler, L. E., Galper, D. L., Innes, K. E., & Bour-
guignon, C. (2010). Top-down and bottom-up mechanisms in
mind-body medicine: development of an integrative framework
for psychophysiological research. Explore, 6(1), 29-41. https://
doi.org/10.1016/j.explore.2009.10.004

*Tenfelde, S., Tell, D., Garfield, L., Mathews, H., & Janusek, L. (2019).
Yoga for women with urgency urinary incontinence: a pilot study.
Female Pelvic Medicine and Reconstructive Surgery, 27(1),
57-62. https://doi.org/10.1097/SPV.0000000000000723

*Thokchom, S. K., Gulati, K., Ray, A., & Menon, B. K. (2018). Effects
of yogic intervention on pulmonary functions and health status
in patients of COPD and the possible mechanisms. Complemen-
tary Therapies in Clinical Practice, 33,20-26. https://doi.org/10.
1016/j.ctcp.2018.07.008

*Tolahunase, M., Sagar, R., & Dada, R. (2017). Impact of yoga and
meditation on cellular aging in apparently healthy individuals: a
prospective, open-label single-arm exploratory study. Oxidative
Medicine and Cellular Longevity, 2017, 71928981. https://doi.org/
10.1155/2017/7928981

*Tolahunase, M. R., Sagar, R., Faiq, M., & Dada, R. (2018). Yoga-and
meditation-based lifestyle intervention increases neuroplasticity
and reduces severity of major depressive disorder: A randomized
controlled trial. Restorative Neurology and Neuroscience, 36(3),
423-442. https://doi.org/10.3233/RNN-170810

Trikalinos, T. A., & Ioannidis, J. P. (2005). Assessing the evolution
of effect sizes over time. In Publication bias in meta-analysis:
Prevention, Assessment and Adjustments (pp. 241-259). https://
doi.org/10.1002/0470870168.ch13

*Turner, L., Galante, J., Vainre, M., Stochl, J., Dufour, G., & Jones,
P. B. (2020). Immune dysregulation among students exposed to
exam stress and its mitigation by mindfulness training: findings
from an exploratory randomised trial. Scientific Reports, 10(1),
5812. https://doi.org/10.1038/s41598-020-62274-7

*Villalba, D. K., Lindsay, E. K., Marsland, A. L., Greco, C. M., Young,
S., Brown, K. W., Smyth, J. M., Walsh, C. P., Gray, K., Chin, B.,
& Creswell, J. D. (2019). Mindfulness training and systemic low-
grade inflammation in stressed community adults: Evidence from
two randomized controlled trials. PLoS ONE, 14(7), €0219120.
https://doi.org/10.1371/journal.pone.0219120


https://doi.org/10.1089/107555303322524535
https://doi.org/10.1089/107555303322524535
https://doi.org/10.1016/j.bbi.2012.10.013
https://doi.org/10.1016/j.copsyc.2018.12.022
https://doi.org/10.1016/j.copsyc.2018.12.022
https://doi.org/10.1002/ijc.10833
https://doi.org/10.1002/ijc.10833
https://doi.org/10.3390/jcm9103246
https://doi.org/10.1002/cam4.1052
https://doi.org/10.1002/cam4.1052
https://doi.org/10.1007/s12671-012-0139-9
https://doi.org/10.1007/s12671-012-0139-9
https://doi.org/10.1080/08870446.2019.1707827
https://doi.org/10.1097/PSY.0b013e31825abfaa
https://doi.org/10.1097/PSY.0b013e31825abfaa
https://doi.org/10.17761/1531-2054-25.1.101
https://doi.org/10.1177/1745691616689091
https://doi.org/10.1016/j.bbi.2020.06.034
https://doi.org/10.1016/j.bbi.2020.06.034
https://doi.org/10.1007/s12671-017-0824-9
https://doi.org/10.1007/s12671-017-0824-9
https://doi.org/10.1016/j.ctim.2016.02.003
https://doi.org/10.1007/s11764-011-0205-7
https://doi.org/10.1007/s12671-020-01319-4
https://doi.org/10.1007/s12671-020-01319-4
https://doi.org/10.2466/pr0.1995.76.2.451
https://doi.org/10.2466/pr0.1995.76.2.451
https://doi.org/10.1016/j.explore.2009.10.004
https://doi.org/10.1016/j.explore.2009.10.004
https://doi.org/10.1097/SPV.0000000000000723
https://doi.org/10.1016/j.ctcp.2018.07.008
https://doi.org/10.1016/j.ctcp.2018.07.008
https://doi.org/10.1155/2017/7928981
https://doi.org/10.1155/2017/7928981
https://doi.org/10.3233/RNN-170810
https://doi.org/10.1002/0470870168.ch13
https://doi.org/10.1002/0470870168.ch13
https://doi.org/10.1038/s41598-020-62274-7
https://doi.org/10.1371/journal.pone.0219120

Mindfulness

*Walsh, E., Eisenlohr-Moul, T., & Baer, R. (2016). Brief mindfulness
training reduces salivary IL-6 and TNF-alpha in young women
with depressive symptomatology. Journal of Consulting and
Clinical Psychology, 84(10), 887-897. https://doi.org/10.1037/
ccp0000122

*Wang, X., Sundquist, K., Hedelius, A., Palmér, K., Memon, A. A., &
Sundquist, J. (2017). Leukocyte telomere length and depression,
anxiety and stress and adjustment disorders in primary health
care patients. BMC Psychiatry, 17(1), 148. https://doi.org/10.
1186/512888-017-1308-0

*Webb, L., Perry-Parrish, C., Ellen, J., & Sibinga, E. (2018). Mindful-
ness instruction for HIV-infected youth: a randomized controlled
trial. AIDS Care, 30(6), 688—695. https://doi.org/10.1080/09540
121.2017.1394434

*Wetherell, J. L., Ripperger, H. S., Voegtle, M., Ances, B. M., Balota,
D., Bower, E. S., Depp, C., Eyler, L., Foster, E. R., Head, D.,
Hershey, T., Hickman, S., Kamantigue, N., Klein, S., Miller, J.
P, Yingling, M. D., Nichols, G. E., Patterson, B. W., Rodebaugh,
T. L., ... MEDEX Research Group. (2020). Mindfulness, educa-
tion, and exercise for age-related cognitive decline: Study proto-
col, pilot study results, and description of the baseline sample.
Clinical Trials, 17(5), 581-594. https://doi.org/10.1177/17407
74520931864

*Wirth, M. D., Franco, R., Robb, S. W., Daniels, K., Susko, K., Hud-
son, M. F., & O’Rourke, M. A. (2019). Randomized controlled
trial of a 4-week mindfulness intervention among cancer survi-
vors compared to a breathing control. Cancer Invest, 37(4-5),
227-232. https://doi.org/10.1080/07357907.2019.1610968

*Witek-Janusek, L., Tell, D., & Mathews, H. L. (2019). Mindful-
ness based stress reduction provides psychological benefit and
restores immune function of women newly diagnosed with
breast cancer: a randomized trial with active control. Brain,
Behavior, and Immunity, 80, 358-373. https://doi.org/10.
1016/j.bbi.2019.04

*Yadav, R. K., Magan, D., Mehta, N., Sharma, R., & Mahapatra, S. C.
(2012). Efficacy of a short-term yoga-based lifestyle interven-
tion in reducing stress and inflammation: preliminary results.
The Journal of Alternative and Complementary Medicine, 18(7),
662-667. https://doi.org/10.1089/acm.2011.0265

Yaribeygi, H., Panahi, Y., Sahraei, H., Johnston, T. P., & Sahebkar,
A. (2017). The impact of stress on body function: A review.

Experimental and Clinical Sciences Journal, 16, 1057-1072.
https://doi.org/10.17179/excli2017-480

Younge, J. O., Gotink, R. A., Baena, C. P., Roos-Hesselink, J. W., &
Hunink, M. M. (2015). Mind-body practices for patients with
cardiac disease: A systematic review and meta-analysis. Euro-
pean Journal of Preventive Cardiology, 22(11), 1385-1398.
https://doi.org/10.1177/2047487314549927

*Zautra, A. J., Davis, M. C., Reich, J. W., Nicassario, P., Tennen, H.,
Finan, P, Kratz, A., Parrish, B., & Irwin, M. R. (2008). Compari-
son of cognitive behavioral and mindfulness meditation interven-
tions on adaptation to rheumatoid arthritis for patients with and
without history of recurrent depression. Journal of Consulting
and Clinical Psychology, 76(3), 408—421. https://doi.org/10.
1037/0022-006X.76.3.408

*Zgierska, A. E., Burzinski, C. A., Mundt, M. P., McClintock, A. S.,
Cox, J., Coe, C. L., Miller, M. M., & Fleming, M. F. (2019).
Mindfulness-based relapse prevention for alcohol dependence:
findings from a randomized controlled trial. Journal of Substance
Abuse Treatment, 100, 8-17. https://doi.org/10.1016/j.jsat.2019.
01.013

*Zgierska, A. E., Burzinski, C. A., Cox, J., Kloke, J., Stegner, A.,
Cook, D. B, Singles, J., Mirgain, S., Coe, C. L., & Backonja, M.
(2016). Mindfulness meditation and cognitive behavioral ther-
apy intervention reduces pain severity and sensitivity in opioid-
treated chronic low back pain: pilot findings from a randomized
controlled trial. Pain Medicine, 17(10), 1865-1881. https://doi.
org/10.1093/pm/pnw006

Zhang,J. Y., Zhou, Y. Q., Feng, Z. W., Fan, Y. N., Zeng, G. C., & Wei,
L. (2017). Randomized controlled trial of mindfulness-based
stress reduction (MBSR) on posttraumatic growth of Chinese
breast cancer survivors. Psychology, Health & Medicine, 22(1),
94-109.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1037/ccp0000122
https://doi.org/10.1037/ccp0000122
https://doi.org/10.1186/s12888-017-1308-0
https://doi.org/10.1186/s12888-017-1308-0
https://doi.org/10.1080/09540121.2017.1394434
https://doi.org/10.1080/09540121.2017.1394434
https://doi.org/10.1177/1740774520931864
https://doi.org/10.1177/1740774520931864
https://doi.org/10.1080/07357907.2019.1610968
https://doi.org/10.1016/j.bbi.2019.04
https://doi.org/10.1016/j.bbi.2019.04
https://doi.org/10.1089/acm.2011.0265
https://doi.org/10.17179/excli2017-480
https://doi.org/10.1177/2047487314549927
https://doi.org/10.1037/0022-006X.76.3.408
https://doi.org/10.1037/0022-006X.76.3.408
https://doi.org/10.1016/j.jsat.2019.01.013
https://doi.org/10.1016/j.jsat.2019.01.013
https://doi.org/10.1093/pm/pnw006
https://doi.org/10.1093/pm/pnw006

	The Influence of Meditative Interventions on Immune Functioning: A Meta-Analysis
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 
	Preregistration 

	Method
	Search Strategy and Study Selection
	Data Coding and Extraction
	Data Analyses

	Results
	Assessments of Bias
	Overall Effect Sizes
	Meta-Analytic Comparisons Regarding Control Groups
	Moderators of the Effect of Meditative Interventions
	Categories of Immune Function
	Single-Level Biomarkers

	Discussion
	Theoretical Moderators
	Methodological Moderators
	Immune Categories and Single-Level Biomarkers

	Limitations and Future Directions
	Anchor 24
	References


