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Abstract

Objectives Dispositional mindfulness has been associated with improved emotional regulation, reduced stress, and increased
well-being. Interventions aiming at developing dispositional mindfulness are thus promising non-invasive, early interventions
for youth at risk for psychiatric disorders. However, little is known about the neural correlates of dispositional mindfulness
in adolescents although this could inform response to preventive interventions in youth. This systematic review identified
and synthesized existing literature on the functional MRI correlates of dispositional mindfulness in adolescents, to guide
and pave the way for interventional studies.

Method This systematic review included observational studies investigating resting-state or task-based fMRI correlates of
mindfulness traits in participants aged between 6 and 25 years, following Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Four databases were searched up to October 2023, and narrative synthesis of the
extracted results was conducted.

Results The 7 included studies (out of the 2348 screened) had one task-based and six resting state analyses. We focused on
reporting resting state studies, where neural correlates of dispositional mindfulness were found in various brain regions,
including the frontal cortex, the insula, the thalamus. It was also related to transitions between brain states. These findings
suggest that dispositional mindfulness may be associated to underlying processes such as attention, emotion regulation and
mind wandering.

Conclusions Due to the low number of papers, it is difficult to reach a conclusion. Given the need to further investigate the
neural correlates of dispositional mindfulness in adolescents to understand the positive behavioral outcomes that are associ-
ated with mindfulness, we suggest caveats and perspectives for future studies.

Preregistration This systematic review is not preregistered.

Keywords Mindfulness Trait - Dispositional Mindfulness - Functional Magnetic Resonance Imaging - Youth - Systematic
Review

Adolescence is a developmental period with many psycho-
logical, biological, and socio-behavioral changes (Coleman
& Hendry, 1999). It is described as a transition from child-
hood to adulthood, starting with puberty, extending through
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the second decade of human life until the end of brain matu-
ration around mid-twenties (Arain et al., 2013; Dahl, 2004;
Spear, 2000). Being a period of vulnerability and shaping
of the stress response, it can lead to the emergence of many
psychiatric disorders (Casey et al., 2008; Kessler et al.,
2005; Paus et al., 2008). In a recent large global meta-anal-
ysis, the peak age of any mental disorder was shown to be
14.5 years, where a third of the individuals had the onset of
the first mental disorder before the age of 14, and more than
half of them by the age of 25 (Solmi et al., 2022). Therefore,
research aiming at enhancing resilience factors, finding pro-
tective measures, early detection and early interventions is
especially critical for this age range.
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Mindfulness-based interventions have become increas-
ingly applied in medicine and psychology for psychiatric
and physical disorders (such as review for MBI effects on
anxiety and depression: Hofmann & G6émez, 2017; chronic
pain: Majeed et al., 2018; addiction: Rosenthal et al., 2021).
Their effectiveness is also investigated in school settings for
youth (Fulambarkar et al., 2023; Kuyken et al., 2022). In
parallel, the quantification of the construct of mindfulness
has gained interest (Grossman, 2008). A growing number of
studies have conceptualized mindfulness as a dispositional
characteristic that varies naturally among individuals even
without a mindfulness practice and reflects the ability to
self-regulate, cultivating self-awareness and positive emo-
tional states (Brown & Ryan, 2003). Dispositional mindful-
ness has been shown to increase with mindfulness-based
interventions in adults (Tortella-Feliu et al., 2020), and indi-
viduals with higher scores before the training seem to benefit
from it even one year later, compared to those with lower
scores (Shapiro et al., 2011). However, there is also evidence
that mindfulness trait increases with active control condi-
tions and is not specific to mindfulness training (Goldberg
et al., 2016; Kral et al., 2022), in addition there are reports
of mindfulness trait measures having no association with the
amount of meditation practice in adults (Manuel et al., 2017)
or in late teens (MacKillop & Anderson, 2007).

Mindfulness as a dispositional trait can be measured by
different questionnaires for adults, with some modified ver-
sions for adolescents (Pallozzi et al., 2017). They each have
their advantages and disadvantages (Bergomi et al., 2013).
For example, Mindful Attention Awareness Scale (MAAS)
measures a single facet of mindfulness: the presence or
absence of attention to the present moment (Brown & Ryan,
2003; MacKillop & Anderson, 2007), with an adapted ver-
sion for adolescents (MAAS-A; Brown et al., 2011). The
Kentucky Inventory of Mindfulness Skills (KIMS; Baer
et al., 2004) and Freiburg Mindfulness Inventory (FMI;
Walach et al., 2006), on the other hand, measure multiple
facets of mindfulness, which are distinctly presented in
KIMS and are overlapping in FMI (Bergomi et al., 2013).
The Five Facet Mindfulness Questionnaire (FFMQ; Baer
et al., 2006) is the most elaborate measure of mindfulness,
and includes one more factor than KIMS (non-reactivity,
observing, acting with awareness, describing, nonjudge-
ment). Adapted from KIMS, the Child and Adolescent
Mindfulness Measure (CAMM) is multifaceted and meas-
ures observing thoughts and feelings, acting with awareness
and accepting without judgement, but does not separate
them into sub-scores (Greco et al., 2011). This heterogene-
ity in measure might explain the non-conclusive results so
far in adults.

Dispositional mindfulness has been linked to many posi-
tive psychological traits in youth. In children and adoles-
cents, higher dispositional mindfulness is associated with
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less negative emotional states (Mestre et al., 2019). In ado-
lescents, it is influenced both by genetic and non-shared
environmental factors as shown in twins (Waszczuk et al.,
2015) and parental factors, where mindful parents help their
children develop higher levels of mindfulness (Moreira
et al., 2018). It has protective effects against mobile phone
addiction (Liu et al., 2023) and lower levels have been linked
to problematic social media use (Meynadier et al., 2023). In
university students, dispositional mindfulness is positively
correlated with self-related health, self-regulated behavior,
executive function performance and well-being (Lyvers
et al., 2014; Zimmaro et al., 2016) and negatively associ-
ated with depression scores and negative mood (Brown &
Ryan, 2003; Wang et al., 2017). In response to social stress,
high scores have been shown to predict lower cortisol in
undergraduates (Brown et al., 2012). The opposite rela-
tionship was found in adolescents, higher scores predicted
higher cortisol level, even though there was reduced emo-
tional and cardiovascular responses (Lucas-Thompson et al.,
2019). Among college students, dispositional mindfulness
has a negative correlation with physical aggressiveness (Gao
et al., 2016). In addition, increased dispositional mindful-
ness is linked to engaging in protective behavioral strate-
gies leading to a decrease in alcohol related consequences
(Brett et al., 2017) and a decrease in emotional reactivity,
where mindfulness mediates the relationship between state
rumination and state anger in undergraduates (Borders &
Lu, 2017). Therefore, trait mindfulness seems in general
associated with positive outcomes for mental well-being
in adolescents, however its relationship with physiological
stress reactivity is not clear.

At the neural pathways level, there has been discussion on
whether trait mindfulness and mindfulness-based interven-
tions represent the same construct (Davidson, 2010). Struc-
turally, higher dispositional mindfulness has been associated
with decreased gray matter volume in the right amygdala
and left caudate (Taren et al., 2013). In parallel, mindful-
ness-based interventions have been shown to reduce gray
matter volume in the right amygdala, which correlated with
a decrease of perceived stress (Holzel et al., 2010) and con-
trastingly with increased gray matter volume in the left cau-
date (Farb et al., 2013). However, these structural changes
with mindfulness interventions have failed replication in a
recent large randomized control trial where no structural
changes were found (Kral et al., 2022). Functionally, trait
mindfulness correlates negatively with right insula activity
while expecting negative pictures using mindful instructions,
indicative of the use of less resources to reduce emotional
arousal in adults (Lutz et al., 2014). A similar outcome is
observed after intervention on emotional face processing in
young adults (Johnson et al., 2014). Therefore, there is some
evidence pointing toward similar brain mechanisms between
trait and acquired mindfulness skills. However, the literature
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on mindfulness-based interventions and trait mindfulness
presents such a variety of experimental paradigms, popula-
tions and analysis methods that it remains difficult to draw
a definitive conclusion.

Given the importance of the topic for youth, and in par-
ticular the potential of mindfulness as an early intervention
for adolescents, we aimed here at reviewing the neural corre-
lates of trait mindfulness focusing on adolescents. In order to
capture all of adolescence, we followed Sawyer et al. (2018),
who summarizes the phase of brain growth of adolescence,
starting before the visible signs of puberty with adrenarche
(around 6 years of age); going on until mid-twenties (Sawyer
et al., 2018). Despite the growing literature on mindfulness
and its psychological benefits, where many studies have
populations consisting of university students, there is little
neuroimaging data focused on the specific age range, up to
25 years of age. We systematically reviewed the current lit-
erature on the functional neuroimaging data associated with
dispositional aspect of mindfulness in this population and
attempted to distinguish the different aspects of mindfulness
with brain activity. By understanding the underlying neural
mechanisms behind trait mindfulness, we aim to help design
more specific interventions in adolescents adapting to their
individual needs.

Method

This systematic review was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines (Moher et al., 2009).

Eligibility criteria

We included peer-reviewed, English-written observational
studies investigating resting-state or task-based fMRI cor-
relates of mindfulness in participants aged between 6 and
25 years of age. Studies investigating trait mindfulness
or mindfulness-based interventions were included; trait
mindfulness results are reported here, intervention will be
reported elsewhere (Celen et al., 2023). All types of popu-
lations (vulnerabilities, psychiatric conditions, etc.) were
included if they fitted the age range. We therefore excluded
articles with samples outside this age range. Studies that
reported only mean age below 25 years were subjected to
further scrutiny to ensure the sample age range did not
extend beyond our criteria. In details, we requested the age-
range via individual e-mails to the authors of these studies,
and we discarded studies whose authors confirmed that the
population included participants above 25 years, or where
we could not get a response from the corresponding author
and two other authors. We excluded non-peer reviewed arti-
cles, studies employing other neuroimaging techniques (such

as diffusion tensor imaging, structural MRI, PET, magnetic
resonance spectroscopy). Additionally, we excluded the fol-
lowing article types: preclinical studies, case series with less
than 10 participants, case reports, interventional or rand-
omized controlled trials, letters to the editor, editorials, book
chapters, conference abstracts, reviews and metanalyses.

Search strategy and study selection

We searched four databases (MEDLINE, EMBASE,
PsychINFO and the Cochrane Library) from inception until
14th October, 2023. Our database-specific search strategy
included the following keywords: (“mindful*” or “meditat*”
or “MBSR” or “MBCT”) and (“functional magnetic reso-
nance imaging” or “fMRI” or “MRI” or “neuroimaging”).
Gray literature was not included in the search. We searched
the references of the included articles to screen for additional
relevant articles that could go through the screening process.

Three reviewers (ZC, LFS and CP) independently
screened titles, abstracts and then full-text studies for eli-
gibility using an online systematic review software (Covi-
dence systematic review software, Veritas Health Innova-
tion, Melbourne, Australia; www.covidence.org). A fourth
author (AM) resolved conflicts.

Data extraction

Data extraction was performed by two independent research-
ers (ZC, LFS). Any discrepancy was discussed until a con-
sensus was reached. Disagreements were resolved by a third
reviewer (CP).

The following variables were extracted from each article:
authors, year of publication, sample size, epidemiological
data of the sample (number and percentage of females, mean
age, standard deviation of the mean age, age range), self-
reported mindfulness scale employed to test the mindfulness
trait and mindfulness subscales characterizing this scale,
MRI task (where applicable), behavioral results in relation
to mindfulness scales, other results and findings, additional
relevant comments or aspects (where applicable), technical
details on data collections and technique of analysis.

Data analyses

We conducted a qualitative review of the results and pre-
sented them in summarized tables. Due to the methodologi-
cal differences among the studies and the limited number of
studies that met our criteria, it was not feasible to perform a
quantitative meta-analysis.
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Public and patients' involvement

The public and patients were not involved in this work.

Results
Search Results

In total, 2348 potentially relevant articles were screened, and
data from 23 studies met our search criteria. Out of these,
7 studies focused on functional neural correlates associated
with mindfulness as a dispositional trait without a mindful-
ness intervention. The remaining 16 studies were neural cor-
relates associated with mindfulness intervention and will be
reported elsewhere (Celen et al., 2023). We retrieved 6 studies
focusing on resting state and only one on task-based activity
(Stein et al., 2022), therefore, we decided to exclude the task-
based study out of the systematic analysis, and to report only
resting-state studies. The screening process is shown in Fig. 1.

All studies extracted were cross-sectional, most of them had
healthy populations. One study was a case-controlled study,
that was conducted on adolescents who were in full or partial
remission from Major Depressive Disorder (rMDD), with a
mean age of 15.61 years (Peters et al., 2016). Another included
a group of children and adolescents at risk of psychopathol-
ogy with a mean age of 10.3 years (Marusak et al., 2018). The

size of the study groups varied significantly from 23 (Peters
et al., 2016) to 283 participants (Kong et al., 2016). The main
characteristics of the studies are shown in Table 1.

There were a range of dispositional mindfulness meas-
ures used in these studies. Three studies used MAAS as a
mindfulness scale (Bilevicius et al., 2018; Kong et al., 2016;
Wang et al., 2014). One study chose FFMQ as a measure and
compared brain activity to its subscales as well as total score
(Li et al., 2022). The two studies that included participants
under the age of 18 years, reported trait mindfulness through
CAMM (Marusak et al., 2018; Peters et al., 2016).

Summary of Functional MRI Recording and Analysis

All studies recorded fMRI using 3 T scanners. However, there
was a heterogeneity in the techniques used for investigation
and analysis (Table 1). Among the resting state recordings,
four studies instructed their participants to keep eyes closed,
and two recorded resting state with eyes open, both presenting
a fixation cross (Li et al., 2022; Peters et al., 2016). One study
examined dynamic connectivity (as well as static connectiv-
ity) using independent component analysis (ICA) method and
a sliding windows approach (Marusak et al., 2018). One study
examined Regional Homogeneity (ReHo) (Kong et al., 2016),
two studies examined whole brain seed based functional con-
nectivity (SBFC) (Peters et al., 2016; Wang et al., 2014). One
study examined functional connectivity using independent

Fig. 1 PRISMA chart of the
screening process (Moher et al.,
2009)

Records screened
(n=2348)

Records excluded based
on title and abstract
(n=1603)

A 4

Full-text articles assessed
for eligibility >
(n =745)

Full-text articles excluded,
with reasons
(n=722)

Studies meeting criteria
(n=23)

Studies focused on
Dispositional Mindfulness
(n=7)
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Table 1 Summary of the population demographics and techniques of the extracted studies

Author (year) Number of Mean Age Age Range Population Dispositional Mindfulness ~ MRI Task Data Collection,
Subjects, (SD) Description Mindfulness  Subscales Analysis
[number of Scale [Facets with-
females] out subscale]
Bilevicus 32 [22F] 18.16 (1.08) 18-22 Non meditat- MAAS [Attention] Resting State 3T, eyes closed,
et al. (2018) ing brain voyager,
ICA
Kong et al. 290 [157F] 21.56 (1.01) 18-25 No psychiatric MAAS [Attention] Resting State 3T, eyes closed,
(2016) disorders FSL, ReHo
Wang et al. 245[129F] 21.7 (1.05) 18-25 No psychiatric MAAS [Attention] Resting State 3T,eyes closed,
(2014) disorders FSL, SBFC
Marusak et al. 49 [23F] 10.3 (2.9) 6-17 Youth at CAMM [Observing, Resting State 3T, eyes closed,
(2018) risk for Acting with multi-echo/
emotional Awareness, multi-band, ICA,
psychopa- Acceptance] static +dynamic
thology via connectivity
social disad-
vantage
Peters et al. rMDD: 23 rMDD: 15.61 1218 Full or partial CAMM [Observing,  Resting State 3T, eyes open,
(2016) [13F] (1.90) remission Acting with SPM8, SBFC
Control: 10 Control: 15.80 from MDD Awareness,
[7F] (1.99) Acceptance]
Lietal. 89 [63F] 20.40 (1.63) 18-23 No mindful- FFMQ Observing, Resting State 3T, eyes open,
(2022) ness training Describing, DPABI, ALFF,
experience, Acting with fALFF
No psychiat- Awareness,
ric disorders Non-Judg-
ing, Non-
Reactivity

Note. ALFF: Amplitude of Low Frequency Fluctuations; CAMM: Child and Adolescent Mindfulness Scale; DPABI: Data Processing and Anal-
ysis for Brain Imaging; FFMQ: Five Facet Mindfulness Questionnaire; fALFF: fractional Amplitude of Low Frequency Fluctuations; ICA: Inde-
pendent Component Analysis; MAAS: Mindful Attention Awareness Scale; MDD: Major Depression Disorder, ReHo: Regional Homogeneity;

SBFC: Seed Based Functional Connectivity; SPM: Statistical Parametric Mapping

component analysis (ICA) (Bilevicius et al., 2018). Another
study explored the relationship of amplitude of low frequency
(ALFF) and fractional amplitude of low frequency (fALFF)
in regions of interest (ROI) (Li et al., 2022).

Behavioral Results

One study using MAAS found a positive correlation between
this trait and hedonic wellbeing (positive affect), eudaimonic
wellbeing, and negatively correlated with negative affect in
late adolescents (Kong et al., 2016) (Table 2).

A study reporting CAMM showed youth with higher trait
score reporting less symptoms of anxiety and more thoughts
focused on the present moment during the fMRI scan
(Marusak et al., 2018). However, the same study showed
no correlation with depressive symptoms as well as other
indices such as income, parental education, 1Q, puberty or
sex (Marusak et al., 2018). In the study with a sample of
adolescents with rMDD, CAMM had no correlation with
depression or rumination scores (Peters et al., 2016).

Dispositional Mindfulness and Resting State Activity
Single Facet: MAAS

Three papers correlated MAAS with resting state activity with
seemingly different techniques: ReHo (Kong et al., 2016),
functional connectivity using posterior cingulate cortex (PCC)
as a seed to identify DMN (Wang et al., 2014) and functional
connectivity using independent component analysis to iden-
tify different networks (Bilevicius et al., 2018). The main dif-
ference between ReHo and the other techniques is functional
connectivity inquires into long-distance relationships whereas
ReHo is a measure of local or short distance interactions (Jiang
& Zuo, 2016; Zang et al., 2004). During resting state, MAAS
was shown to correlate positively with the local synchroniza-
tion of brain activity, ReHo, in the right insula, left parahip-
pocampal gyrus (PHG), left orbitofrontal cortex (OFC) and
negatively with ReHo in the right inferior frontal gyrus (IFG)
in healthy adolescents (Kong et al., 2016). MAAS was also
reported to mediate the association between spontaneous brain

@ Springer
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activity in these regions and well-being scores such as positive
affect and eudaimonic well-being (Kong et al., 2016).

One of the two papers reporting functional connectivity
analysis of the default mode network (DMN) showed healthy
late adolescents with higher mindfulness scores having the spon-
taneous neural activity of the thalamus correlating weakly with
other DMN nodes (Wang et al., 2014). The other paper showed
mindfulness scores correlating negatively with functional con-
nectivity in the DMN, particularly in the left medial frontal
gyrus, left superior temporal gyrus and left insula, even though
insula is not considered a part of DMN but is a part of the sali-
ence network (SN) (Bilevicius et al., 2018). The authors note
that according to their results, MAAS scores involve cross-net-
work functional connectivity (Bilevicius et al., 2018). In addi-
tion, the connectivity of the precuneus in the salience network
(SN) and central executive network (CEN) correlated negatively
with mindfulness (Bilevicius et al., 2018). The left insula and
anterior cingulate cortex (ACC) connectivity in the SN revealed
positive correlations with mindfulness (Bilevicius et al., 2018).

Overall, in the three papers, MAAS was associated to
connectivity in three major brain networks and involved key
regions such as insula, IFG and thalamus. The results are sum-
marized in Table 2.

Multifaceted: CAMM, FFMQ

In the study with the only clinical population, adolescents
with rMDD, connectivity between left dorsolateral PFC and
left IFG was inversely related to multifaceted mindfulness
scale (Peters et al., 2016). In another study, participants with
higher mindfulness transitioned more between brain states,
and showed a state-specific reduction in strength of connec-
tivity of the salience and emotion network (SEN) and the
CEN (Marusak et al., 2018). The number of state transitions
was shown to mediate the link between high mindfulness
and low anxiety (Marusak et al., 2018). In the study with a
population of late adolescents, spontaneous brain activity of
the PCC correlated negatively with non-reactivity, whereas
in whole brain analysis FFMQ scores and subscales were
negatively correlated with the spontaneous activation of the
left premotor cortex (Li et al., 2022). Results are summa-
rized in Table 2.

In summary, multifaceted dispositional mindfulness was
related to increased transitions between brain states and
decreased connectivity in specific frontal cortex locations
and inferior parietal lobe.

Discussion

We have reviewed the studies that investigate the neural
correlates of dispositional mindfulness without an inter-
vention, in adolescents up to 25 years of age. Mindfulness

as a trait in adolescents is correlated with resting state
activity in regions that have been associated with emo-
tion regulation, attention, introspection and transitioning
between resting state-networks. The number of studies that
investigate trait mindfulness in this age range is very low
and unfortunately the results cannot be generalized due
to the differences in the types of scales and analysis tech-
niques used, warranting further research. However, we dis-
cuss here the findings in the context of a larger literature.

In adolescents, subscales of mindfulness trait have
been linked to neural correlates of emotion regulation, for
example in an event-related potential study (Deng et al.,
2020). Supporting this, one study extracted here linked
trait mindfulness to the connectivity of two regions, left
dorsolateral PFC and left IFG (Peters et al., 2016), which
are regions involved in emotion regulation, especially
reappraisal in young adults (Morawetz et al., 2016). In
the pilot study using a group of adolescents with rMDD,
higher level of multifaceted mindfulness was associated
with lower connectivity between these two regions (Peters
et al., 2016). In adults, on the other hand, mindfulness-
based interventions result in an increase in resting state
functional connectivity between left dorsolateral PFC and
right IFG among other regions (Taren et al., 2017). Peters
et al. (2016) explain the decrease in connectivity between
the two frontal regions associated with high mindfulness
to be indicative of the requirement of less effort to reduce
or suppress emotional responding, and a sign of accepting
the emotion, which is the basis of mindfulness. These two
patterns could actually subtend two emotion regulation
strategies involved in mindfulness but somehow opposite:
acceptance and reappraisal, the latter being more likely to
be used in older participants (Theurel & Gentaz, 2018).
This remains to be tested.

There is a debate on whether mindfulness training
improves attention regulation even though mindfulness
practice involves focusing of attention, as well as open
monitoring. This is not the case for sustained attention
and cognitive inhibition in university students (Wimmer
et al., 2020). MBIs might be promising for adolescents and
children’s attention and executive functions, however more
specific studies are still needed (Mak et al., 2018). In our
review, single faceted mindfulness trait, measuring mainly
the attention to the present moment, is correlated with the
connectivity of right middle frontal gyrus in the central
executive network (Bilevicius et al., 2018). Right middle
frontal gyrus is involved in reorienting attention, serving
as a gateway between ventral and dorsal attentional net-
works (Fox et al., 2006; Japee et al., 2015). Another region
involved in attention, as well as emotion regulation, is the
right IFG, associated with the detection of important cues
(Hampshire et al., 2010). Kong et al. (2016), examining
a large number of late adolescents, with the same single
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faceted scale on attention, found a negative relationship
with ReHo in the right IFG during rest. This might seem
unexpected, and indeed, mindfulness training has been
shown to enhance activity in IFG in college students dur-
ing rest (Tang et al., 2013) and during insightful problem
solving (Ding et al., 2015). This discrepancy in findings
could be due to the different techniques being used, and
the physiological significance of ReHo that needs further
investigation to interpret the direction of the results, as
noted by the authors (Kong et al., 2016).

Insula is a region frequently evoked in mindfulness
research, given its role in interoception and awareness
(Craig, 2009). A review on the neural correlates of MBIs
concluded that an increase in insula activity was the most
common effect of mindfulness trainings (Young et al.,
2018). Mindfulness strengthens interoception and affects
the insula network (Sharp et al., 2018). In the studies we
examined, there were several findings on the insula, with
different methods whose results are not uniform. Single
facet mindfulness scale correlated positively with right
insula ReHo and with connectivity between left insula and
the salience network (Bilevicius et al., 2018; Kong et al.,
2016). In a study with young adults, authors similarly
showed increased left insula connectivity in the attentional
network, in the “observing” facet of a multifaceted mindful-
ness scale (Parkinson et al., 2019). The “observing” subscale
of the FFMQ measures attentional awareness component
of mindfulness, similar to single-faceted MAAS. However,
the study we extracted also reported a negative correlation
reported between the left insula and the DMN component
(Bilevicius et al., 2018). With insula being part of the sali-
ence network, this is an example of cross-network connec-
tivity. The authors explain that their technique is focused on
within network connectivity and they can only speculate on
the patterns of the cross-network connectivity they report.
Cross-network connectivity has previously been linked to
mindfulness, especially as a recent meta-analysis showed
that cross-network connectivity between the SN and DMN
is strengthened by mindfulness training, suggesting a more
flexible control of inward attention (Rahrig et al., 2022).
Therefore, we cannot draw a unique conclusion on the rela-
tionship of the insula with trait mindfulness in adolescents.

In early adolescents multifaceted mindfulness trait did
not show any correlation to static functional connectivity
between networks (Marusak et al., 2018). However, dynamic
functional connectivity revealed that mindfulness trait is
positively correlated to an increase in transitions between
brain states during rest, which mediates a decrease in anxi-
ety (Marusak et al., 2018). This is in line with a study in
young adults, when breath counting is used as an objective
dispositional mindfulness scale, instead of a self-reported
scale as investigated in Marusak et al. (2018). The group
with higher scores transitioned more between brain states
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and spent more time in a task ready state, however, there was
no correlation with self-reported multifaceted mindfulness
scale (Lim et al., 2018). In conclusion, transitioning between
brain states, as well as increased cross-network connectiv-
ity, are linked to mindfulness, both intervention and trait,
however this is inferred from a very low number of studies
for adolescents.

An additional region that was reported to be linked to
dispositional mindfulness was the thalamus. One of the
extracted studies here showed that during rest, late adoles-
cents with higher single faceted mindfulness scores, have
lower correlation of thalamus spontaneous neural activity
with the other DMN nodes activity. The authors suggest
that thalamus could be acting as a switch between focused
mindful state and mind wandering, where the lower involve-
ment in DMN might mean less mind wandering (Wang et al.,
2014). Indeed, a negative correlation with MAAS and thala-
mus activity is also observed with other modalities such as
PET (Gartenschléger et al., 2017). In adults, the thalamus
is one of the regions that is deactivated during mindfulness
meditation related to pain relief (Zeidan et al., 2015), which
is an example of the similarity between mindfulness inter-
vention and trait.

Another region that seems to show the same pattern is the
PCC. Within the DMN, PCC is the region where self-driven
processes begin (Davey et al., 2016). Mindfulness training
in young adults results in decreased left PCC amplitude of
spontaneous activity during rest which is also reflected in
lower depression scores (Yang et al., 2019). In adolescents, a
study extracted here showed, a subscale of trait mindfulness,
non-reactivity, correlating negatively with the same mode
of measurement of left PCC activity (Li et al., 2022). There
seems to be a few parallels between intervention effects in
young adults and trait mindfulness in adolescents. However,
more data, especially for adolescents is needed.

In summary, although mindfulness, with its multiple
components of bringing attention to the present moment,
opening up to experience, in a non-judgmental way; is an
interesting putative intervention for transdiagnostic early
interventions, this review shows that more work is needed
to understand it as a self-reported disposition and its conse-
quences on brain function and development in adolescents.
Inferring that different regions of the brain become inte-
grated for different aspects of the practice and dispositional
measure is tempting. However, in this age group, the stud-
ies on neural correlates of dispositional mindfulness, as
we have summarized, is very limited. Understanding how
dispositional mindfulness relates to neural activity during
this period could shed light on the potential role of mind-
fulness on these maturing circuits. Therefore, deciphering
the various pathways through which mindfulness trait, as
well as mindfulness interventions, act as psychological resil-
ience factors will help target early interventions for specific
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sub-groups of individuals and benefit clinical precision psy-
chiatry. We would encourage more studies focusing on this
specific notion of individual facets of mindfulness, to be
investigating developmental neural pathways in adolescents.

Limitations and Future Directions

We would like to emphasize a few things that might help
develop the research in this field. Firstly, we strongly encour-
age investigators to report the age range of their participants,
as well as mean age and standard deviation. This would
allow transparency and to help reviewers that aim to inves-
tigate certain population groups based on age. University
students do represent a specific population, but not a uni-
form population as there can be a very wide age range. We
observed that the maximal age can go up to 36 years, in
studies with undergraduates, during our extraction process.

In addition, during reporting, we would recommend
emphasizing the facets of trait mindfulness, even when a
single facet is used, in the title and abstract rather than just
labelling it “mindfulness”. Mindfulness is a very broad term,
and this multidimensional term is aimed to be measured as a
disposition, by different scales, measuring different aspects,
in adults and adolescents. We have presented and discussed
the results on the basis of the facets of the trait scales used in
order to summarize the neural correlates of different aspects
of mindfulness. However, due to the low number of studies,
we are not able to make general inferences.

In conclusion, to our knowledge, this is the first review
reporting the neural correlates of dispositional mindfulness
and its relevance to youth up to 25 years of age. There are
many good quality reviews on mindfulness (Ahola Kohut
et al., 2017; Tang et al., 2015), including on the impact of
mindfulness-based intervention on brain mechanisms (Rah-
rig et al., 2022; Young et al., 2018), however no review had
been done on dispositional mindfulness and adolescents
despite its high relevance in the context of promoting men-
tal health in that stage. From behavioral studies, the posi-
tive effects of mindfulness on mental health and well-being
is clear. The main limitation of our review is the sparsity
of studies on the subject, leading to large heterogeneity in
the number of subjects, analysis techniques and in the dis-
positional mindfulness scales. However, the results of this
qualitative review should encourage further research.

Acknowledgements We would like to thank Sandra Ter Pelle for her
help in retrieving the full texts of a few articles for screening.

Author Contributions Zeynep Celen: formal analysis, investigation,
visualization, writing-original draft; Arnaud Merglen: conceptualiza-
tion, investigation, methodology, review and editing; Luigi F. Saccaro:
formal analysis, investigation, review and editing; Camille Piguet: con-
ceptualization, supervision, visualisation, review and editing.

Funding Open access funding provided by University of Geneva This
work has been funded by Leenaards Foundation, with additional sup-
port from the NCCR Synapsy (financed by the Swiss National Science
Foundation, Grant Number 51NF40-158776). Ernst and Lucie Schmid-
heiny Foundation has granted ZC a scholarship.

Declarations

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

Informed Consent statement No informed consent was needed in this
study as it is a systematic analysis of previously published studies.

Use of Artificial Intelligence Statement Artificial intelligence tools
were not used in the production of this work.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ahola Kohut, S., Stinson, J., Davies-Chalmers, C., Ruskin, D., &
van Wyk, M. (2017). Mindfulness-Based Interventions in Clini-
cal Samples of Adolescents with Chronic Illness: A Systematic
Review. The Journal of Alternative and Complementary Medicine,
23(8), 581-589. https://doi.org/10.1089/acm.2016.0316

Arain, M., Haque, M., Johal, L., Mathur, P., Nel, W., Rais, A., Sandhu,
R., & Sharma, S. (2013). Maturation of the adolescent brain. Neu-
ropsychiatric Disease and Treatment, 9, 449-461. https://doi.org/
10.2147/NDT.S39776

Baer, R. A., Smith, G. T., & Allen, K. B. (2004). Assessment of Mind-
fulness by Self-Report: The Kentucky Inventory of Mindfulness
Skills. Assessment, 11(3), 191-206. https://doi.org/10.1177/10731
91104268029

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L.
(2006). Using Self-Report Assessment Methods to Explore Fac-
ets of Mindfulness. Assessment, 13(1), 27-45. https://doi.org/10.
1177/1073191105283504

Bergomi, C., Tschacher, W., & Kupper, Z. (2013). The Assessment
of Mindfulness with Self-Report Measures: Existing Scales and
Open Issues. Mindfulness, 4(3), 191-202. https://doi.org/10.1007/
s12671-012-0110-9

Bilevicius, E., Smith, S. D., & Kornelsen, J. (2018). Resting-State Net-
work Functional Connectivity Patterns Associated with the Mind-
ful Attention Awareness Scale. Brain Connectivity, 8(1), 40—48.
https://doi.org/10.1089/brain.2017.0520

Borders, A., & Lu, S.-E. (2017). The bidirectional associations between
state anger and rumination and the role of trait mindfulness.
Aggressive Behavior, 43(4), 342-351. https://doi.org/10.1002/
ab.21693

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1089/acm.2016.0316
https://doi.org/10.2147/NDT.S39776
https://doi.org/10.2147/NDT.S39776
https://doi.org/10.1177/1073191104268029
https://doi.org/10.1177/1073191104268029
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1007/s12671-012-0110-9
https://doi.org/10.1007/s12671-012-0110-9
https://doi.org/10.1089/brain.2017.0520
https://doi.org/10.1002/ab.21693
https://doi.org/10.1002/ab.21693

750

Mindfulness (2024) 15:741-752

Brett, E. I, Leffingwell, T. R., & Leavens, E. L. (2017). Trait mindful-
ness and protective strategies for alcohol use: Implications for
college student drinking. Addictive Behaviors, 73, 16-21. https://
doi.org/10.1016/j.addbeh.2017.04.011

Brown, K. W.,, West, A. M., Loverich, T. M., & Biegel, G. M. (2011).
Assesing adolescent mindfulness: Validation of an adapted
Mindful Attention Awareness Scale in adolescent normative and
psychiatric populations. Psychological Assessment, 23(4), 1023—
1033. https://doi.org/10.1037/a0021338

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present:
Mindfulness and its role in psychological well-being. Journal of
Personality and Social Psychology, 84(4), 822-848. https://doi.
org/10.1037/0022-3514.84.4.822

Brown, K. W., Weinstein, N., & Creswell, J. D. (2012). Trait mindful-
ness modulates neuroendocrine and affective responses to social
evaluative threat. Psychoneuroendocrinology, 37(12),2037-2041.
https://doi.org/10.1016/j.psyneuen.2012.04.003

(Bud) Craig, A. (2009). How do you feel — now? The anterior insula
and human awareness. Nature Reviews Neuroscience, 10(1),
59-70. https://doi.org/10.1038/nrn2555

Casey, B. J., Getz, S., & Galvan, A. (2008). The adolescent brain.
Developmental Review, 28(1), 62-77. https://doi.org/10.1016/].
dr.2007.08.003

Celen, Z., Saccaro, L. F., Merglen, A., Piguet, C. (2023). Mindfulness
intervention effects on brain activity in adolescents: A systematic
review. Manuscript in preparation.

Coleman, J. C., & Hendry, L. B. (1999). The nature of adolescence (3rd
ed). Taylor & Francis/Routledge.

Dahl, R. E. (2004). Adolescent brain development: A period of vulner-
abilities and opportunities. Keynote address. Annals of the New
York Academy of Sciences, 1021(1), 1-22. https://doi.org/10.1196/
annals.1308.001

Davey, C. G., Pujol, J., & Harrison, B. J. (2016). Mapping the self in
the brain’s default mode network. Neurolmage, 132, 390-397.
https://doi.org/10.1016/j.neuroimage.2016.02.022

Davidson, R. J. (2010). Empirical explorations of mindfulness: Con-
ceptual and methodological conundrums. Emotion, 10(1), 8.
https://doi.org/10.1037/a0018480

Deng, X., Gao, Q., Zhang, L., & Li, Y. (2020). Neural underpinnings
of the role of trait mindfulness in emotion regulation in adoles-
cents. Mindfulness, 11(5), 1120-1130. https://doi.org/10.1007/
s12671-019-01276-7

Ding, X., Tang, Y.-Y., Cao, C., Deng, Y., Wang, Y., Xin, X., & Posner,
M. I. (2015). Short-term meditation modulates brain activity of
insight evoked with solution cue. Social Cognitive and Affective
Neuroscience, 10(1), 43—49. https://doi.org/10.1093/scan/nsu032

Farb, N. A. S., Segal, Z. V., & Anderson, A. K. (2013). Mindfulness
meditation training alters cortical representations of interocep-
tive attention. Social Cognitive and Affective Neuroscience, 8(1),
15-26. https://doi.org/10.1093/scan/nss066

Fox, M. D., Corbetta, M., Snyder, A. Z., Vincent, J. L., & Raichle,
M. E. (2006). Spontaneous neuronal activity distinguishes human
dorsal and ventral attention systems. Proceedings of the National
Academy of Sciences of the United States of America, 103(26),
10046-10051. https://doi.org/10.1073/pnas.0604187103

Fulambarkar, N., Seo, B., Testerman, A., Rees, M., Bausback, K., &
Bunge, E. (2023). Review: Meta-analysis on mindfulness-based
interventions for adolescents’ stress, depression, and anxiety in
school settings: A cautionary tale. Child and Adolescent Mental
Health, 28(2), 307-317. https://doi.org/10.1111/camh.12572

Gao, Y., Shi, L., Smith, K. C., Kingree, J. B., & Thompson, M. (2016).
Physical aggression and mindfulness among college students: Evi-
dence from China and the United States. International Journal of
Environmental Research and Public Health, 13(5), 480. https://
doi.org/10.3390/ijerph13050480

@ Springer

Gartenschldger, M., Schreckenberger, M., Buchholz, H.-G., Reiner,
1., Beutel, M. E., Adler, J., & Michal, M. (2017). Resting
brain activity related to dispositional mindfulness: A PET
study. Mindfulness, 8(4), 1009-1017. https://doi.org/10.1007/
s12671-017-0677-2

Goldberg, S. B., Wielgosz, J., Dahl, C., Schuyler, B., MacCoon, D.
S., Rosenkranz, M., Lutz, A., Sebranek, C. A., & Davidson, R. J.
(2016). Does the Five Facet Mindfulness Questionnaire measure
what we think it does? Construct validity evidence from an active
controlled randomized clinical trial. Psychological Assessment,
28(8), 1009-1014. https://doi.org/10.1037/pas0000233

Greco, L. A., Baer, R. A., & Smith, G. T. (2011). Assessing mindful-
ness in children and adolescents: Development and validation of
the Child and Adolescent Mindfulness Measure (CAMM). Psy-
chological Assessment, 23(3), 606—614. https://doi.org/10.1037/
20022819

Grossman, P. (2008). On measuring mindfulness in psychosomatic
and psychological research. Journal of Psychosomatic Research,
64(4), 405-408. https://doi.org/10.1016/j.jpsychores.2008.02.001

Hampshire, A., Chamberlain, S. R., Monti, M. M., Duncan, J., &
Owen, A. M. (2010). The role of the right inferior frontal gyrus:
Inhibition and attentional control. Neurolmage, 50(3), 1313-1319.
https://doi.org/10.1016/j.neuroimage.2009.12.109

Hofmann, S. G., & Gémez, A. F. (2017). Mindfulness-Based Inter-
ventions for Anxiety and Depression. Psychiatric Clinics, 40(4),
739-749. https://doi.org/10.1016/j.psc.2017.08.008

Holzel, B. K., Carmody, J., Evans, K. C., Hoge, E. A., Dusek, J. A.,
Morgan, L., Pitman, R. K., & Lazar, S. W. (2010). Stress reduc-
tion correlates with structural changes in the amygdala. Social
Cognitive and Affective Neuroscience, 5(1), 11-17. https://doi.
org/10.1093/scan/nsp034

Japee, S., Holiday, K., Satyshur, M. D., Mukai, I., & Ungerleider, L.
G. (2015). A role of right middle frontal gyrus in reorienting of
attention: A case study. Frontiers in Systems Neuroscience, 9, 23.
https://doi.org/10.3389/fnsys.2015.00023

Jiang, L., & Zuo, X.-N. (2016). Regional Homogeneity. The Neuro-
scientist, 22(5), 486-505. https://doi.org/10.1177/1073858415
595004

Johnson, D. C., Thom, N. J., Stanley, E. A., Haase, L., Simmons, A. N.,
Shih, P.-A.B., Thompson, W. K., Potterat, E. G., Minor, T. R., &
Paulus, M. P. (2014). Modifying resilience mechanisms in at-risk
individuals: A controlled study of mindfulness training in Marines
preparing for deployment. The American Journal of Psychiatry,
171(8), 844—853. https://doi.org/10.1176/appi.ajp.2014.13040502

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R.,
& Walters, E. E. (2005). Lifetime prevalence and age-of-onset
distributions of DSM-IV disorders in the National Comorbid-
ity Survey Replication. Archives of General Psychiatry, 62(6),
593-602. https://doi.org/10.1001/archpsyc.62.6.593

Kong, F., Wang, X., Song, Y., & Liu, J. (2016). Brain regions involved
in dispositional mindfulness during resting state and their relation
with well-being. Social Neuroscience, 11(4), 331-343. https://doi.
org/10.1080/17470919.2015.1092469

Kral, T. R. A., Davis, K., Korponay, C., Hirshberg, M. J., Hoel, R.,
Tello, L. Y., Goldman, R. I., Rosenkranz, M. A., Lutz, A., &
Davidson, R. J. (2022). Absence of structural brain changes from
mindfulness-based stress reduction: Two combined randomized
controlled trials. Science Advances, 8(20), eabk3316. https://doi.
org/10.1126/sciadv.abk3316

Kuyken, W., Ball, S., Crane, C., Ganguli, P., Jones, B., Montero-Marin,
J., Nuthall, E., Raja, A., Taylor, L., Tudor, K., Viner, R. M., All-
wood, M., Aukland, L., Dunning, D., Casey, T., Dalrymple, N.,
Wilde, K. D., Farley, E.-R., Harper, J., ... Williams, J. M. G.
(2022). Effectiveness and cost-effectiveness of universal school-
based mindfulness training compared with normal school provi-
sion in reducing risk of mental health problems and promoting


https://doi.org/10.1016/j.addbeh.2017.04.011
https://doi.org/10.1016/j.addbeh.2017.04.011
https://doi.org/10.1037/a0021338
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1016/j.psyneuen.2012.04.003
https://doi.org/10.1038/nrn2555
https://doi.org/10.1016/j.dr.2007.08.003
https://doi.org/10.1016/j.dr.2007.08.003
https://doi.org/10.1196/annals.1308.001
https://doi.org/10.1196/annals.1308.001
https://doi.org/10.1016/j.neuroimage.2016.02.022
https://doi.org/10.1037/a0018480
https://doi.org/10.1007/s12671-019-01276-7
https://doi.org/10.1007/s12671-019-01276-7
https://doi.org/10.1093/scan/nsu032
https://doi.org/10.1093/scan/nss066
https://doi.org/10.1073/pnas.0604187103
https://doi.org/10.1111/camh.12572
https://doi.org/10.3390/ijerph13050480
https://doi.org/10.3390/ijerph13050480
https://doi.org/10.1007/s12671-017-0677-2
https://doi.org/10.1007/s12671-017-0677-2
https://doi.org/10.1037/pas0000233
https://doi.org/10.1037/a0022819
https://doi.org/10.1037/a0022819
https://doi.org/10.1016/j.jpsychores.2008.02.001
https://doi.org/10.1016/j.neuroimage.2009.12.109
https://doi.org/10.1016/j.psc.2017.08.008
https://doi.org/10.1093/scan/nsp034
https://doi.org/10.1093/scan/nsp034
https://doi.org/10.3389/fnsys.2015.00023
https://doi.org/10.1177/1073858415595004
https://doi.org/10.1177/1073858415595004
https://doi.org/10.1176/appi.ajp.2014.13040502
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1080/17470919.2015.1092469
https://doi.org/10.1080/17470919.2015.1092469
https://doi.org/10.1126/sciadv.abk3316
https://doi.org/10.1126/sciadv.abk3316

Mindfulness (2024) 15:741-752

751

well-being in adolescence: The MYRIAD cluster randomised
controlled trial. BMJ Mental Health, 25(3), 99-109. https://doi.
org/10.1136/ebmental-2021-300396

Li, J., Chen, Y., Zheng, J., & Qiu, J. (2022). Dispositional mindfulness
and self-referential neural activity during the resting state. Social
Neuroscience, 17(1), 13-20. https://doi.org/10.1080/17470919.
2021.2009559

Lim, J., Teng, J., Patanaik, A., Tandi, J., & Massar, S. A. A. (2018).
Dynamic functional connectivity markers of objective trait mind-
fulness. Neurolmage, 176, 193-202. https://doi.org/10.1016/j.
neuroimage.2018.04.056

Liu, Q.-Q., Yang, X.-J., & Nie, Y.-G. (2023). Interactive effects of
cumulative social-environmental risk and trait mindfulness
on different types of adolescent mobile phone addiction. Cur-
rent Psychology, 42(20), 16722-16738. https://doi.org/10.1007/
$12144-022-02899-1

Lucas-Thompson, R. G., Miller, R. L., Seiter, N. S., & Prince, M. A.
(2019). Dispositional mindfulness predicts cortisol, cardiovascu-
lar, and psychological stress responses in adolescence. Psycho-
neuroendocrinology, 110, 104405. https://doi.org/10.1016/j.psyne
uen.2019.104405

Lutz, J., Herwig, U., Opialla, S., Hittmeyer, A., Jidncke, L., Rufer, M.,
Grosse Holtforth, M., & Briihl, A. B. (2014). Mindfulness and
emotion regulation—An fMRI study. Social Cognitive and Affec-
tive Neuroscience, 9(6), 776-785. https://doi.org/10.1093/scan/
nst043

Lyvers, M., Makin, C., Toms, E., Thorberg, F. A., & Samios, C. (2014).
Trait Mindfulness in Relation to Emotional Self-Regulation and
Executive Function. Mindfulness, 5(6), 619-625. https://doi.org/
10.1007/s12671-013-0213-y

MacKillop, J., & Anderson, E. J. (2007). Further Psychometric Valida-
tion of the Mindful Attention Awareness Scale (MAAS). Journal
of Psychopathology and Behavioral Assessment, 29(4), 289-293.
https://doi.org/10.1007/s10862-007-9045-1

Majeed, M. H., Ali, A. A., & Sudak, D. M. (2018). Mindfulness-based
interventions for chronic pain: Evidence and applications. Asian
Journal of Psychiatry, 32, 79-83. https://doi.org/10.1016/j.ajp.
2017.11.025

Mak, C., Whittingham, K., Cunnington, R., & Boyd, R. N. (2018).
Efficacy of Mindfulness-Based Interventions for Attention and
Executive Function in Children and Adolescents—A System-
atic Review. Mindfulness, 9(1), 59-78. https://doi.org/10.1007/
s12671-017-0770-6

Manuel, J. A., Somohano, V. C., & Bowen, S. (2017). Mindfulness
Practice and Its Relationship to the Five-Facet Mindfulness Ques-
tionnaire. Mindfulness, 8(2), 361-367. https://doi.org/10.1007/
s12671-016-0605-x

Marusak, H. A., Elrahal, F., Peters, C. A., Kundu, P., Lombardo, M.
V., Calhoun, V. D., Goldberg, E. K., Cohen, C., Taub, J. W., &
Rabinak, C. A. (2018). Mindfulness and dynamic functional neu-
ral connectivity in children and adolescents. Behavioural Brain
Research, 336,211-218. https://doi.org/10.1016/j.bbr.2017.09.010

Mestre, J. M., Turanzas, J., Garcia-Goémez, M., Guerra, J., Cordon, J.
R., De La Torre, G. G., & Lopez-Ramos, V. M. (2019). Do trait
emotional intelligence and dispositional mindfulness have a com-
plementary effect on the children’s and adolescents’ emotional
states? Frontiers in Psychology, 10, 2817. https://doi.org/10.3389/
fpsyg.2019.02817

Meynadier, J., Malouff, J. M., Loi, N. M., & Schutte, N. S. (2023).
Lower Mindfulness is Associated with Problematic Social Media
Use: A Meta-Analysis. Current Psychology. https://doi.org/10.
1007/512144-023-04587-0

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & the PRISMA
Group. (2009). Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Annals of Internal

Medicine, 151(4), 264-269. https://doi.org/10.7326/0003-4819-
151-4-200908180-00135

Morawetz, C., Bode, S., Baudewig, J., Kirilina, E., & Heekeren, H. R.
(2016). Changes in Effective Connectivity Between Dorsal and
Ventral Prefrontal Regions Moderate Emotion Regulation. Cer-
ebral Cortex, 26(5), 1923-1937. https://doi.org/10.1093/cercor/
bhv005

Moreira, H., Gouveia, M. J., & Canavarro, M. C. (2018). Is Mindful
Parenting Associated with Adolescents’ Well-being in Early and
Middle/Late Adolescence? The Mediating Role of Adolescents’
Attachment Representations, Self-Compassion and Mindfulness.
Journal of Youth and Adolescence, 47(8), 1771-1788. https://doi.
org/10.1007/s10964-018-0808-7

Pallozzi, R., Wertheim, E., Paxton, S., & Ong, B. (2017). Trait
mindfulness measures for use with adolescents: A systematic
review. Mindfulness, 8(1), 110-125. https://doi.org/10.1007/
s12671-016-0567-z

Parkinson, T. D., Kornelsen, J., & Smith, S. D. (2019). Trait mindful-
ness and functional connectivity in cognitive and attentional rest-
ing state networks. Frontiers in Human Neuroscience, 13, 112.
https://doi.org/10.3389/fnhum.2019.00112

Paus, T., Keshavan, M., & Giedd, J. N. (2008). Why do many psy-
chiatric disorders emerge during adolescence? Nature Reviews.
Neuroscience, 9(12), 947-957. https://doi.org/10.1038/nrn2513

Peters, A. T., Burkhouse, K., Feldhaus, C. C., Langenecker, S. A., &
Jacobs, R. H. (2016). Aberrant resting-state functional connectiv-
ity in limbic and cognitive control networks relates to depressive
rumination and mindfulness: A pilot study among adolescents
with a history of depression. Journal of Affective Disorders, 200,
178-181. https://doi.org/10.1016/j.jad.2016.03.059

Rahrig, H., Vago, D. R., Passarelli, M. A., Auten, A., Lynn, N. A.,
& Brown, K. W. (2022). Meta-analytic evidence that mindful-
ness training alters resting state default mode network connec-
tivity. Scientific Reports, 12(1), 12260. https://doi.org/10.1038/
$41598-022-15195-6

Rosenthal, A., Levin, M. E., Garland, E. L., & Romanczuk-Seiferth,
N. (2021). Mindfulness in Treatment Approaches for Addic-
tion—Underlying Mechanisms and Future Directions. Cur-
rent Addiction Reports, 8(2), 282-297. https://doi.org/10.1007/
$40429-021-00372-w

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C.
(2018). The age of adolescence. The Lancet Child & Adolescent
Health, 2(3), 223-228. https://doi.org/10.1016/S2352-4642(18)
30022-1

Shapiro, S. L., Brown, K. W., Thoresen, C., & Plante, T. G. (2011). The
moderation of Mindfulness-based stress reduction effects by trait
mindfulness: Results from a randomized controlled trial. Journal
of Clinical Psychology, 67(3), 267-277. https://doi.org/10.1002/
jelp.20761

Sharp, P. B., Sutton, B. P., Paul, E. J., Sherepa, N., Hillman, C. H.,
Cohen, N. J., Kramer, A. F., Prakash, R. S., Heller, W., Telzer, E.
H., & Barbey, A. K. (2018). Mindfulness training induces struc-
tural connectome changes in insula networks. Scientific Reports,
8(1), 7929. https://doi.org/10.1038/541598-018-26268-w

Solmi, M., Radua, J., Olivola, M., Croce, E., Soardo, L., Salazar de
Pablo, G., I Shin, J., Kirkbride, J. B., Jones, P., Kim, J. H., Kim, J.
Y., Carvalho, A. F., Seeman, M. V., Correll, C. U., & Fusar-Poli, P.
(2022). Age at onset of mental disorders worldwide: Large-scale
meta-analysis of 192 epidemiological studies. Molecular Psychia-
try, 27(1), 281-295. https://doi.org/10.1038/s41380-021-01161-7

Spear, L. P. (2000). The adolescent brain and age-related behavioral
manifestations. Neuroscience and Biobehavioral Reviews, 24(4),
417-463. https://doi.org/10.1016/s0149-7634(00)00014-2

Stein, J. A., Bray, S., MacMaster, F. P., Tomfohr-Madsen, L., &
Kopala-Sibley, D. C. (2022). Adolescents with high dispositional
mindfulness show altered right ventrolateral prefrontal cortex

@ Springer


https://doi.org/10.1136/ebmental-2021-300396
https://doi.org/10.1136/ebmental-2021-300396
https://doi.org/10.1080/17470919.2021.2009559
https://doi.org/10.1080/17470919.2021.2009559
https://doi.org/10.1016/j.neuroimage.2018.04.056
https://doi.org/10.1016/j.neuroimage.2018.04.056
https://doi.org/10.1007/s12144-022-02899-1
https://doi.org/10.1007/s12144-022-02899-1
https://doi.org/10.1016/j.psyneuen.2019.104405
https://doi.org/10.1016/j.psyneuen.2019.104405
https://doi.org/10.1093/scan/nst043
https://doi.org/10.1093/scan/nst043
https://doi.org/10.1007/s12671-013-0213-y
https://doi.org/10.1007/s12671-013-0213-y
https://doi.org/10.1007/s10862-007-9045-1
https://doi.org/10.1016/j.ajp.2017.11.025
https://doi.org/10.1016/j.ajp.2017.11.025
https://doi.org/10.1007/s12671-017-0770-6
https://doi.org/10.1007/s12671-017-0770-6
https://doi.org/10.1007/s12671-016-0605-x
https://doi.org/10.1007/s12671-016-0605-x
https://doi.org/10.1016/j.bbr.2017.09.010
https://doi.org/10.3389/fpsyg.2019.02817
https://doi.org/10.3389/fpsyg.2019.02817
https://doi.org/10.1007/s12144-023-04587-0
https://doi.org/10.1007/s12144-023-04587-0
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1093/cercor/bhv005
https://doi.org/10.1093/cercor/bhv005
https://doi.org/10.1007/s10964-018-0808-7
https://doi.org/10.1007/s10964-018-0808-7
https://doi.org/10.1007/s12671-016-0567-z
https://doi.org/10.1007/s12671-016-0567-z
https://doi.org/10.3389/fnhum.2019.00112
https://doi.org/10.1038/nrn2513
https://doi.org/10.1016/j.jad.2016.03.059
https://doi.org/10.1038/s41598-022-15195-6
https://doi.org/10.1038/s41598-022-15195-6
https://doi.org/10.1007/s40429-021-00372-w
https://doi.org/10.1007/s40429-021-00372-w
https://doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.1002/jclp.20761
https://doi.org/10.1002/jclp.20761
https://doi.org/10.1038/s41598-018-26268-w
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1016/s0149-7634(00)00014-2

752

Mindfulness (2024) 15:741-752

activity during a working memory task. Mindfulness, 13(1),
198-210. https://doi.org/10.1007/s12671-021-01785-4

Tang, Y.-Y., Holzel, B. K., & Posner, M. I. (2015). The neuroscience
of mindfulness meditation. Nature Reviews Neuroscience, 16(4),
213-225. https://doi.org/10.1038/nrn3916

Tang, Y.-Y., Tang, R., & Posner, M. 1. (2013). Brief meditation train-
ing induces smoking reduction. Proceedings of the National
Academy of Sciences of the United States of America, 110(34),
13971-13975. https://doi.org/10.1073/pnas.1311887110

Taren, A. A., Creswell, J. D., & Gianaros, P. J. (2013). Dispositional
Mindfulness Co-Varies with Smaller Amygdala and Caudate Vol-
umes in Community Adults. PLoS ONE, 8(5), e64574. https://doi.
org/10.1371/journal.pone.0064574

Taren, A. A., Gianaros, P. J., Greco, C. M., Lindsay, E. K., Fairgrieve,
A., Brown, K. W., Rosen, R. K., Ferris, J. L., Julson, E., Marsland,
A. L., & Creswell, J. D. (2017). Mindfulness meditation training
and executive control network resting state functional connec-
tivity: A randomized controlled trial. Psychosomatic Medicine,
79(6), 674-683. https://doi.org/10.1097/PSY.0000000000000466

Theurel, A., & Gentaz, E. (2018). The regulation of emotions in adoles-
cents: Age differences and emotion-specific patterns. PLoS ONE,
13(6), e0195501. https://doi.org/10.1371/journal.pone.0195501

Tortella-Feliu, M., Luis-Reig, J., Gea, J., Cebolla, A., & Soler, J.
(2020). An exploratory study on the relations between mindful-
ness and mindfulness-based intervention outcomes. Mindfulness,
11(11), 2561-2572. https://doi.org/10.1007/s12671-020-01471-x

Walach, H., Buchheld, N., Buttenmiiller, V., Kleinknecht, N., &
Schmidt, S. (2006). Measuring mindfulness—The Freiburg Mind-
fulness Inventory (FMI). Personality and Individual Differences,
40(8), 1543-1555. https://doi.org/10.1016/j.paid.2005.11.025

Wang, X., Xu, M., Song, Y., Li, X., Zhen, Z., Yang, Z., & Liu, J.
(2014). The network property of the thalamus in the default
mode network is correlated with trait mindfulness. Neurosci-
ence, 278, 291-301. https://doi.org/10.1016/j.neuroscience.
2014.08.006

Wang, Y., Xu, W., Zhuang, C., & Liu, X. (2017). Does Mind Wan-
dering Mediate the Association Between Mindfulness and Nega-
tive Mood? A Preliminary Study. Psychological Reports, 120(1),
118-129. https://doi.org/10.1177/0033294116686036

Waszczuk, M. A., Zavos, H. M. S., Antonova, E., Haworth, C. M.,
Plomin, R., & Eley, T. C. (2015). A multivariate twin study of

@ Springer

trait mindfulness, depressive symptoms, and anxiety sensitivity.
Depression and Anxiety, 32(4), 254-261. https://doi.org/10.1002/
da.22326

Wimmer, L., Bellingrath, S., & von Stockhausen, L. (2020). Mind-
fulness training for improving attention regulation in university
students: Is it effective? and Do Yoga and Homework Matter?
Frontiers in Psychology, 11, 719. https://doi.org/10.3389/fpsyg.
2020.00719

Yang, C.-C., Barrés-Loscertales, A., Li, M., Pinazo, D., Borchardt, V.,
Avila, C., & Walter, M. (2019). Alterations in brain structure and
amplitude of low-frequency after 8 weeks of mindfulness medita-
tion training in meditation-naive subjects. Scientific Reports, 9(1),
10977. https://doi.org/10.1038/s41598-019-47470-4

Young, K. S., van der Velden, A. M., Craske, M. G., Pallesen, K. J.,
Fjorback, L., Roepstorff, A., & Parsons, C. E. (2018). The impact
of mindfulness-based interventions on brain activity: A systematic
review of functional magnetic resonance imaging studies. Neuro-
science & Biobehavioral Reviews, 84, 424—433. https://doi.org/
10.1016/j.neubiorev.2017.08.003

Zang, Y., Jiang, T., Lu, Y., He, Y., & Tian, L. (2004). Regional homo-
geneity approach to fMRI data analysis. Neurolmage, 22(1), 394—
400. https://doi.org/10.1016/j.neuroimage.2003.12.030

Zeidan, F., Emerson, N. M., Farris, S. R., Ray, J. N., Jung, Y., McHaffie, J.
G., & Coghill, R. C. (2015). Mindfulness meditation-based pain relief
employs different neural mechanisms than placebo and sham mindful-
ness meditation-induced analgesia. Journal of Neuroscience, 35(46),
15307-15325. https://doi.org/10.1523/INEUROSCI.2542-15.2015

Zimmaro, L. A., Salmon, P., Naidu, H., Rowe, J., Phillips, K., Rebholz,
W. N., Giese-Davis, J., Cash, E., Dreeben, S. J., Bayley-Veloso, R.,
Jablonski, M. E., Hicks, A., Siwik, C., & Sephton, S. E. (2016).
Association of dispositional mindfulness with stress,cortisol, and
well-being among university undergraduate students. Mindful-
ness, 7(4), 874-885. https://doi.org/10.1007/s12671-016-0526-8

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


https://doi.org/10.1007/s12671-021-01785-4
https://doi.org/10.1038/nrn3916
https://doi.org/10.1073/pnas.1311887110
https://doi.org/10.1371/journal.pone.0064574
https://doi.org/10.1371/journal.pone.0064574
https://doi.org/10.1097/PSY.0000000000000466
https://doi.org/10.1371/journal.pone.0195501
https://doi.org/10.1007/s12671-020-01471-x
https://doi.org/10.1016/j.paid.2005.11.025
https://doi.org/10.1016/j.neuroscience.2014.08.006
https://doi.org/10.1016/j.neuroscience.2014.08.006
https://doi.org/10.1177/0033294116686036
https://doi.org/10.1002/da.22326
https://doi.org/10.1002/da.22326
https://doi.org/10.3389/fpsyg.2020.00719
https://doi.org/10.3389/fpsyg.2020.00719
https://doi.org/10.1038/s41598-019-47470-4
https://doi.org/10.1016/j.neubiorev.2017.08.003
https://doi.org/10.1016/j.neubiorev.2017.08.003
https://doi.org/10.1016/j.neuroimage.2003.12.030
https://doi.org/10.1523/JNEUROSCI.2542-15.2015
https://doi.org/10.1007/s12671-016-0526-8

	Dispositional Mindfulness and Neural Activity in Youth: A Systematic Review
	Abstract
	Objectives 
	Method 
	Results 
	Conclusions 
	Preregistration 

	Method
	Eligibility criteria
	Search strategy and study selection
	Data extraction
	Data analyses
	Public and patients' involvement

	Results
	Search Results
	Summary of Functional MRI Recording and Analysis
	Behavioral Results
	Dispositional Mindfulness and Resting State Activity 
	Single Facet: MAAS
	Multifaceted: CAMM, FFMQ


	Discussion
	Limitations and Future Directions

	Acknowledgements 
	References


