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Abstract

Mindfulness refers to attending to moment-to-moment experiences with acceptance and no judgment. Several
scales have been developed to quantify different components of mindfulness. The Mindful Attention Awareness
Scale (MAAS) is particularly sensitive to trait mindfulness and is proposed to measure the attentional component
of mindfulness. The purpose of this study was to identify the neural correlates of the MAAS in four resting-state
networks related to attention—the default mode network (DMN), the salience network (SN), and the left and
right central executive network (CEN). Thirty-two university students naive to mindfulness completed the
MAAS and later underwent a resting-state functional magnetic resonance imaging scan. Resting-state data
were analyzed using an independent component analysis; the scores from the MAAS were covaried to the con-
nectivity maps in an analysis of covariance. The results indicate that variations in MAAS scores correlated with
variations in functional connectivity patterns in resting-state networks. Specifically, within the SN and CEN, the
MAAS was negatively correlated with functional connectivity in the precuneus, even though the precuneus is a
key component of the DMN. Negative correlations in the DMN between the MAAS and the insula and negative
correlations in the SN between the MAAS and the posterior cingulate cortex were also observed. These results
suggest that MAAS scores (1) are correlated with the functional connectivity of several brain structures related to
attention and (2) involve cross-network functional connectivity.
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Introduction Mindfulness can be further divided into two broad catego-
ries: state and trait mindfulness. State mindfulness is a mea-
MINDFULNESS IS DEFINED as purposeful attention to sure of how mindful someone is in the present moment and
moment-to-moment experiences with an accepting reflects a more transient, moment-to-moment experience of
and nonjudgmental stance (Brown and Ryan, 2003; Kabat- mindfulness (Tanay and Bernstein, 2013). Trait mindfulness,
Zinn, 1994, 2003). Mindfulness originates from Eastern tradi- in contrast, is defined as an individual’s natural or innate
tions grounded in Buddhist meditative practice (Kabat-Zinn, mindfulness tendency, which has been perceived as a stable,
1994; Thera, 2014); however, in more recent years, mindful- permanent characteristic (Brown and Ryan, 2003). The con-
ness has been introduced into Western cultures in a more sec-  struct of trait mindfulness is multifaceted, including the abil-
ular form. Various mindfulness-based programs exist to teach ity to attend to and describe current experiences, the ability
individuals the skills and techniques required to practice mind-  to have focused and sustained attention (Baer et al., 2004),
fulness. Indeed, it has been implemented as a noninvasive and the ability to have continuous openness and receptive
training course or treatment for various healthy (Goodman awareness to these experiences (Brown and Ryan, 2003).
and Schorling, 2012) and patient populations, including anx- One validated and commonly used measure of trait mind-
ious (Goldin et al., 2009) and depressed individuals (Hofmann fulness is the Mindful Attention Awareness Scale (MAAS;
et al., 2010), as well as experimentally induced (Bilevicius Brown and Ryan, 2003). The MAAS is proposed to be a
etal., 2016; Lutz et al., 2013; Zeidan et al., 2015) and chronic  one-dimensional scale that measures the attentional compo-
pain (Kabat-Zinn et al., 1985; la Cour and Petersen, 2015). nent of mindfulness, but not the nonjudgmental component
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(Brown and Ryan, 2003). Given the frequency with which
the MAAS is used in empirical studies (e.g., Cho et al.,
2016; Shin et al., 2016), a thorough understanding of the neural
structures—and networks of neural structures—associated
with MAAS scores would be beneficial.

Functional neuroimaging has allowed researchers to delin-
eate the neural substrates of many of the characteristics related
to trait mindfulness, including the attentional components
measured by the MAAS. Indeed, cortical and subcortical
regions of the brain have been linked with attentional,
emotional-regulation, and sensory-integration functions
that make up the multifaceted trait of mindfulness (Cres-
well et al., 2007; Ives-Deliperi et al., 2011). For example,
a task-based study by Creswell and colleagues (2007)
revealed that the MAAS was associated with greater activ-
ity in the medial prefrontal cortex (mPFC). They concluded
that the negative relationship observed between mPFC and
amygdala activation was due to the increased attention in-
volved in their affect-labeling task. This finding demon-
strates that the MAAS is able to tap into the attentional
component of mindfulness and suggests that focused atten-
tion is important in trait mindfulness.

The neural substrates of the attentional component of mind-
fulness are not limited to the mPFC and amygdala, however.
Activity in the anterior cingulate cortex (ACC) has been linked
to both attentional and emotional processes (Bush et al., 2000;
Veen and Carter, 2006). Indeed, Ives-Deliperi and colleagues
(2011) found that participants who underwent a mindfulness
intervention and scored high on the Five-Facet Mindfulness
Questionnaire (FFMQ); Baer et al., 2006) had a reduction in
ACC activity. Given that three of the five factors assessed by
the FFMQ involve attention in some form (observe, act with
awareness, and nonreact items), this altered ACC response
is noteworthy. Finally, increased posterior cingulate cortex
(PCC) is associated with present moment awareness during
meditation (Ives-Deliperi et al., 2011) Taken together, these
results suggest that state mindfulness—corroborated by
FFMQ scores—is associated with altered patterns of activity
in several brain regions associated with attention, including
the mPFC, amygdala, ACC, and PCC. However, less is
known about the neural substrates underlying the attentional
component of trait mindfulness.

Many of the neural structures that are active during task-
based studies of mindfulness are also key nodes in some of
the brain’s resting-state networks (Brewer et al., 2011; Gard
etal., 2012; Ives-Deliperi et al., 2011). Therefore, an examina-
tion of resting-state networks could provide important insights
into the neural substrates of trait mindfulness. Resting-state
networks comprise brain structures with activity that is highly
correlated over a period of time when the brain is at rest; this is
referred to as functional connectivity. The best-known resting-
state network is the default mode network (DMN), which
comprises the mPFC, lateral parietal cortex, PCC, and precu-
neus (Christoff et al., 2016; Raichle, 2015; Raichle et al.,
2001). The DMN is functionally active when an individual
is not attending to an external stimulus or performing a de-
manding cognitive task. It is also active during mind wander-
ing, which is essentially the opposite of being in a focused,
mindful state (Beckmann et al., 2005; Fox and Raichle, 2007).

Previous studies have identified the neural correlates of trait
mindfulness within the DMN. For example, Wang and col-
leagues (2014) used a region-of-interest (ROI) analysis to
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identify the role of the DMN in relation to trait mindfulness
and found weakened functional connectivity between the thal-
amus and PCC. In a post hoc graph-based analysis, they found
that all of the graph-based relationships for the significant neg-
ative relationship of the DMN and trait mindfulness were pre-
dictive for the thalamus, not the PCC. Another study that
examined the relationship between the DMN and trait mindful-
ness in older adults found that trait mindfulness was associated
with increased functional connectivity between the dorsal PCC
and the precuneus (Shaurya Prakash et al., 2013). Finally, a
study by Kong and colleagues (2016) reported that trait mind-
fulness was positively correlated with regional homogeneity of
activity in the right insula, left parahippocampal gyrus, and left
orbitofrontal cortex; it was negatively correlated with regional
homogeneity in the right inferior frontal gyrus, an area related
to attentional control and response inhibition. Together, these
studies suggest that the functional connectivity of brain regions
related to attention is likely altered as a function of trait mind-
fulness. The diverse regions of activity also suggest that an
analysis of additional brain networks would provide novel in-
sight into how mindfulness influences attentional functioning.

In this study, we examined the relationship between trait
mindfulness, as measured by the MAAS, and four prominent
resting-state networks: the DMN, the salience network (SN),
and the left and right central executive networks (ICEN and
rCEN). The ICEN and rCEN are characterized by functional
connectivity between groups of neurons in the dorsal lateral
PFC and are associated with cognitive tasks such as decision-
making and information processing (Rosazza and Minati,
2011; Seeley et al., 2007), both of which are important for
the attentional component of mindfulness. Although function-
ally and anatomically similar, the ICEN and rCEN often ap-
pear as separate components (networks) when resting-state
data are analyzed. The SN has been defined by activity within
the insula and ACC (Menon, 2015) and is important for the
integration of sensory information (Seeley et al., 2007). It
has recently been proposed to be a ““switch’ between the ac-
tivation of the DMN and the CEN (Goulden et al., 2014,
Menon, 2015). In mindfulness, detecting and attending to im-
portant, salient information is referred to as purposeful atten-
tion; this process is likely influenced by the function of the SN.
Given that the functions of the SN and CEN both have clear
relevance to mindfulness, an examination of how the func-
tional connectivity of these networks relates to trait mindful-
ness will provide novel information about the neural
substrates of this personality characteristic.

Examining how functional connectivity is influenced by
MAAS scores will also help corroborate the view that the
MAAS is sensitive to the attentional components of mindful-
ness. Although the current research utilizes an independent
component analysis (ICA) approach to resting-state data
analysis—an approach that is data driven and ‘‘model
free’’—our examination of previous functional magnetic res-
onance imaging (fMRI) investigations of mindfulness does
allow us to develop several hypotheses. Based on the litera-
ture, the interoceptive portion of mindfulness should be
reflected as a negative correlation between MAAS scores
and functional connectivity in the PFC within the DMN
(Brewer et al., 2011; Josipovic, 2014). The awareness por-
tion of mindfulness should be reflected as a positive correla-
tion between MAAS scores and functional connectivity in
the two main nodes of the SN, the ACC (Manna et al.,
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2010) and the insula (Hasenkamp and Barsalou, 2012). This
would be consistent with the awareness function of this net-
work (Menon, 2015). Finally, the focused attention compo-
nent of mindfulness should be represented as positive
correlations between the MAAS and the functional connec-
tivity of frontal regions of the brain that make up the ICEN
and rCEN (Hasenkamp and Barsalou, 2012).

Materials and Methods
Participants

Thirty-two nonmeditating students enrolled in Introduc-
tory Psychology at The University of Winnipeg participated
in the study (10 males, 22 females; mean age=18.16 years;
SD=1.08; age range 18-22 years). Data surrounding their
awareness of mindfulness from popular culture are unknown;
however, the aim of the study is to understand #rait mindfulness,
which is an intrinsic representation that should be unaltered by
media. All participants completed magnetic resonance safety
screening before scanning. The study was approved by the Uni-
versity of Winnipeg Research Ethics Board and the National
Research Council Ethics Board, and written informed consent
was obtained from all participants before participation. Partici-
pants received a $25 honorarium for their participation.

Psychological measures

During a session before the scanning date, participants
completed the MAAS (Brown and Ryan, 2003). By definition,
the MAAS is proposed to measure one of the two key compo-
nents of mindfulness: attention. This 15-item questionnaire
includes statements such as ‘I rush through activities without
being really attentive to them’” and ‘I find myself doing things
without paying attention.” Participants independently rated
items on a 6-point Likert scale from 1 (almost always) to 6 (al-
most never). Items on the MAAS are reverse scored; higher
scores indicate high trait mindfulness. The MAAS has been
demonstrated to have good internal consistency (o=0.85)
and test retest reliability (r=0.81) (Brown and Ryan, 2003).

Study paradigm

A 3D high-resolution anatomical magnetic resonance imag-
ing was acquired for all participants after the initial localizer.
After the anatomical scan, a 7-min resting-state scan was run
to obtain the functional data. Participants were instructed to
lay still with their eyes closed without falling asleep for the
entire scanning session. All participants reported to have
remained awake during the scanning session.

Data acquisition

Data were collected using a 3T Siemens TRIO MRI scanner
(Siemens, Erlangen, Germany). For coregistration of func-
tional data, high-resolution T1-weighted gradient-echo images
were acquired using an MP-RAGE sequence (1 mm slice thick-
ness, 0 gap, repetition time [TR]/echo time [TE]=1900/
2.2 msec, in plane resolution 0.94 x 0.94 mm, 256 X 256 matrix,
field of view [FOV] 24 cm).

The fMRI component of the study was collected using con-
ventional blood oxygenation level dependent imaging tech-
niques. Resting-state fMRI data were acquired with a whole
brain echo planar imaging sequence. This 7-min scan con-
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sisted of 140 volumes and was acquired using the following
parameters: 3 mm slice thickness, 0 gap, TR/TE=3000/
30 msec, flip angle=90°, 64 X 64 matrix, FOV 24 cm.

Data analysis

Imaging data preprocessing and statistical analyses were
performed with BrainVoyager QX 2.8 software (Brain Inno-
vation BV, Maastricht, The Netherlands). The preprocessing
of functional data began with a trilinear/sync interpolation 3D
motion correction. Motion in the three translations and three
rotations was then regressed out from the data before further
analyses. Preprocessing included slice scan correction, tempo-
ral filtering, and spatial smoothing (8§ mm full-width half-
maximum Gaussian filter), followed by coregistration of the
functional data to the anatomical data in native space. The
high-resolution anatomical data were manually spatially nor-
malized by warping the data into the standardized Talairach
space. After the normalization, the anatomical and prepro-
cessed functional data were linked and the functional volume
time course data were warped to Talairach space.

Single-subject ICA was carried out with the fast ICA algo-
rithm (Hyvarinen and Oja, 2000) for all 32 participants to reveal
correlated neural activity fluctuations. During this initial step, 20
independent components (ICs) for all 32 subjects were extracted
from the data. To perform a grouped analysis, a group-level
ICA was completed using the self-organizing group-level ICA
(Sog-ICA; Esposito et al., 2005) plugin. In this step, the most
similar ICs for all 32 participants were clustered in a hierarchical
process at the group level, resulting in a final set of 20 ICs.
These 20 components were visually inspected to identify the
DMN, SN, ICEN, and rCEN. These networks were verified
by ensuring correspondence between the Talairach coordina-
tes of the functionally connected voxels in our data with brain
regions identified in previous studies for each network (Rosazza
and Minati, 2011; Shirer et al., 2012). The four IC maps were
converted to volumes of interest (VOIs), which provided output
including the peak coordinate of each cluster within each IC, the
number of active voxels in each cluster, and the ¢-value of the
observed clusters. This output was then entered into Talairach-
Daemon software (www.talairach.org/daemon.html), which
provided the anatomical label for the peak coordinate of each
cluster and the Brodmann areas (BAs), if applicable.

To determine the relationship between trait mindfulness and
the functional connectivity in the four resting-state networks,
individual scores from the MAAS were entered as covariates
in an analysis of covariance (ANCOVA) for each network,
that is, each of the four ICs. The four resulting brain maps
show a correlation between MAAS scores and the average
time series in every voxel in each IC map. These maps charac-
terize the trait mindfulness representation in the DMN, SN,
rCEN, and 1CEN. The resulting cluster maps were corrected
with a Monte Carlo cluster threshold estimator correction plu-
gin at 1000 iterations, a technique used to reduce the likelihood
of obtaining a false positive, and evaluated at p =0.05. Finally,
these cluster maps were converted to VOIs, which provided
output including the peak coordinate for each cluster in the
maps, the number of active voxels in each cluster, and the -
value of the observed clusters. This output was then entered
into Talairach-Daemon software (www.talairach.org/daemon
.html), which provided the anatomical name of the peak co-
ordinate of each cluster and the BAs, if applicable.
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Results
Psychological measures

The MAAS was scored according to its standardized
method. Each individual score was recorded, with higher
scores representing higher trait mindfulness. These scores
were later used in the ANCOVA (mean=3.95; SD=0.56;
range=2.73-5.07).

Identification of resting-state networks

The resting-state networks were identified in the group-
level data before being covariated with mindfulness scores
(Table 1). As already noted, the DMN and SN were identified
as single components, whereas the CEN was detected as two
separate components, the ICEN and the rCEN (Fig. 1).

DMN functional connectivity

Data were analyzed in the four a priori networks already
mentioned. Table 2 outlines the functionally connected
brain regions that are correlated with the MAAS and their
corresponding BAs, Talairach coordinates of the peak clus-

43

ters, cluster sizes, and corresponding r and p values. Within
the DMN, MAAS scores were positively correlated with
functional connectivity in the right parahippocampal gyrus
(BA 36), as well as in the left caudate and right medial frontal
gyrus (MFG; BA 10; see Fig. 2). In contrast, MAAS scores
were negatively correlated with functional connectivity in
the left MFG (BA 32), left superior temporal gyrus (STG;
BA 38), and left insula (BA 13). Of note, the MFG and
STG are key components of the DMN, whereas the insula
is a major component of the SN.

SN functional connectivity

In the SN, left insula (BA 13) was positively correlated
with the MAAS. The right cuneus cluster (BA 18) was the
largest and most significant cluster that was negatively corre-
lated with the MAAS. This cluster encompasses the precu-
neus, which is a key component of the DMN (Fig. 2).

Central executive network functional connectivity

The Sog-ICA identified two separate lateralized CEN
components, the ICEN and the rCEN. These components

TABLE 1. TALAIRACH COORDINATES OF RESTING-STATE NETWORKS

Talairach coordinates

Region Hemisphere Gyrus BA X Y Z Cluster size t
DMN
Limbic Left Cingulate 31 -3 —40 31 45602 14.30
Left Parahippocampal -21 —-16 —14 2121 6.81
Frontal Right Inferior frontal 48 5 22 794144 4.60
Left Medial frontal 10 -3 53 10 118250 12.71
Temporal Right Middle temporal 57 8§ =23 22622 7.34
Left Middle temporal -60 —-10 —14 30727 7.87
Left Middle temporal —48 —64 28 19655 8.79
Parietal Right Angular 45 -6l 31 6232 7.02
Sublobar Left Thalamus -3 -10 7 763 4.31
SN
Limbic Right Uncus 38 21 8§ 38 802 3.99
Left Parahippocampal -21 —40 4 1305 4.86
Temporal Right Subgyral 24 —43 1 1836 7.36
Left Inferior temporal 20 —-60 -—-16 20 660 4.26
Right Superior temporal 22 69 37 14 789 4.05
Occipital Right Cuneus 21 —67 10 1046 4.34
Sublobar Left Insula =30 -10 16 269947 10.07
Left Subgyral -18 —-49 -29 20888 6.13
rCEN
Frontal Right Middle frontal 42 23 47 82511 12.08
Parietal Right Supramarginal 60 —49 31 51311 7.95
Left Inferior parietal 40 —45  —46 40 1085 3.97
Posterior Left Tuber -33 —-67 -29 8482 5.24
No gray matter found 48 8 36 551 4.71
ICEN
Frontal Left Middle frontal 8 —42 23 47 60601 8.00
Temporal Left Inferior temporal —57 -7 =29 1670 4.45
Sublobar Left Extranuclear —15 5 19 315 3.80
Posterior Right Inferior semilunar lobule 30 -70 —41 2138 5.07
No gray matter found -67 =37 -—11 52042 7.87

Peak coordinates for the four resting-state networks. Cluster size notes number of active voxels within the cluster; 7 statistic was significant

at p<0.001.

BA, Brodmann area; DMN, default mode network; ICEN, left central executive network; rCEN, right central executive network; SN, sa-

lience network.
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FIG. 1. Identification of
resting-state networks (A)
DMN, (B) SN, (C) rCEN, (D)
ICEN on a Talairach brain
(N=32). DMN, default mode
network; 1CEN, left central
executive network; rCEN,
right central executive net-
work; SN, salience network.

were run through separate ANCOVAs. The ANCOVA pro-
duced similar patterns of data for the ICEN and rCEN. The
MAAS was positively correlated with functional connectiv-
ity in the right middle frontal gyrus in both the rCEN (BA 10/
6) and ICEN (BA 6; see Fig. 2). Negative correlations be-
tween the MAAS and functional connectivity in the left
cuneus (BA 18) and precuneus (BA 31) were found in the
rCEN and ICEN, respectively. It is interesting to note that
key components of the DMN network appear to be correlated
within both the rCEN and 1CEN.

Discussion

This study examined how scores on the MAAS, a question-
naire sensitive to the attentional component of mindfulness,
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related to differences in the functional connectivity of four
common resting-state networks. In the DMN, the MAAS
was negatively correlated with functional connectivity in
the left middle and left inferior frontal gyri. The SN revealed
significant positive correlations of functional connectivity in
the ACC and the left insula. Both the rCEN and 1CEN dem-
onstrated positive correlations with functional connectivity
in the right middle frontal gyrus. These data suggest that
many of the brain regions whose functional connectivity
covaries with MAAS scores are also involved in attention
to moment-to-moment experiences.

The DMN is a resting-state network that has been associ-
ated with activity in brain regions, such as the medial frontal
and STQ, lateral parietal cortex, PCC, and the precuneus
(Buckner et al., 2008; Raichle, 2015). In this study, MAAS
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TABLE 2. TALAIRACH COORDINATES OF CORRELATIONS BETWEEN TRAIT MINDFULNESS
AND FUNCTIONAL CONNECTIVITY OF RESTING-STATE NETWORKS
Talairach Coordinates
Region Hemisphere Gyrus BA X Y Z  Cluster size r p
DMN
Limbic Right Parahippocampal 36 39 =25 -—11 7012 0.62 0.000132
Frontal Right Medial frontal 10 21 50 7 8106 0.54 0.001294
Left Medial frontal 32 -6 8 43 9654 —0.66  0.000043
Left Subgyral —24 44 1 3032 0.49 0.004717
Temporal Left Superior temporal 38 —30 17 =29 1806 —0.47 0.006783
Left Caudate -39 —40 4 3438 0.60 0.000264
Parietal Left Postcentral 3 24 28 52 1793 —0.50 0.003472
Sublobar Left Insula 13 —48 5 7 3531 —0.62 0.000168
SN
Occipital Right Cuneus 18 9 -73 16 15708 —0.70  0.000007
Temporal Right Inferior temporal 20 63 —-19 -23 4638 —0.59 0.000357
Sublobar Left Insula 13 —42 —40 25 4842 0.60 0.000279
No gray matter found 33 26 19 5650 0.55 0.001211
No gray matter found -30 14 19 5768 0.62 0.000176
rCEN
Limbic Right Cingulate 23 6 —25 28 2790 0.46  0.008698
Frontal Right Precentral 9 45 23 37 4405 0.63 0.000105
Right Middle frontal 10 43 47 =2 6199 0.64 0.000081
Left Superior frontal 6 —12 20 52 2890 —0.58 0.000449
Occipital Left Cuneus 18 -3 =73 19 4867 —0.55 0.001157
Temporal Right Supramarginal 40 48 —49 19 9232 0.59 0.000400
Right Middle temporal 21 54 —-19 -8 3444 0.68 0.000017
Right Caudate 36 31 4 2362 —0.48 0.005011
Left Subgyral -39 -34 -2 13706 —0.71 0.000006
Sublobar Right Caudate 18 20 13 16023 —0.63 0.000112
Posterior Left Declive -24 —67 -20 6811 0.50 0.003339
Left Inferior semilunar 0 —-58 —42 2786 0.57 0.000657
No gray matter found =27 -10 37 9169 —0.69 0.000013
ICEN
Frontal Right Middle frontal 6 30 -7 55 17179 0.66  0.000039
Left Medial frontal 10 —12 59 7 9580 —0.60 0.000252
Left Inferior temporal -51 —-10 -23 2896 —0.45 0.009705
Parietal Left Precuneus 31 —-12 -58 34 8784 —-0.61 0.000191
Right Precuneus 7 27 —64 28 17798 0.62 0.000166
Sublobar Left Caudate —18 11 13 4171 0.60 0.000313
Right Lentiform nucleus 21 5 10 5005 0.59 0.000403
No gray matter found —45 —46 10 7946 —0.67 0.000031

Peak coordinates of resting-state networks covaried with MAAS scores.

MAAS, Mindful Attention Awareness Scale.

scores were negatively correlated with functional connectiv-
ity in the MFG, a key node of the DMN, which is consistent
with existing literature (Doll et al., 2015; Hasenkamp and Bar-
salou, 2012). Interestingly, the medial frontal region of the
DMN has also been linked with mind wandering (Buckner
et al., 2008; Mason et al., 2007; Smallwood and Schooler,
2006, 2015). Mind wandering is often defined as the fluid
shift from thoughts to events in the environment; mindfulness,
in contrast, has been associated with present-moment awareness
and focused attention (Brown and Ryan, 2003; Kabat-Zinn,
2003). The fact that MAAS scores were negatively correlated
with functional connectivity in the DMN—particularly in the
left MFG and left STG—is, therefore, consistent with these
complementary areas of research.

The DMN can be divided into separate subcomponents:
anterior DMN and posterior DMN. The main node of the an-
terior DMN is the mPFC, and its function is associated with

self-referential processing (Andrews-Hanna et al., 2010). In
contrast, the posterior DMN is made up of the PCC and pre-
cuneus, which are more associated with conscious process-
ing and affective responses to environmental stimuli (Vogt
and Laureys, 2005). In our DMN results, MAAS scores
were negatively correlated with functional connectivity in
the medial and middle frontal gyri. Looking across the re-
sults from all four networks, MAAS scores were negatively
correlated with functional connectivity in the precuneus
and cuneus within the 1CEN, rCEN, and SN; in other
words, key components of the DMN were negatively corre-
lated with the functional connectivity of the other three net-
works. This is consistent with Doll and colleagues (2015),
who found a significant decoupling between the anterior
and posterior components of the DMN with relation to the
MAAS. Going one step further, our results are also consistent
with Hasenkamp and Barsalou (2012), who noted the
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FIG. 2. Functional connec-
tivity covaried with mindful-
ness scores in the (A) DMN,
(B) SN, (C) rCEN, (D) ICEN
on a Talairach brain. Dis-
played are the brain regions
with positively correlated
functional connectivity
depicted with orange voxels
and regions with negatively
correlated functional connec-
tivity depicted with blue
voxels.

importance between the interaction of the DMN and CEN in
the focusing on present experiences.

The SN has also been associated with mindfulness, specif-
ically in terms of the integration of sensory information (See-
ley et al., 2007). The SN has recently been proposed to play a
role in the switching of activation between the DMN and CEN
(Goulden et al., 2014; Sridharan et al., 2008). In terms of
mindfulness, the SN may be important for the switch between
less mindful states (e.g., mind wandering) and increased atten-
tion to sensations and experiences. The results of this study re-
veal that the MAAS is positively correlated with functional
connectivity in the left ACC and negatively correlated with
functional connectivity in the right precuneus. The increase
in functional connectivity of the ACC is consistent with previ-
ous research, showing that meditation is related to increased
theta activity in ACC neurons (Tang et al., 2009), increased
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‘ 75
: 0.35;
3 r(30)

p(Bonf) < 1.000 p < 0.049995

p < 0.049995

p{Bonf) < 1.000

density of white matter pathways related to the ACC (Tang
etal.,2012), and an overall improvement in attentional control
(Tang et al., 2007). The results of this research, therefore, in-
dicate that individuals who have high trait mindfulness (as
measured by the MAAS) have greater functional connectivity
in a neural region that is altered by meditation training.

In this study, the CEN was divided into two separate com-
ponents, the rCEN and the 1CEN. Interestingly, the patterns
of functional connectivity within the rCEN and ICEN were
quite similar. Specifically, the MAAS was positively corre-
lated with functional connectivity in the middle frontal
gyrus in both the rCEN and ICEN, and negatively correlated
with functional connectivity in the cuneus in the rCEN and
precuneus in the ICEN. The bilateral correlations observed
here provide a novel finding about the potential relationship
between mindfulness and executive functioning/attentional
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abilities. Future studies linking resting-state functional con-
nectivity with behavioral assessments of executive function-
ing and attentional processing would help clarify this point.

It is worth noting the relationship of functional connectivity
between various resting-state networks, or what is referred to as
cross-network connectivity. Cross-network connectivity iscom-
monly observed when key nodes of one network appear within
a separate network (e.g., if the insula emerged in a functional
connectivity map of the DMN). In the current data, cross-
network connectivity was observed between the DMN and
SN as well as between the DMN and CEN. However, this
study is limited by the lack of quantitative measures of the
cross-network functional connectivity. The use of the Sog-
ICA for producing the functional connectivity maps allowed
us to detect all of the significant correlations in the brain’s func-
tional connectivity, rather than focusing solely on the connec-
tivity of preselected seed regions. The original hypotheses
surrounded the functional connectivity correlations within
each network; however, we observed unanticipated cross-
network functional connectivity results. As a result, this article
can only report quantitative measures for the correlations of
the MAAS and functional connectivity within each network
and then speculate about the observed patterns of between-
network, cross-network, functional connectivity correlations.

There is controversy about the use of the MAAS as a mea-
sure of trait mindfulness (Medvedev et al., 2016; Van Dam
et al., 2010). One of the main criticisms to arise is that the
MAAS does not provide a complete definition of mindful-
ness (i.e., the nonjudgment component) and lacks the ability
to accurately and adequately differentiate between varying
levels of trait mindfulness. However, the developers of the
MAAS noted that the focus of this scale is solely on the at-
tention and awareness component of mindfulness (Brown
and Ryan, 2003). As such, the conclusions about mindfulness
drawn from this study focus on this component.

Conclusion

In conclusion, our study demonstrates that scores on the
MAAS are correlated with specific patterns of functional con-
nectivity in the DMN, SN, 1CEN, and rCEN. The MAAS had
negative correlations with functional connectivity of key com-
ponents of the DMN and a positive correlation with functional
connectivity of the ACC in the SN. Surprisingly, trait mindful-
ness was associated with a large amount of cross-network
functional connectivity, which was not anticipated at the out-
set of this study. The results of this whole-brain data-driven
approach will inform ROI hypothesis development for future
seed-based analyses. Future research will compare the neural
correlates obtained with the MAAS, which focuses on the at-
tentional component, with those of another well-established
mindfulness questionnaire, the FFMQ, which focuses on act-
ing with awareness, and includes additional components such
as nonjudging and nonreactivity.
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