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Mindfulness disposition and default-mode network
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An extensive body of research defines the default-mode network (DMN) to be one of the critical networks of the human brain, playing a pivotal functional
role in processes of internal mentation. Alterations in the connectivity of this network as a function of aging have been found, with reductions associated
with functional ramifications for the elderly population. This study examined associations between integrity of the DMN and trait levels of mindfulness
disposition, defined by our ability to exert attentional and emotional control in the present moment, and, thereby, bring awareness to immediate
experiences. Twenty-five older adults participated in the study and underwent a brief functional magnetic resonance imaging session and filled out
questionnaires related to their overall health and mindfulness disposition. Mindfulness disposition was associated with greater connectivity of the DMN,
specifically, in the dorsal posterior cingulate cortex and the precuneus. Mindfulness disposition, thus, explains variance in the connectivity of one of the
more intrinsic networks of the human brain, known to be critical for promoting self-relevant mental explorations and building cognitive and affective

control.
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INTRODUCTION

The supersonic rise of technology has fostered a modern day lifestyle
characterized by digital connectivity, fast-paced intercommunication
and constant hustle and bustle, both in the workplace and home life.
The constant ‘doing’ and ‘multi-tasking’ that typifies day-to-day life in
the modern age has the potential to not only diminish the richness of
our experiences but also reduce focused attention to the present,
waking moments of our lives. Mindfulness is becoming increasingly
popular both in the scientific world and the general public for its
potential to provide an alternate mode of ‘being’ (Williams, 2010).
Defined as the ability to experience the present moment in its entirety,
mindfulness involves paying attention to internal and external phe-
nomena as they unfold, moment by moment (Kabat-Zinn, 1994),
and is, thus, distinguished by its direct diametric association with tan-
gential, mind-wandering behavior (Mrazek et al., 2012). Although the
study of mindfulness is still in its infancy, both cross-sectional studies,
treating mindfulness disposition as an individual difference variable
(Way et al., 2010), and randomized controlled trials, designed to
teach the principles and practice of mindfulness, have been conducted
(Jha et al., 2007; Goldin and Gross, 2010) to examine the impact of
mindfulness on affective and cognitive functioning, along with general
well-being.

Expert meditators have been found to perform significantly better
than novices on tasks of selective and sustained attention (Moore and
Malinowski, 2009; van den Hurk et al., 2010), show greater gray matter
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volumes in the prefrontal and temporal cortices (Holzel et al., 2008;
Luders et al, 2009), and greater cortical thickness in the frontal
cortices and the anterior insula (Lazar et al., 2005). Furthermore, prac-
titioners of Zen meditation have also been shown to counter normal
age-related decline in sub-cortical gray matter volume, thus providing
preliminary support for the role of meditation and mindfulness prac-
tices as a putative buffer against the neurobiological cascades of aging
(Pagnoni and Cekic, 2007). Cross-sectional examinations of mindful-
ness disposition in healthy young adults also provide evidence for a
positive association between trait levels of mindfulness disposition and
an efficient neural recruitment of the cortico-subcortico circuitry
engaged in emotional regulation (Creswell et al, 2007; Way et al,
2010). Extending these findings, randomized controlled studies have
found such training programs to be prophylactic for enhancing posi-
tive mood (Ortner ef al, 2007) and emotional regulation (Goldin and
Gross, 2010), decreasing perseverative cognition and overall negative
affect (Kuyken et al, 2008; Craigie and Nathan, 2009) and increasing
working memory and attentional capacities (Jha et al, 2007, 2010).
Taken together, these results lend preliminary support for the prophy-
laxis afforded by mindfulness interventions for both cognitive and
emotional control, influencing behavior and neural functioning.

In this study, our goal was to examine the association between
mindfulness disposition, as assessed by the Mindfulness Attention
and Awareness Scale (MAAS; Brown and Ryan, 2003), and connectiv-
ity of one of the more critical networks of the human brain, the
default-mode network (DMN), in community-dwelling older adults.
The DMN peaked the curiosity of the scientific world after a seminal
meta-analysis published by Shulman et al. (1997), where they noted a
set of midline cortical regions to show consistent deactivation across
tasks and populations. A decade of scientific exploration on the func-
tional significance of this network provides evidence for this system
being one of the core networks defining the functional architecture of
the brain, with some of the regions augmenting integrative processing
(Buckner et al, 2009). The activation of this network is reliably
observed when attention is oriented away from external stimuli to
internally directed thoughts (Greicius et al., 2003; Buckner et al,
2008), thus suggesting the DMN’s potential role in mental
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self-explorations and consolidation of activity during exogenous pro-
cessing (Raichle, 2010). Thus, given the engagement of this network in
internal channels of thoughts, and that of mindfulness on awareness of
the present thoughts through attentional regulation and interoceptive
awareness, we reasoned that individuals with higher levels of mindful-
ness disposition would demonstrate greater integrity in areas of the
DMN that show an age-related decline in connectivity, relative to in-
dividuals lying on the lower end of the mindfulness continuum. Here,
we note the multi-faceted nature of mindfulness as a theoretical con-
struct and the high degree of divergence associated with the operatio-
nalization of this term (Grossman, 2011). The complexities of
mindfulness have spurred the development of a multitude of measures
aimed at quantifying different aspects of this construct, from mindful
awareness to openness to experience. To maintain a consistent line of
research, this study specifically chose to employ the MAAS, a standard
questionnaire targeting attention to day-to-day experiences and one of
the most extensively used measures in the mindfulness literature. This
measure has been associated with sound psychometric properties and
has also shown a strong association with cortical areas involved in
affective and self-referential processing (Way et al., 2010).

METHODS AND MATERIALS
Participant characteristics

Twenty-five older participants (mean age = 65.88 years, 76% female,
mean education = 14. 8 years) were recruited for this study. The age
range of our participants was 6075 years with an s.d. of 3.78 years.
Inclusionary criteria included a score >23 on the Mini-Mental Status
Examination (maximum score =30; Folstein et al., 1975), corrected
(near and far) acuity 20/40 or better, right-handedness as assessed by
the Edinburgh Handedness Inventory, between the ages of 6075 years,
no history of psychiatric or neurological disorders, and suitability for
participation in a magnetic resonance imaging (MRI) environment.
The Ohio State Institutional Review Board approved this study and
all participants provided written informed consent.

Measures

Mindfulness disposition—All participants were administered the MAAS
(Brown and Ryan, 2003) to assess trait levels of mindfulness dispos-
ition. MAAS is a 15-item, single-factor questionnaire designed to assess
the ability to focus on present moment experiences and disengage from
a mechanical, ‘auto-pilot’ mode of functioning. All items are rated on a
six-point likert scale (almost always—almost never) and the question-
naire has been shown to have good internal consistency and test—retest
reliability (Brown and Ryan, 2003). Cronbach’s alpha for our study for
this measure was 0.90.

Please note that this study was embedded in the context of a larger
database of neuroimaging, neuropsychological and questionnaire data
that was collected to examine the association between mindfulness
disposition and cognitive and emotional health.

Functional and structural MRI parameters

Participants were scanned at the Wright Center of Innovation on Ohio
State campus using a 3T Philips full body scanner. High-resolution
structural images were collected for each participant using a three-
dimensional magnetization-prepared rapid gradient-echo imaging
protocol with 160 contiguous sagittal slices [time to echo (TE)/time
to repetition (TR)/TT 3.7/8.2/1017 ms], collected in an ascending fash-
ion, parallel to the anterior and posterior commissures using a spoiled
gradient sequence (240 x 240 mm field of view; 1 mm thick slices, with
a 1x1x1lmm in-plane resolution) with a flip angle of 8°.
Resting-state dataset was acquired following a fairly standard protocol
in which participants were asked to lie down still on the scanner bed.
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Ambient light was minimized, and participants were asked to lie with
their eyes open viewing a fixation cross, think of nothing in particular
and not fall asleep. These are standard resting state instructions that
have been employed throughout the literature (Damoiseaux et al.,
2008; Prakash et al, 2011), resulting in robust characterization of the
functional networks. For the functional resting-state scan, T2*-
weighted echo planar images were acquired with the following se-
quence parameters: TR=2000ms, TE=24ms, flip angle=280°,
number of slices =34 and voxel size =3 mm isotropic. We acquired
one 6 min functional scan with 180 volumes.

Image analyses

All functional MRI data were analyzed using the fMRIB software
library (FSL version 4.1.4, 33) and preprocessed using statistics
described earlier (Smith et al., 2004).

Given that the primary focus of this study was the examination of
individual differences in connectivity of the DMN, we first generated a
group-level DMN map by conducting a group temporal concatenation
independent components analysis (ICA) using fMRIB’s MELODIC
toolbox (Beckmann et al., 2005). The preprocessed data from all 25
participants were temporally concatenated to yield group-level inde-
pendent component networks, which represented common spatial pat-
terns across this group of participants without assumptions of
common temporal responses across participants for the independent
components. This analysis resulted in 26 independent components,
which were all thresholded at P=0.5 probability of activation to in-
clude voxels above that threshold. The analysis resulted in nine mean-
ingful networks, known through previous research to represent
functionally segregated systems showing co-activation (Beckmann
et al., 2005; Damoiseaux et al., 2008). These networks presented in
Figure 1 included the following: auditory network, the right fronto-
parietal network, the left fronto-parietal network, the fronto-executive
network, the medial visual network, the DMN, the motor network, the
cerebellar network and the lateral visual network.

All subsequent functional connectivity analyses were performed with
this DMN map, identified through the ICA. The DMN was identified
first by visual inspection of the 26 independent components, and then
by performing a spatial cross-correlation between the generated ICA
maps and DMN template provided by the FSL group (Smith et al,
2009) and included the medial prefrontal cortex, the dorsal and ventral
portions of the posterior cingulate cortex extending into the anterior
and medial portions of the precuneus, the bilateral parietal cortices, the
middle temporal gyri and the bilateral parahippocampal gyri. This
group-level DMN reference map was then spatially regressed against
each participant’s resting-state data to derive individual-level time
course for the DMN for each subject. The time series of the DMN
component was then variance normalized and entered as a temporal
regressor in a general linear model, along with variables of no interest,
to identify subject-specific spatial maps of DMN connectivity. To
remove the potential influence of physiological noise and participant
movement on low-frequency spontaneous oscillations, we entered the
time series of head motion, global signal and signal from the white
matter and cerebrospinal fluid (CSF) in our subject-level GLM ana-
lysis. The six motion parameters were computed by rigid body trans-
lation and rotation in preprocessing (Jenkinson et al, 2002).
Employing FMRIB’s Automatic Segmentation Tool, we segmented
the T1 image into partial volume estimates of gray matter, white mat-
ter and CSF probability maps. The global mask, white matter and CSF
maps were then used as masks to extract mean timeseries data, which
were also entered into the GLM to identify maps of DMN connectivity,
independent of the confound of these variables.
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Fig. 1 Nine network components extracted from ICA. Components were thresholded at P = 0.5 probability of activation to include voxels above that threshold. All subsequent analyses were conducted with the
DMN mask generated through this ICA analysis. For all components, axial, coronal and sagittal views are presented in radiological orientation. (A) auditory network, (B) the right fronto-parietal network, (C) the
left fronto-parietal network, (D) the fronto-executive network, (E) the medial visual network, (F) the DMN, (G) the motor network, (H) the cerebellar network and (1) the lateral visual network.

The individual-level maps for the DMN were forwarded separately
to a higher-level analysis, whereby inter-subject variability was treated
as a random variable. The mixed effects analysis was performed using
FMRIB’s Local Analysis of Mixed Effects (Beckmann et al., 2003). In
this analysis, we were interested in examining if trait levels of mind-
fulness disposition were associated with greater connectivity of the
DMN, independent of the variance associated with age, gender and
education. For this, we entered mindfulness disposition as our inde-
pendent variable of interest, while co-varying out the three demo-
graphic variables. This analysis yielded a contrast map that indicated
areas of the DMN that demonstrated a positive association with mind-
fulness disposition. All contrast maps were thresholded at a voxel-wise
threshold of z=2.33 (P<0.01) and for correction for multiple com-
parison, cluster thresholding at P<0.05 using Gaussian Random Field
Theory was employed (Worsley et al., 1992).

RESULTS
Mindfulness disposition and DMN connectivity

To examine associations between mindfulness disposition and DMN
connectivity, we entered trait levels of mindfulness disposition in our
higher-level model, after co-varying out age, education and gender.
The results of this higher-order analysis are presented in Figure 2.
Mindfulness disposition in older adults was associated with increased
DMN connectivity in the dorsal posterior cingulate cortex, and the
anterior and medial precuneus cortex. Table 1 presents the statistical

peaks in Montreal Neurological Institute (MNI) space for both of these
regions, along with the max z-stat values.

DISCUSSION

The study of the human functional connectome has been gaining
increasing prominence in the neuroimaging community (Biswal
et al, 2010), with accumulating evidence suggesting a key role for
these functionally segregated systems in explaining inter-individual
differences in behavior (Kelly et al, 2008; Prakash et al, 2011).
Aging research provides evidence for the disruption in the coordinated
activity of such systems, such that older adults, compared with young
adults, often show reduced correlations between the interacting regions
of these functionally segregated networks (Damoiseaux et al., 2008;
Koch et al., 2010; Voss et al., 2010).

The primary goal of this study was to examine the association be-
tween mindfulness disposition, a trait characteristic with critical ram-
ifications for cognitive and affective control and integrity of the DMN.
Elicited during undirected mental states, this network is now thought
to play a part in self-referential processing, consolidating past events
and anticipating future plans, and taking alternative perspectives
(Gusnard and Raichle, 2001; Raichle, 2010). Though the network is
active during passive states, such internal mentation and spontaneous
cognition form the crux of human experience, and possibly explains
individual differences in goal-directed behavior (Kelly et al, 2008;
Prakash et al, in press). Furthermore, the posterior cingulate cortex
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Fig. 2 Cortical areas that showed a positive association with mindfulness disposition, after removing variance associated with age, education and gender. All axial slices are presented in radiological orientation.

Table 1 Statistical peaks in MNI space from the positive association of MAAS scores with
DMN connectivity

Cortical area Label Max z-stat MNI coordinates (mm)

X Y V4
Posterior cingulate cortex pCC 3.09 -2 —24 38
Precuneus Precuneus 2.69 8 —56 36

and the medial prefrontal cortices, core components of the DMN, have
been shown to be critical hubs or ‘way stations’ of the human brain
(Buckner et al, 2009), integrating and augmenting information pro-
cessing, thus resulting in high metabolic activity. Interestingly, these
areas are also the known pathophysiological sites of Alzheimer’s dis-
ease, showing Pittsburgh Compound B deposition early in the disease
course (Buckner et al, 2005; Mosconi et al., 2005), thus suggesting a
critical role for the functioning of these nexuses in maintaining the
functional connectome of the human brain. Mindfulness disposition,
in our study, was found to explain variance in the coordinated activity
of this essential network of the human brain in elderly participants,
such that individuals with higher levels of this trait demonstrated
enhanced connectivity in key nodes of this network, specifically in
the posterior cingulate cortex, and the precuneus. These findings,
therefore, provide preliminary support for the prophylactic influence
of such present-focused attention orientation on strengthening con-
nections between cortical areas.

A resurgence of interest in meditation and mindfulness-based prac-
tices has led to an escalation of research studies examining the putative
impact of these Buddhist philosophy driven approaches in regulating
emotional and cognitive control (Davidson, 2010; Williams, 2010).
Employing neuroimaging methodology, recent research studies in
the field of mindfulness training have examined the associations be-
tween such practices and functioning of the DMN. While still in its
infancy, and rather varied in methodology employed, there is support
for increased functional connectivity in meditators compared with
novices in the medial prefrontal cortices (Jhang et al, 2011), suppres-
sion of these default regions in experienced meditators who habitually
exercise disengagement from mind-wandering and other forms of

self-referential processing (Brewer et al, 2011; Taylor et al., 2011),
reduced post-stimulus tail in regions of the DMN in meditators
during a semantic processing task (Pagnoni et al., 2008) and increased
gray matter in key regions of this network following a mindfulness
training intervention (Holzel et al., 2011). In this study, extending
the previous literature, we report a positive association in older
adults between mindfulness abilities and functional integration of the
cortical areas of the default-network, specifically, the precuneus and
the posterior cingulate cortex, thus, providing further support for the
involvement of this network in mindfulness abilities.

An important point to note about the default network is the pres-
ence of functionally specialized, segregated sub-systems within this
network, which tend to converge on three anatomical hubs: the pos-
terior cingulate cortex, ventral medial prefrontal cortex and the lateral
parietal cortices (Buckner et al., 2008). Of these three central nexuses,
the posterior cingulate cortex demonstrates the highest levels of degree
and betweenness centrality in both studies of functional connectivity
(Achard et al., 2006; Fransson and Marrelec, 2008) and structural con-
nectivity (Hagmann et al., 2008), suggesting a pivotal role for this
region in modulating interactions between the different nodes of the
DMN and between the DMN and other functional systems. Recent
evidence also provides data on the posterior cingulate cortex being
an interface between the different brain systems, enabling efficient
modulation of both the DMN and the cognitive control network in
response to increasing task demands (Leech et al., 2011). In fact, Leech
et al. (2011), corroborating previous histological studies separating the
posterior cingulate cortex into dorsal and ventral portions (Vogt et al.,
2006), demonstrated separable functional roles of the dorsal and ven-
tral portions in externally and internally directed cognition, respect-
ively. In our study, mindfulness was found to correlate strongly with
the integrity of the dorsal posterior cingulate cortex, thus providing a
differential association of mindfulness with the sub-regions of the pos-
terior cingulate cortex. While the ventral posterior cingulate cortex is
involved in a more traditional role ascribed to the DMN of
self-referential processing, the dorsal posterior cingulate cortex is con-
sidered as an interface between the task-negative or the DMN and the
task-positive or the cognitive control network (Leech et al., 2011), thus
affording a greater flexibility to switch between networks engaged in
external and internal aspects of cognition. Given that a core facet of
mindfulness is the ability to direct sustained attentional resources to
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immediate moment experiences, through attentional regulation and
interoceptive awareness, the greater integrity of the dorsal posterior
cingulate cortex, we suspect would facilitate a greater context-
appropriate modulation of default-mode network and cognitive con-
trol network activity. It is also important to note, however, that while
only the association with the dorsal posterior cingulate cortex survived
cluster thresholding, lowering the threshold also provided evidence for
an association between mindfulness disposition and greater functional
integrity of the ventral posterior cingulate cortex. For future studies, it
will be important to parse out the effect of mindfulness training on the
functionally separable regions of the posterior cingulate cortex, pro-
viding empirical support for the role of mindfulness in internally dir-
ected aspects of cognition, subserved by the ventral posterior cingulate
cortex or in sustained present-moment attention, via the efficient
modulation enabled by the dorsal posterior cingulate cortex.

Another cortical area that we found to be associated with higher
levels of mindfulness disposition in older adults was the precuneus.
Forming the medial wall of the parietal lobe, the precuneus is often
treated together with the posterior cingulate cortex in resting-state
connectivity studies, thus showing connectivity with the other trad-
itional regions within the DMN (Fransson and Marrelec, 2008;
Margulies et al., 2009). This region has been purported to be involved
in self-referential mental imagery and retrieval success during episodic
memory tasks (Cavanna and Trimble, 2006). However, given that this
region is traditionally subsumed within the posterior cingulate cortex,
for future research it would be essential to parse out the two areas to
better understand the functional purpose of this multi-modal region.
This is especially critical given recent preliminary evidence suggesting a
functional sub-division within the precuneus in humans and macaque
monkeys, with separable functional connectivity across the different
sub-divisions (Cavanna and Trimble, 2006).

As noted in the Introduction section, a potential limitation of this
study may be its particular operationalization of mindfulness. The
concept of mindfulness disposition currently lacks a solid technical
definition in mainstream scientific discourse, and the proper charac-
terization and quantification of this construct has involved much
debate in the mindfulness literature, with some measures emphasizing
certain qualities or experiential features more than others (Grossman,
2011). Falling under this grouping, the MAAS has been critiqued for its
potentially narrow conceptualization of mindfulness which principally
focuses on instances of everyday, moment-to-moment awareness,
rather than tapping into other additional facets of mindfulness, such
as non-judgementalness and/or emotional clarity. Although the MAAS
has been a widely used index of mindfulness disposition in various
research studies of mindfulness, we acknowledge the relative specificity
of this measure in the context of this study and believe that it would be
important for the field to continue to explore other paradigms of
mindfulness, to more accurately characterize and fully represent this
multi-faceted construct.
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