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response to interoception in patients 
with anxiety or depression.
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INTRODUCTION
• Dysfunction of interoception (internal bodily sensations)

is an important aspect of mental health conditions,
including mood disorders1,2, and interoceptive
awareness may be important for self-regulation.

• fMRI tasks involving heartbeat-focused interoceptive
awareness are known to activate bilateral insula,
claustrum, postcentral gyrus, and prefrontal cortex3.

• Patients completed a mindfulness-based intervention4,
Mindfulness Training for Primary Care (MTPC).

• MTPC: 8 weekly 2-hour instructor-led group sessions,
designed in part to increase interoceptive awareness5,6.
Participants also complete daily home meditation
practice and one full-day silent retreat.

METHODS
• N = 15 adults with anxiety and/or depression
• Two fMRI visits: pre-MTPC + post-MTPC, each with a

10-min functional MRI scan.
• Task: focus on own heartbeat (interoception; 10s

blocks) or perform a simple visual attention task
(exteroception; 10s blocks).

• General linear model (mixed effects) with pre- and post-
MTPC BOLD response for interoception > exteroception
task contrast. Conducted with whole-brain field of view,
followed by region-of-interest analysis with an
anatomical insula mask.

• Cluster corrected for multiple comparisons (z>2.3,
p<0.05).

• 11 patients had Multidimensional Assessment of
Interoceptive Awareness (MAIA)7 scores, measuring
tendency to pay attention to internal bodily sensations
ability to regulate attention and affect in relation to those
sensations.

• Examined post-MTPC minus pre-MTPC MAIA scores
(including 3 MAIA sub-scores: attention regulation,
emotional awareness, & self-regulation), and their
correlation with post- minus pre-MTPC insula BOLD
response to interoceptive awareness.
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RESULTS
• Pre-MTPC, no significant insula BOLD response.
• Post-MTPC BOLD response (interoception > exteroception

contrast) included a cluster in left anterior insula, as well as
in right TPJ and ventrolateral prefrontal cortex.

• T-test (pre- vs. post-MTPC), showed significant clusters
over left superior frontal cortex (95 voxels), right superior
parietal lobule (64 voxels), left inferior parietal lobule (62
voxels), central gyrus (56 voxels), and middle temporal
sulcus (41 voxels).

• In region-of-interest analysis of bilateral insula, post- vs pre-
MTPC increased in a cluster in right anterior insula (56
voxels, p = 0.0006).

• MAIA scores significantly increased post- vs pre-MTPC, for
total scores (p=0.001) and the sub-scores of attention
regulation (p=0.001), emotional awareness (p=0.005), and
self-regulation (p=0.001).

• Correlations between BOLD response in insula during
interoception > exteroception, and the change in MAIA
subs-cores were not significant.

• Minutes of total home meditation practice reported by this
sample: mean = 23.5 minutes/day (SD: 13.9, range 4.4 –
48.2 mins/day).

DISCUSSION
• Following MTPC, patients showed right anterior insula

response during a heartbeat-focused interoceptive
awareness task, which was not observed pre-MTPC.

• Compared to pre-MTPC, patients at post-MTPC had
significantly more activation in areas involved in spatial
awareness and the processing and integration of bodily
sensations.

• First report of mindfulness having an impact on both
behavioral and neurobiological measures in the context of
primary care for anxiety and depression.
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