
Functional Connectivity Based Model for Regional Specialization of the Insula 
Michael A. Ferguson1, Jeffrey S. Anderson1,2,3,4,  Melissa Lopez-Larson4,5, Deborah Yurgelun-Todd2,4,5 

Background Regional Differences in Insular Connectivity 

Conclusions 

University of Utah: 1Bioengineering, 2Center for Advanced Imaging Research, 3Neuroradiology, 4Brain Institute, 5Psychiatry 

•   The insula is thought to participate in numerous 
complex cognitive tasks, including social, 
language, music, emotive, gustatory, and 
attentive functions, with proposed involvement in 
anxiety, neurodevelopmental, and addictive 
disorders. Hierarchical models suggest that the 
insula performs high-level abstractions on inputs 
from sensory and association cortices, and high 
global connectivity between the insula and the 
rest of the brain supports this hypothesis. 

• As a basis for predicting function, we examined 
regional differences in insular connectivity in 58 
adolescent and young adult healthy volunteers. 
We observed that subregions of the insula show 
greatest connectivity to specific resting state 
networks in the brain.  

The time series for each voxel in the brain was 
extracted and the Pearson correlation coefficient 
computed between the voxel’s time series and the 
mean time series of each of the subregions of the 
insula. All correlation values were Fisher-
transformed by evaluating the hyperbolic 
arctangent to more closely approximate normally 
distributed data. Each voxel was assigned to one 
of the six insular subregions obtained above based 
on with which subregion it showed highest 
correlation. 

Subject Characteristics 
Analyses for were performed on a sample of 
resting state BOLD time series data from 58 
normal, healthy participants, ranging in age from 
11 to 35 (mean 18.1 +/- 5.0 s.d., 32 male, 26 
female).  

The connectivity data are surprising in several respects. First, 
regional differences in insular connectivity do not represent a 
simple geographical subdivision of the brain analogous to the 
k-means subdivision of the insula. Instead, maximal 
connectivity patterns show organization that corresponds to 
key functional networks of the brain that have been identified 
from resting state functional connectivity analysis 
(Damoiseaux, et al. 2006; Fox, et al. 2005).  

     The anterior inferior and anterior superior insular 
subregions show clear differences in connectivity to the 
posterior cingulate cortex. We hypothesized that in a 
higher attentional state, the correlation between the 
anterior inferior insula and the default mode network 
would be weaker than in a resting state. 
      To test this hypothesis, an additional BOLD 
sequence for each subject was obtained during the 
performance of a ‘visual oddball’ task. Compared to the 
resting state, scans obtained during the oddball task 
showed significantly higher correlation between the 
intraparietal sulcus seed and the bilateral anterior 
superior insula, but significantly lower correlation 
between the posterior cingulate seed and the bilateral 
anterior inferior insula. This finding would be consistent 
with a mechanism in which relative activity in the 
anterior superior vs. anterior inferior insula participated 
in switching of the brain between dominant default 
mode or attentional networks. 
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Parcellation of the Insula 
A binary mask of the left and right insula were 
obtained from the Automated Anatomical 
Labeling (AAL) brain atlas(Tzourio-Mazoyer, et 
al. 2002). Coordinates of all voxels within the left 
and right insula were clustered using a k-means 
algorithm (kmeans.m, Matlab Statistics Toolbox. 
Mathworks, Natick, MA ) into 6 subdivisions on 
each side. Visual inspection of these subregions 
showed approximately similar alignment on the 
left and right into anterior inferior, anterior 
superior, mid inferior, mid superior, posterior 
inferior, and posterior superior regions.  

Time Series Extraction and 
Connectivity Determination 

INSULAR 
SUBREGION 

CONNECTIVITY PREFERENCE 

Anterior Inferior Default Mode Network 

Anterior Superior DLPF & IPS (attentional networks) 
(Fox, et al. 2006) 

Mid Superior Anterior Cingulate & Salience 
Detection Network 
(Seeley, et al. 2007) 

Mid Inferior Amygdala & Medial Temporal 
Lobes 
(emotional salience) 

Posterior Motor, Auditory, Visual, 
Somatosensory 

Anterior Insular Connectivity 

• Areas of highest functional connectivity between 
subregions of the insula align with well described 
intrinsic networks, suggesting functional specialization of 
the anterior insula for attentional processing, posterior 
insula for sensory integration, and mid insula for 
salience detection. 

• In the anterior and mid insula, superior subregions 
appear more associated with external stimuli and 
attention, while inferior subregions are more associated 
with internal and emotive stimuli.  

• Relative activity between the anterior inferior and 
anterior superior insula may represent a mechanism for 
shifting attention between internal and external stimuli. 


