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Introduction:

A fundamental challenge in preprocessing pipelines for neuroimaging datasets is to increase the
signal-to-noise ra�o for subsequent analyses. This can be achieved for example by ge�ng more
compact groups before performing any sta�s�cal comparison. In this regard, the consensus
clustering algorithm recently developed for brain connec�vity data (Rasero et al. 2017) copes
with the heterogeneity of classes of subjects as defined by phenotypic labels (e.g. healthy and
pa�ents). As a consequence, we suggest (Rasero et al. 2018) that the applica�on of the
consensus clustering approach to neuroimaging studies can be a valid addi�onal step for
connectome processing to find subgroups of subjects with reduced intra-group variability and
therefore increasing the separability of the dis�nct subgroups when connectomes are used as a
biomarker. We also demonstrate that unique regions within each cluster arise, informa�on which
is not iden�fied when the groups are used as a whole, bringing new insight that could be relevant
from a clinical point of view.

Methods:

The consensus clustering is summarised as follows: (i) for each brain region's pa�ern
connec�vity, a distance matrix is computed (ii) cluster each distance matrix using k-medoids
clustering algorithm, (iii) build the modularity matrix as the consensus network from the
corresponding par��ons subtrac�ng the null ensemble of co-assignments. Consequently, this
method is applied individually to Typically Developing and Au�sm Spectrum Disorder (ASD)
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groups in a cohort of 150 subjects from the ABIDE ini�a�ve in order to extract the natural
classes presented in the data. A subsequent supervised analysis by means of a mul�variate
distance matrix regression is performed between the subgroups found, compu�ng the increase
of separability between both classes as measured by the coefficient of determina�on "pseudo
r-squared" and iden�fying unique regions whose pa�ern is altered only in the subgroups.

Results:

Individual applica�on of the consensus clustering algorithm to both groups yields a modularity
matrix with 3 communi�es in the TD group and a modularity matrix with 2 clusters in the ASD
group. Moreover, a Wilcoxon Rank sum test performed on the ASD community par��on
separates subjects sta�s�cally by age (p=0.0028) and framewise displacement (p<0.0001).
Likewise, a�er group par��on most of the brain regions exhibit altered pa�ern connec�vi�es
which amplify the class labelling effect size. This is translated into a gain of separability that
allows to unmask regions not observed significantly different when whole groups are taken
together. For example, when ASD par��ons are used in group comparison with TD subjects, the
first cluster elucidates unique regions located in the Inferior Frontal Gyrus, the Frontal Pole, the
Precuneus, Postcentral and Paracentral areas. On the other hand, the second cluster displays
unique regions belonging to areas in the Superior Temporal Sulcus, the Superior Temporal Lobe,
the Inferior Temporal Lobe and the Supramarginal gyrus.
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   ·Modularity matrix, intra-group distance reduc�on and effect size enhancenment when clusters
are involved in group comparisons
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   ·Age and framewise displacement distribu�on for ASD clusters found by the consensus
clustering algorithm

Conclusions:

In this work we have proposed the use of the consensus clustering approach for exploratory
analysis, in order to cope with the heterogeneity of subjects. Extrac�ng the natural classes
present in data and subsequently performing a supervised analysis allowed us to iden�fy
variables whose adjacency pa�ern is altered in group comparisons, and which were not
highlighted when considering the groups as a whole. As a result, the proposed approach led to an
increase in the effect sizes. We presented an applica�on to public data, evidencing groups of
subjects in which specific regions contributed to a higher separability between classes. In sum,
we have shown an addi�onal benefit of using the consensus clustering algorithm, which is based
on the idea of condensing informa�on on structure at different levels, which in general works
well when extrac�ng the inherent data sub-classes.
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