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• Principal components (i.e., EigenNetworks) 

describe distributed functional networks within 

resting state adjacency data from the Human 

Connectome Project (80 subjects, four 15-min 

acquisitions).  

• These EigenNetworks correspond to canonical 

functional networks, indicating intuitive biological 

correspondence to the data features. 

• EigenNetworks across repeated scans for each 

subject show high within-subject reproducibility, 

and may be suitable as biomarkers, owing to 

their reproducibility within subjects. 

• EigenNetworks demonstrate lower 

correspondence across subjects. Across-subject 

variability is necessary for classification 

applications, making EigenNetworks an attractive 

fcMRI data feature. 

Results 

• Dataset: 80 subjects from the Human Connectome 

Project (http://www.humanconnectome.org) with 1200 

volumes per subject of multiband BOLD resting state 

image data, acquired as four 15-minute blocks per 

subject. 

 

• Preprocessing  (SPM12) 

          Began with minimally preprocessed data  

                 (realignment, coregistration, normalization) 

          Performed WM, CSF, Facial and 12 motion              

                   parameter  regression (WM & CSF were  

                   degraded to avoid GM contamination) 

          No global mean signal regression 

          Bandpass filter (.001 to .1 Hz) performed  

                    concurrently with voxelwise regression 

 

• Gray matter was parceled into 7237 ROI’s at 5 mm 

resolution throughout cortical and subcortical gray 

matter. Time series for each ROI was extracted and 

correlation coefficient was obtained for each pair of 

ROI’s in each scan for each subject (26 million ROI 

pairs per scan).  

 

• For each scan, principal components were identified 

using singular value decomposition of the 7237 x 7237 

adjacency matrix. The first 10 eigenvectors 

(EigenNetworks) were identified for each subject and 

used for subsequent analysis. 

 

• An averaged adjacency matrix from all 80 subjects (320 

fifteen minute scans) was computed, and the first 10 

eigenvectors(EigenNetworks) were identified from the 

population mean. 

 

• Correlation coefficients were computed between 

EigenNetworks for each scan of each subject, and 

between each scan and the population average 

EigenNetworks. Reproducibility was assessed by 

comparing within subject similarity (correlation) to 

between subject similarity. 

 

• EigenNetworks were projected back onto the brain to 

show the spatial distribution of each principal 

component. 
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Primary principal components served as “fingerprints” of 

individual subjects, with high within-subject 

reproducibility and lower correlation to EigenNetworks of 

other subjects. Correlation of the first principal 

component is shown above for 10 subjects. Occasionally 

EigenNetworks were ordered differently (e.g. for Subject 

3 above, the second EigenNetwork was more correlated 

with the first EigenNetwork of other subjects. 

The first 10 principal components are shown from 

population averaged adjacency matrices from 80 

subjects. Components show homology with well-

known functional networks, often combining 

positive and negative weighted features of multiple 

networks. Some components also show networks 

that are not typically extracted together with ICA, 

for example network 1 (Sensory Cortices) and 

network 6 (Language Regions). 

• Functional connectivity MRI (fcMRI) has emerged as a 

powerful metric of synchronized brain activity, applied 

to dozens of neurodevelopmental and 

neuropsychiatric populations. 

• Brain parcellation in healthy and atypical samples has 

largely relied on correlation to seed regions and 

independent component analysis (ICA), which 

identifies synchronized brain regions. 

• Principal Component Analysis (PCA) has been much 

less studied for fcMRI, but a growing literature 

suggests applicability to clinical populations. Many 

brain conditions do not affect primarily discrete brain 

regions, but may show widely distributed 

abnormalities not organically captured by independent 

component analysis. 

• We used data from the Human Connectome Project to 

evaluate reproducibility within and between subjects to 

evaluate feasibility of principal components as 

biomarkers in classification and diagnostic studies in 

clinical populations. 

Virtually every subject displayed an EigenNetwork with 

strong homology to the population average 

EigenNetworks for the first several principal 

components.  The first four EigenNetworks were 

observed in the same order for most subjects. The plot 

above shows correlation of the subject’s EigenNetwork  

to the most similar population EigenNetwork (averaged 

across the four scans for each subject.  

For the first several principal components, there is 

much higher within-subject than between-subject 

reproducibility of the component. 


