
Connectivity analysis to distinguish normal, mild cognitive impaired 

and Alzheimer subjects based on MRI data 

 

 

Introduction 

 
•Alzheimer's Disease (AD) is caused by the degeneration and 

eventually death of neurons in several areas of the brain 

•AD accounts for 50-56  % of the cases of dementia.  

•In the U.S. 5.4 million have Alzheimer's disease in 2011. 

•The brain changes with AD is thought to begin 10 years or more 

before symptoms as memory loss appear, so early markers of 

Alzheimer's would give be significant aid in helping therapies to slow 

down cognitive decline in AD. 

• We look at 40 regions in the brain and their physical interaction as a 

way of characterizing the anatomy of the brain in NC, MCI and AD 

subjects. 

Study Population 
 

•The study population is based on 101 baseline (bl) subjects obtained 

from the Alzheimer's Disease Neuroimaging Initiative (ADNI) and the 

corresponding 12-month follow-up 1.5 T  T1-weighted MRI scans. 

•The population included 24 NC, 28 MCI and 49 AD subjects. 

•The segmentation was performed by FreeSurfer 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Connectivity markers 

 
• We use 40 different regions based on the segmentation, including, 

hippocampus, amygdala, thalamus, white and gray matter. 

•We calculate a distance marker based on the center of mass position 

of each region and the Euclidean distances in between the regions. 

• We calculate a volume connectivity marker based on the percentage 

of total volume of each region that is connected to another region. 

•We calculate a surface connectivity marker based on the percentage 

of total surface of each region that is connected to another region. 

•The volume and surface marker are non-symmetric 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Classification 
•We use a Partial least square regression (PLS) to reduce the number 

of parameters 

•We use a linear discriminate analysis for classification (LDA). 

•Our classification is done in a leave-one-out manner. 

 

 

 

 

 

 

 

 

 

 

 

Lene Lillemark1, Lauge Sørensen1, Akshay Pai1, Erik B. Dam2 and Mads Nielsen1,2 

1 Department of Computer Science, University of Copenhagen, Denmark 

2 BiomedIQ A/S, Østerbro, Denmark 

Abstract 

  
This work investigates a novel way of looking at the different regions in the brain and their relationship to each other as possible markers to 

classify normal control (NC), mild cognitive impaired (MCI) and Alzheimer (AD) subjects. MRI scans from a subset of 101 subjects from the 

ADNI study from baseline and again from month 12 were used for this study. 40 regions of the brain including hippocampus, amygdala, 

thalamus, white and gray matter were segmented using FreeSurfer and manually inspected and possible corrected. From this data we calculate 

the distance of center of mass positions between all centers, the number of voxels and the percentage volume and surface connection shared 

between the regions in a non-symmetrical way. The data were used in a linear discriminant analysis in a leave-one-out manner. We found that 

the percentage of surface and volume connection in-between regions give an significant classification of NC and AD and also of AD and MCI, 

when corrected for whole brain volume. The result is significant better than only including whole brain volume, but the hippocampus volume 

change alone give more significant results. 

 

 

 

 

 

 

 

 

Results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Table 1 shows the volume scores for whole brain and hippocampus for baseline and 

month 12 and the corresponding delta values for the three subject groups NC, MCI and 

AD,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table  2 shows our classification results for baseline splitted into three groups Normal 

control (NC)  and Alzheimer's (AD), NC and Mild cognitive impaired (MCI) and MCI and 

AD. The results show the Area under the curve (AUC) and the accuracy (acc) in 

percentage. Notice that we get better results for the connectivity scores than for only 

using volume. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 a shows the distance markers and figure 2b shows the volume connectivity 

marker, where the colors correspond to the ncreasing percentage connectivity. 

Figure1 shows a slides of the segmented brain, where each color represents a 

segmented region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 3 shows the p values from a ranksum tests comparing the three 

groups NC, MCI and AD adjusted for whole brain volume for our markers. 

This indicate that our connectivity markers are better than using a 

distance marker. 

  

 

 

Discussion and conclusion 
 

• Classification based in whole brain volume between NC 

and AD has previously been reported as 81 % using a kNN 

classification [1].  

•Our whole brain volume is not nearly as high as in [1] but 

still our other connectivity markers shows promise. 

•One of the problems with using the whole brain is that it is 

non-specific and has limited application in the differential 

diagnosis of dementia. 

•Our results can be used to gain new insights in how the 

different regions and their connectivity is affected during 

Alzheimer’s 

 

•The future work could be in combining these markers with 

shape markers of the different regions to get a more 

sophisticated image of Alzheimer’s disease. 
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