
Introduction

Alzheimer’s disease (AD) and it’s prodromal stage mild 
cognitive impairment (MCI) are characterized clinically by 
declining cognitive function (Petersen et al., 2001). Previous 
studies have demonstrated that brain network hubs, 
substructures that are crucial for communication between 
specialized systems, are selectively vulnerable in AD 
(Buckner et al., 2009). It is hypothesized that AD pathology 
affects connectivity between brain regions and alters brain 
networks, thus compromising cognitive performance 
(Binnewijzend et al., 2012). Magnetic resonance imaging 
(MRI) can be used to assess a number of measures of brain 
status. The aim of this study was to determine if changes in 
volume, connectivity, and structural measures of 
substructures could explain variances in cognition between 
AD and MCI.

Materials and methods

A cohort of 25 subjects with Alzheimer’s disease (23 men, 
mean age 64) and 12 subjects with mild cognitive 
impairment (7 men, mean age 65) was matched with 23 
control subjects (15 men, mean age 61). The subjects were 
evaluated using neuropsychological testing, and test scores 
were used to determine cognition across four domains and a 
global measure. Subjects were scanned with three (MRI 
sequences. A structural scan was performed to calculate 
substructure volumes. White matter (WM) tract integrity 
was assessed using diffusion tensor imaging (DTI) and tract-
based spatial statistics. Functional connectivity (FC) was 
determined using resting state functional MRI (fMRI). 
Subject scans were divided into 92 brain regions, and the 
connectivity between brain regions was determined by the 
synchronization likelihood (SL).
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Results
Cognition

The AD group had significantly lower
cognition than the MCI group and control
groups across all domains and average
cognition, except in the memory domain
compared to the MCI group. The MCI group
had lower cognition than the control group in
the memory domain. All other comparisons
were not statistically significant, although the
mean values exhibited trends of control >
MCI > AD.

Group and whole brain measures

Post-hoc analysis only showed that the
MMSE scores for the AD group were higher
those of the MCI and controls groups.
Education and age were not significantly
different across the three groups. Normalized
brain volumes differed significantly between
the AD and control groups in all measures,
while no measures were significantly
different when comparing the MCI to the AD
or control group. Whole brain degree,
measured by the mean of the SL of all brain
regions with all other brain regions, did not
differ significantly between the groups.

Substructural volumes and FC

Normalized thalamic, putamic, and
hippocampic volumes all differed
significantly. Post-hoc analysis showed
normalized thalamic and hippocampic
volumes differed between the AD and control
groups, while no other comparisons were
significant. The SL measures of all
substructures were not significantly different
in any of the group comparisons.

Regional connectivity data

The normalized SL values of two regional
connectivity variables were significantly
different between the subject groups: 1)
between the precuneus and thalamus; 2)
between the putamen and the superior
occipital cortex. Both of these regions
differed significantly between the AD and
control groups.

Diffusion measures

The mean diffusivity (MD) of the thalamus
differed significantly between the AD group

and the other two groups. In the anterior

thalamic radiation, both the fractional
anisotropy (FA) and the MD differed
significantly between the AD and the other
two groups. In the part of the cingulum that is
ventral to the cingulate gyrus, only the FA
differed significantly between the AD and
control group. By contrast, in the part of the
cingulum connecting to the hippocampus, the
difference in MD between the AD and MCI
groups was significant. All other comparisons
in the four WM regions were insignificant.

Relations with cognition

Six variables survived a backwards linear
regression model: sex, NPV, NHV,
normalized precuneus – thalamus SL, NTV,
and MD cingulum (hippocampus) (in
descending order of highest predictor of
cognition). 37% of the variance was
explained by the model.

Conclusions
The correlation of cognition to substructure volumetric and
connectivity changes in 25 AD patients and 12 MCI patients
was described by this work. In comparison to healthy
controls, the AD group showed significantly lower cognition
across all measured domains. Additionally, the AD group
had significantly smaller volumes than the control group
across all measures except the putamen. With regards to FC,
only the regional connectivities between the precuneus and
the thalamus and between the putamen and occipital superior
cortex were significantly different among the groups, and
FC was higher in the AD group than in the control group.
Further, diffusivity measures across the four regions were
different in the groups. In the AD group compared to the
control group, the FA values of the anterior thalamic
radiation and the part of the cingulum connecting the
cingulate gyri were lower, and the MD values of the
thalamus and anterior radiation were higher. The MD of the
ventral part of the cingulum was higher in the AD group
compared to the MCI group. Sex, normalized putamic
volume, normalized hippocampic volume, regional FC
between the precuneus and thalamus, normalized thalamic
volume, and mean diffusivity of the part of the cingulum
connecting to the hippocampus were in descending order the
most important predictors of cognition.

A major limitation of the study is the inhomogeneity of the
control group. As a result, there was higher variability in
some of the measures. Thus, while trends could be observed,
differences were not statistically different, and
consequentially some of the conclusions of this work were
curtailed.

In conclusion, it was demonstrated that in AD and MCI
variation in cognition can be explained well collectively by
MRI measures. These findings indicate the need for
longitudinal data to track these measures over time on an
individual basis..
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