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A new approach in functional brain imaging is the study of spontaneous, intrinsic 
fluctuations in the BOLD signal, also called ‘resting state FMRI’. The main objective of 
this thesis was to explore the organization of these intrinsic fluctuations using FMRI; 
and to study changes in the activity of these fluctuations in normal aging and 
Alzheimer’s disease (AD). Furthermore changes in white matter integrity in aging and 
AD were studied since changes in functional connectivity are very likely related to 
changes in anatomical connectivity. Besides the research into functional connectivity 
changes in aging an AD, the effect of pharmacological intervention on intrinsic 
functional brain connectivity was additionally explored. In this chapter a brief summary 
of the results of the individual studies will be given, followed by a discussion of the 
possible implications and methodological issues related to the presented research. 
Finally, suggestions for future research will be presented. 
 
Summary of the results 
The first study presented in this thesis (chapter 2) applied a novel technique called 
tensor PICA to determine the spatial consistency of coherent resting state fluctuations 
in the BOLD signal. This study showed a variety of patterns of coherent low-frequency 
fluctuations in the BOLD signal identified across subjects. These resting state patterns 
include brain regions previously found to be involved in motor function, visual 
processing, executive functioning, auditory processing, memory and the ‘default mode’ 
network. Besides being consistent, these coherent fluctuations also appear to be very 
dynamic: the %BOLD signal change in these areas can reach levels as high as 2 - 3% 
which is comparable to the changes observed in task-related fMRI. Furthermore, areas 
with high mean percentage BOLD signal change also show high levels of consistency. 
In short: in this study we show that “at rest” the brain is organized into several 
consistent clusters or networks of brain regions and that these so-called resting state 
networks (RSNs) are very active, even in the absence of any specific task. 
 
After finding consistent resting state networks in young healthy subjects we were 
interested in if and how these networks were modulated by normal aging and AD. We 
were particularly interested in aging and AD because it has been hypothesized 
previously that aging and AD are disconnection syndromes, i.e. that decline in aging 
and AD mainly emerges from changes in connections between brain areas (Delbeuck 
et al. 2003;O'Sullivan et al. 2001). This resulted in the studies presented in chapter 3. 
The aim of the study in chapter 3.1 was to explore the effects of normal aging on the 
functional connectivity of intrinsic activity of the ‘default mode’ network, and investigate 
whether a relationship exists between activity within this network and cognitive decline. 
In line with previous research we found evidence of cognitive decline in older 
compared to younger subjects in the domains of attention/concentration/processing 
speed, memory function, and executive functioning. By using tensor PICA, we 
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observed altered activity in two RSNs both showing (a part of) the ‘default mode’ 
network. One RSN contained only the posterior areas: posterior cingulate and bilateral 
superior parietal regions; the other contained mainly the anterior regions: superior and 
middle frontal gyrus, posterior cingulate, bilateral middle temporal gyrus, and bilateral 
superior parietal region. The activity expressed in these RSNs was decreased in older 
subjects compared to younger. These results remained significant after correction for 
GM volume within the specific areas of these RSNs. These findings confirm our 
hypothesis that in addition to the previously observed decrease in deactivation of this 
network during semantic classification and memory tasks (Grady et al. 2006;Lustig et 
al. 2003b), intrinsic activity within the ‘default mode’ network is decreased in the elderly 
as well. Furthermore, we showed that decreased activity in one of these two RSNs was 
indeed associated with cognitive decline, i.e. with impaired executive function. In 
chapter 3.2 changes in intrinsic brain activity within three RSNs associated with MCI 
and AD (i.e. the components showing the ‘default mode’ network, dorsal visual-
attention system and the hippocampus) were investigated. Again by using tensor PICA 
and after correction for age and GM volume, we observed decreased activity in AD 
patients compared to healthy controls in the RSN showing the dorsal visual-attention 
system consisting of regions extending in an arc along the intraparietal and superior 
parietal to post- and precentral areas, the cingulate cortex, inferior and middle frontal 
gyrus, middle- and occipitotemporal and peristriate cortex. Intrinsic activity of this 
component in MCI patients did not significantly differ from AD patients or healthy 
controls (after correction for age and GM volume) but combining AD and MCI patients 
in one ‘patient’ group did show an effect compared to healthy controls, somewhat 
stronger than that of the AD group alone. The set of brain regions displayed in this 
RSN have previously been associated with visual-spatial attention (Colby and 
Goldberg 1999;Corbetta and Shulman 2002). Impairments in visual-spatial attention 
have previously been related to AD and impairments in the associated brain regions 
have been observed (Hao et al. 2005;Prvulovic et al. 2002). In contrast to previous 
research no differences were found in the components consisting of the ‘default mode’ 
network and/or hippocampus. This different results is very likely due to the different 
analysis approach used in this study, as we were able to replicate the results obtained 
by Greicius and colleagues (Greicius et al. 2004) when applying a similar method as 
used in that study. 
The study presented in chapter 3.3 shows that the tensor PICA technique is also well 
suited for detecting alterations in functional connectivity in task-related FMRI 
investigations of aging and AD; activations and deactivations in various networks were 
diminished in AD patients. Furthermore, this study shows that the current model-free 
approach proved more sensitive to detect group differences than the commonly used 
model-based analysis. An asymmetric network of mainly right frontal and parietal 
regions (also including thalamus, hippocampus, insula and caudate nucleus) showed 



Summary & General discussion 

  135 

decreased activation in AD. The complementary pattern of left frontal and parietal 
regions was not different between patients and controls. In addition we showed 
decreased activation in AD in the left motor regions, including the thalamus, and the 
occipital lobe network (also including hippocampus, caudate and putamen) and 
diminished deactivation in the default mode network in AD, both in the anterior and 
posterior parts of the network. 
In the previous studies presented in chapter 3, we have shown decreases in activity of 
functional brain networks in aging and Alzheimer’s disease. It has been hypothesized 
that a decrease in brain function in healthy aging and degenerative disorders is 
associated with impairment in anatomical connectivity (i.e. white matter integrity) 
(Delbeuck et al. 2003;O'Sullivan et al. 2001). In chapter 3.4 we presented the results 
of our study into white matter integrity in healthy aging and Alzheimer’s disease. 
Measuring white matter integrity in vivo in humans was not possible until recently. Our 
results confirmed white matter degradation in frontal, parietal and temporal lobes as an 
effect of normal aging consistent with previous studies (Head et al. 2004a;Pfefferbaum 
et al. 2005;Salat et al. 2005;Sullivan and Pfefferbaum 2006;Sullivan et al. 2006). 
(Lehmbeck et al. 2006). In addition, we found evidence of disintegration in the 
interhemispheric tracts through the corpus callosum, particularly in the genu and body, 
and the internal capsule. In AD decreased FA compared to older healthy subjects was 
observed in the anterior part of the left temporal lobe. This difference in FA appeared 
to be located in the uncinate fasciculus that connects the hippocampus with prefrontal 
cortex. This result is consistent with our understanding of pathology in AD that is 
focused on the degeneration of the medial temporal lobe. No significant difference in 
FA was observed between MCI and the other groups. It appears that FA values of MCI 
patients lie somewhere in between those of older healthy subjects and AD, as they do 
not differ compared to both other groups but the other groups do exhibit between-
groups differences. This is in line with the concept of MCI as a transitional stage 
between normal aging and AD (Petersen et al. 2001). 
The aim of the final study presented in this thesis (chapter 4) was to increase our 
understanding of the organization of intrinsic brain activity by investigating the effects 
of pharmacological intervention (i.e. an acute dose of the stress-hormone cortisol) on 
the connectivity of low frequency BOLD signal fluctuations using resting state FMRI. In 
a double blind, randomized placebo-controlled crossover design, twenty young healthy 
male subjects received 20 mg cortisol (hydrocortisone, Hoechst). FMRI scans were 
collected on two occasions, two weeks apart. Of the twenty resting state components 
we estimated using tensor PICA, one was significantly affected by the administration of 
cortisol. The RSN encompassing the ‘default mode’ network showed increased activity 
after cortisol intake. We hypothesize that cortisol-induced changes in ‘default mode’ 
activity may be related to some of the effects of this stress-hormone on cognitive 
function, which have been found in previous research (de Quervain et al. 
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2000;Kuhlmann et al. 2005a;Wolf et al. 2001a;Kuhlmann et al. 2005b;Wolf et al. 
2001b;Ellenbogen et al. 2002;Kopell et al. 1970;Skosnik et al. 2000). Cortisol may 
exert its effect on cognitive function through increased connectivity of the ‘default 
mode’ network which could result in decreased goal directed attention. 
 
Conclusions 
In short, based on the studies presented in this thesis the following conclusions can be 
drawn: 
• The brain at ‘rest’ is organized into several statistically independent ‘networks’. 

Intrinsic brain activity within these resting state networks is very consistent and 
dynamic, with percentages signal BOLD change comparable to those found in task 
related experiments. 

• Normal aging is related to decreased activity in the ‘default mode’ network, also 
after correction for GM volume. Furthermore, decreased activity in the anterior part 
of the ‘default mode’ network is associated with cognitive decline, i.e. with 
decreased executive function. 

• AD patients show decreased activity compared to healthy controls, after correction 
for GM volume, in the RSN comprising the dorsal visual-attention system. The MCI 
patients showed no significant difference with either AD patients or controls after 
correction for GM volume. Adding the MCI patients to the AD group strengthened 
the effect found in the AD group by itself. 

• The model-free analysis approach used in this thesis to measure functional 
connectivity proved more sensitive to detect group differences in a task-related 
FMRI study than the commonly used model-based analysis. 

• Changes in white matter integrity (that is, decreases in fractional anisotropy) are 
different between healthy aging and AD: the difference between healthy younger 
subjects and healthy older subjects is primarily located in frontal, parietal and 
subcortical areas whereas the difference between AD and healthy older subjects is 
located in the left temporal lobe. This suggests that AD is not merely accelerated 
aging. 

• Pharmacological intervention can induce changes in RSNs: after acute cortisol 
administration, increased intrinsic brain activity in the ‘default mode’ network was 
observed in healthy male subjects. 


