
Resting-state functional magnetic resonance imaging 

(fMRI), a technique used to image intrinsic functional 

brain connectivity, is considered a promising biomarker 

for Alzheimer’s disease (AD) as functional brain changes 

are thought to precede structural brain changes. Previous 

work has shown that resting-state functional connectivity 

is sensitive to functional brain changes related to AD 

pathology across the clinical spectrum. Resting-state 

functional connectivity changes within the default mode 

network, originally identifi ed by Raichle and colleagues 

[1], have been observed in healthy aging [2,3], mild 

cognitive impairment, a prodromal stage of AD [4-6], 

and AD [7-9].

In a review in a previous issue of Alzheimer’s Research 

& Th erapy, Vemuri and colleagues [10] point out that the 

most consistent fi nding across previous resting-state 

fMRI studies of AD is decreased functional connectivity 

in AD patients versus healthy older controls in a posterior 

default mode network region composed of the precuneus 

and posterior cingulate cortex. Th e review furthermore 

addresses the recent fi ndings of several additional studies 

showing increased connectivity in AD patients versus 

healthy older controls in frontal default mode regions. 

Th is increase in functional connectivity could be inter-

preted as a possible compensatory mechanism (within 

the default mode network) that is triggered by the 

functional loss in posterior brain regions. Th is process is 

similar to the increased activity that has been observed in 

frontal brain regions in task-related fMRI studies of aging 

and that has been associated with better performance 

[11]. Recently, two longitudinal resting-state studies that 

support this idea of a compensatory mechanism in the 

progression of AD were published [12,13]. In patients 

with amnestic mild cognitive impairment, functional 

connectivity within posterior default mode brain regions 

was increased in comparison with healthy controls; 

however, at follow-up, connectivity in these areas was 

decreased and connectivity in frontal default mode 

regions was increased [12]. In patients with AD, connect-

ivity at baseline was decreased in the posterior default 

mode areas and increased in frontal regions in compari-

son with healthy controls. However, at follow-up, patients 

showed decreased connectivity throughout the entire 

default mode network [13]. Th ese results suggest that, 

within the default mode network, hyper-connect ivity 

precedes hypo-connectivity of a brain region, and this 

may signal the early phase of brain dysfunction. Note that 

the observed connectivity changes follow the trajectory 

of neuropathology as previously described by Braak and 

Braak [14], which aff ects the medial temporal lobe fi rst, 

followed by posterolateral cortical regions and, in the 

latest stages, the frontal cortex. Th ese previous fi ndings, 

which outline the functional connectivity changes as the 

disease progresses, support the potential of resting-state 

fMRI as a biomarker to uncover signs of incipient AD.

In our longitudinal study [13], most brain clusters that 

over time showed a decrease in functional connectivity in 
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patients showed an increase in controls. Th ough very 

tentative, this fi nding could support the theory that this 

process of hyper-connectivity, which refl ects functional 

compensation, already starts in normal aging. In their 

review, Vemuri and colleagues mention that, even though 

changes in the default mode network have been observed 

in normal aging, the age eff ect is accelerated in AD [15]. 

A critical question that needs to be addressed is whether 

we will be able to distinguish early abnormal connectivity 

changes from normal age-related changes. Th erefore, an 

avenue for future research is to study longitudinal 

functional connectivity changes in normal older adults 

and investi gate the eff ects of certain risk factors for AD, 

such as genetics, gender, cognitive function, and physical 

fi tness, on these changes.

However, before resting-state functional connectivity 

can be implemented as a biomarker for AD, there are still 

some additional issues that need to be addressed. So far, 

the ability to meaningfully use fMRI data (that is, data of 

resting-state as well as task-related fMRI) on a single-

subject level has been very limited. Changes in the 

acquisition of fMRI data could potentially improve the 

signal-to-noise ratio of the data and thus increase the 

power of our statistical analyses. In addition, changes in 

the analysis methods may further improve the sensitivity 

of the measurements. One example of such an improve-

ment in the analysis methods is the creation and subse-

quent use of a functional brain atlas instead of a 

structural brain atlas for assessing functional connectivity 

strength. Moreover, there is a lot of variability between 

individual patients and this possibly also explains why it 

has been diffi  cult to obtain an adequate level of sensitivity 

and specifi city by using classifi cation procedures. By 

following the functional connectivity changes in disease 

progression and additionally investigating the very early 

(that is, latent) stage of AD, we may be able to understand 

the changes that take place during the entire disease 

trajectory. Th is knowledge may help us improve our 

ability to appropriately classify new subjects and ulti-

mately allow us to use resting-state functional connect-

ivity as a biomarker for AD.
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