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Abstract
There has been a dramatic increase in the number of studies using resting state fMRI, a recent
addition to imaging analysis techniques. The technique analyzes ongoing low frequency
fluctuations in the blood oxygen level dependent (BOLD) signal. Through patterns of spatial
coherence, these fluctuations can be used to identify the networks within the brain. Multiple brain
networks are present simultaneously and the relationships within and between networks are in
constant dynamic flux. Resting state fMRI functional connectivity (rs-fMRI) analysis is
increasingly used to detect subtle brain network differences, and in the case of pathophysiology,
subtle abnormalities in illnesses such as Alzheimer’s disease (AD). The sequence of events
leading up to dementia has been hypothesized to begin many years or decades before any clinical
symptoms occur. Here we review the findings across rs-fMRI studies in the spectrum of
preclinical AD to clinical AD. In addition, we discuss evidence for underlying preclinical AD
mechanisms, including an important relationship between resting state functional connectivity and
brain metabolism, and how this results in a distinctive pattern of amyloid plaque deposition in
default mode network regions.
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Resting State fMRI Background
Resting state functional connectivity fMRI (rs-fMRI) is a recent addition to imaging analysis
techniques. In the literature there are several synonyms, including resting state functional
connectivity, spontaneous activity, intrinsic functional connectivity and task free functional
connectivity, where “functional connectivity” is used to distinguish it from structural
connectivity. For the purposes of this review it will be referred to as rs-fMRI. In the context
of experimentation, “rest” refers to a constant condition without imposed stimuli or other
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behaviorally salient events; there is no task performance. Subjects typically are asked to rest
quietly with their eyes closed or fixated on a cross-hair for a relatively short time period (5–
10 minutes). The objective of resting state experiments is to capture the statistical properties
of endogenously generated neural activity during the acquisition of blood oxygen level
dependent (BOLD) data (see Figure 1A and B). During quiet wakefulness, humans
experience stimulus independent thoughts(1–2), which are not easy to relate to objectively
measured fMRI responses(3–4). As such, the resting state is uncontrolled according to usual
cognitive neuroimaging conventions(5). However, resting state BOLD fluctuations appear to
be a fundamental property of the brain that are found during sleep(6) and even during
general anaesthesia(7).

The BOLD signal exhibits low-frequency spontaneous fluctuations in the resting brain that
had initially been thought to represent noise. In 1995 Biswal(8) demonstrated that these low
frequency (0.1 to 0.01 Hz) fluctuations in BOLD signal were highly correlated across the
hemispheres in the bilateral motor cortices. Subsequently the low frequency fluctuations
were shown to be of neural origin and specific to gray matter(8–9). The correlational
structure of these rs-fMRI fluctuations among brain regions when determined, can be used
to identify networks within the brain(10–11). Proceeding in this manner, resting state BOLD
correlations have been shown to recapitulate the topography of task-evoked responses now
in most cortical and subcortical systems in the human brain (for reviews see(12–13)). As
shown in Figure 1D, multiple brain networks are present simultaneously and the
relationships within and between networks are in constant dynamic flux. However, given
that rs-fMRI measures the correlation of time series it is important to consider potential
confounds, such as changes in cerebral hemodynamics in AD(14). Another important
methodological issue is physiological and scanner noise. A widely used approach to reduce
noise is regressing out the global signal(15–16), regressing out signal from white matter and
ventricles, as well as measuring cardiac and respiratory signals in the scanner(17), so that
these noise sources can be removed. An additional source of noise is motion artifact, and as
recent reports have shown(18), it is critical to account for and control this variable.

There are two main methodologies used to characterize resting state functional connectivity.
One approach uses a region-of-interest (ROI) (or “seed based”) approach and the other uses
independent component analysis (ICA). These methods are reviewed elsewhere(12). Briefly,
ROI analysis involves an a-priori selection of a region from which the BOLD signal
fluctuations are selected and correlated with BOLD signal fluctuations from all the other
voxels in the brain. Voxels with significant correlations in low-signal fluctuations are then
selected for analysis. In ICA, several distinct resting state networks (RSN) are detected and
separated, based on their spatial patterns; voxel values selected reflect the degree to which
each voxel’s time series is correlated with the mean time series of the RSN(19). Whether
using ICA or ROI approaches, when comparing groups, the connectivity maps are then
compared using a two-sample t-test. Advantages of the hypothesis driven seed based (ROI)
approach include the ability to clearly visualize the anatomy of correlated regions;
disadvantages include the statistical challenge to simultaneously examine multiple networks.
ICA can examine multiple networks simultaneously but determining an optimal number of
components and separating noise related components is not standardized(19).

In addition to scans acquired during studies specifically devoted to task-free rest, other
methods have included cutting and pasting blocks of rest within a longer cognitive task(20),
and regressing task related activation out of the time series and then examining resting state
network connectivity using the residual signal(21). However in a study comparing results
limited to pure resting state scans with alternative methods, it was found(22) that when using
residual signal from extracted resting blocks, there was significant loss of signal.

Sheline and Raichle Page 2

Biol Psychiatry. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Resting State fMRI in MCI and AD
One of the most frequently used applications of rs-fMRI is in the characterization of brain
networks in Alzheimer’s disease (AD). AD usually begins insidiously, with episodic
memory disturbance and progresses towards a more general impairment in memory,
executive function, language, visuospatial function and other cognitive and behavioral
domains. An important advantage of resting state fMRI imaging in AD is the ability to scan
patients who are too impaired to actively participate in a task-based scanning paradigm or in
whom the interpretation of task-based fMRI responses would be confounded by differences
in task performance. Another potential utility is that potential treatments could be tested for
their ability to normalize rs-fMRI connectivity. As treatments that can slow disease
progression become available, the use of quantitative rs-fMRI evaluation may become an
important tool.

The rs-fMRI findings in AD and MCI have been fairly consistent across studies. Using
network analysis in a large sample (n=510) of cognitively normal CDR 0, CDR = 0.5 AD
and CDR = 1.0 AD, loss of intra-network connectivity was shown in large scale networks
including the default mode network (DMN), dorsal attention network, control network,
salience network and sensory motor network(23). Further, the between-network
connectivities also were decreased progressively as the degree of cognitive impairment
increased from CDR 0 to 0.5 to 1.0. A number of other studies in participants with AD and
Mild Cognitive Impairment (MCI) have found rs-MRI abnormalities in the DMN. The DMN
is comprised of a characteristic set of brain regions, including the precuneus/posterior
cingulate cortex (PCC), medial prefrontal cortex, lateral temporal and parietal cortices and
hippocampus. These regions are active at rest (hence the term “default”)(24) but during the
performance of demanding cognitive tasks, these regions show decreased activity.
Importantly, relevant to the study of AD, these regions are among the earliest to show
abnormal amyloid deposition(25). Studies finding alterations of rs-fMRI in the DMN(26–
28) primarily have found decreased connectivity. Decreased functional connectivity in the
posterior cingulate and hippocampus could explain the hypometabolism found in PET
studies in AD(29–30). Patients with MCI are at high risk for developing AD, with 10–15%
converting to AD per year(31) compared with healthy controls who develop dementia at a
rate of 1–2% per year(31–32). In these patients the same pattern of decreased functional
connectivity from the posterior to anterior portions of DMN has been identified(33–35).
Recent studies of resting state functional connectivity in mice validate the relationship
between elevated amyloid deposition and decreased resting state functional connectivity
seen in humans(36) (see Figure S1 in Supplement 1). Using optical imaging in a transgenic
mouse model of AD, Bero et al. showed that by 11 months of age, following amyloid
accumulation, there was a significant decrease in functional connectivity in both the
cingulate cortex (Figure S1B) and retrosplenial cortex (Figure S1B), the mouse equivalent of
the posterior cingulate/precuneus, both regions with early amyloid deposition in humans.
They also showed amyloid deposition and decreased functional connectivity in other regions
(not shown).

Some studies have found decreased DMN connectivity to be associated with increased
prefrontal connectivity(37) or with increased salience network connectivity(38). Several
activation fMRI studies in AD and MCI(39–40) showed decreased ability to deactivate
regions irrelevant for task performance. Further, the degree of deficit in deactivating cortical
regions was correlated with memory performance(41) and indicated deterioration in
cognitive task performance. Thus the ability to decrease brain activity in the DMN is
associated with brain health. This complements the hypothesis that increased medial
temporal lobe (MTL) activity represents compensatory activity(42–43) as cognition begins
to become impaired(44). With further impairment, MTL fMRI activity was found to
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decrease during memory tasks(42, 45). However, in contrast, some animal studies and a
recent study in humans suggest that increased activity reflects ongoing damage (see below)
and is harmful. In a group of MCI patients who had hippocampal hyperactivity during a
memory task, when a low dose of an anti-epileptic drug reduced the hyperactivity there was
a significant improvement in memory performance, compared with placebo(46)

Preclinical AD
There is evidence for a prolonged phase of ‘pre-clinical AD’(47–48) in which Aβ plaques
are accumulating for a number of years prior to first disease symptoms. Pathological
evidence first indicated that 20–30% of non-demented elderly who came to autopsy had
evidence of amyloid deposition(49). Fibrillar amyloid deposition was then shown to be
measurable in vivo using Pittsburgh Compound B (PIB) PET scanning(50) and, consistent
with autopsy findings, PET studies(25) identified increased amyloid deposition in
approximately 25% of cognitively normal elderly. The extent and pattern of amyloid burden
with [11C]-labeled PIB was found in some studies to differ in clinically diagnosed AD from
normal controls and from other dementias(51–52). The percent with elevated amyloid is age
dependent, with increasing numbers with amyloid deposition up to the eighth decade and
then leveling off(53). Cognitively normal elderly with increased amyloid binding on PET
imaging, as compared to those without increased amyloid, have cortical thinning in parietal
and posterior cingulate regions extending into the precuneus(54), a greater rate of change in
cognitive function(55), and an increased rate of progression to AD in a 3–4 year follow- up
period(56). An important recent observation supporting the amyloid hypothesis is the
existence not only of disease-inducing mutations involving amyloid but also a mutation in
amyloid precursor protein (APP) processing(57) that confers protection even in the face of a
double APOE4 allele.

The recent National Institute of Aging (NIA)/Alzheimer’s Association definition of
preclinical AD defined preclinical AD Stage I as asymptomatic cerebral amyloidosis (the
presence of amyloid on positron emission tomography (PET) scan or lumbar puncture (LP).
Stage II was defined as Stage I plus downstream neurodegeneration (the presence of
elevated tau on LP, abnormal fluor-deoxyglucose (FDG) metabolism on PET scan or
abnormal volumetric loss on structural magnetic resonance imaging (MRI) scan). Stage III
was defined as Stage II with the addition of subtle cognitive decline(58). Ultimately the
injury occurring during preclinical AD progresses and results in Alzheimer’s dementia(47,
59).

The sequence of events (See Figure 2 for a schematic representation) leading up to dementia
has been hypothesized to begin decades before any clinical symptoms occur. In this
sequence the initiating event is progressive amyloid accumulation. As shown in Figure 2,
amyloid accumulation (preclinical AD-Stage I) is imaged with positron emission
tomography (PET) scanning. Discussed below and shown in Figure 2, following PET
detection of amyloid and before structural damage is manifested as atrophy, abnormalities in
resting state functional connectivity can be detected on fMRI (see the following section).
There is subsequently a phase with tau protein buildup producing neurotoxicity. In some
models tau deposition is the first step in this sequence, with trans-synaptic spread(60–61);
however tau deposition is also a consequence of normal aging(49, 60). Tau deposition,
augmented by oxidative damage and inflammation, results in neuronal death, seen
cumulatively as atrophy in imaging studies (Figure 2). Following atrophy, cognitive decline
produces progressive clinical deterioration.

While the sequence of amyloid deposition continuing to resting state fMRI abnormalities
then to volume loss and finally to cognitive loss is observed in general, there are notable
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exceptions. For example, the hippocampus is affected early by pathological changes (49)
and by clinically observed memory loss but is among the last regions to show amyloid
plaque deposition(62). Similarly, as shown in the recent Dominantly Inherited Alzheimer’s
Network (DIAN) cohort, medial prefrontal cortex had relatively normal metabolism on FDG
PET but early plaque deposition and the caudate had minimal volume loss despite
substantial amyloid deposition(63). Thus, in addition to understanding the general pattern, it
will be important to understand differential patterns of tissue response to amyloid deposition
(likely associated with glycolysis, see below) and differential sensitivity to the toxic effects
of amyloid deposition resulting in atrophy.

Finally, another caveat to the sequence proposed in Figure 2 is that some resting state
studies show differences in functional connectivity prior to evidence of fibrillar amyloid
deposition. For example we showed(64) that APOE4 positive subjects who were both PIB
negative and also had normal CSF levels of Aβ42 nonetheless had lower functional
connectivity of precuneus to hippocampus and anterior cingulate. In addition these subjects
had a number of other differences in brain functional connectivity compared with non-
APOE4 carriers that did not appear in AD. It is not clear if these additional resting state
differences reflect an effect of amyloid detectable prior to PET scan, or more likely, whether
these additional rs-fMRI differences reflect other effects of genetically induced
neurodevelopmental brain differences. Other papers also suggest that earlier abnormalities
involving synaptic function may antedate amyloid deposition(65) (66–67).

Resting State fMRI in Preclinical AD
Resting state fMRI functional connectivity (rs-fMRI) analysis is increasingly used to detect
subtle brain network abnormalities in illnesses such as Alzheimer’s disease (AD). An
important question has been whether the effects of fibrillar amyloid-beta could be detected
in brain functional studies as well as in molecular imaging studies prior to the development
of cognitive change. Several studies using resting state functional MRI(68–70), have
supplied supporting evidence, demonstrating, that as in AD and MCI there is significantly
decreased default mode network (DMN) connectivity in cognitively normal elderly with
elevated brain amyloid. Shown in Figure 3, in early Alzheimers disease (clinical dementia
rating scale, CDR = 0.5) resting state functional connectivity of the precuneus (part of
DMN) was significantly decreased with the left hippocampus, anterior cingulate cortex and
gyrus rectus and increased with visual cortex (Figures 3a and 3b). The same pattern of rs-
fMRI abnormalities was found in cognitively normal persons with elevated amyloid (Figures
3c and 3d), supporting the concept that amyloid deposition results in changes in rs-fMRI
functional connectivity prior to any clinical symptoms.

Studies examining the effect of amyloid burden on rs-fMRI have consistently demonstrated
decreased functional connectivity of DMN from the posterior portion (precuneus, posterior
cingulate) to the anterior portion (anterior cingulate cortex) and from precuneus to
hippocampus(68–69). Decreased functional connectivity was also observed when amyloid
burden was treated as a continuous variable(69). In these studies all participants were
cognitively normal and did not differ from controls on tests of cognitive performance. The
finding that connectivity between precuneus and hippocampus was significantly lower in
individuals with amyloid plaques versus those without evidence of brain Aβ plaques,
indicated that resting state functional disconnection already had occurred in nondemented
aging in the presence of Aβ plaques. Because there are extensive anatomical connections
between posterior cortical regions and hippocampus and parahippocampus, including the
entorhinal cortex(71), a finding also seen in the macaque(71–72), it is possible that even
without observable Aβ deposits in the hippocampus, the Aβ deposits in the precuneus may
alter hippocampal function. The precuneus is known to have very early involvement in
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amyloid plaque deposition(25) and may play a critical role in memory function. Thus, it is
consistent that before any manifestations of cognitive or behavioral changes, early
manifestation of Aβ toxicity could be detected using resting state fMRI(68).

Another study built on the notion of brain “hubs” to investigate the effects of amyloid(73).
Brain hubs are brain regions densely connected to multiple other brain regions and as such
occupy a central role in both functional and structural brain relationships. Drzezga et al(73)
found that older individuals with increased brain amyloid burden had disruptions of
functional connectivity in cortical hubs, e.g. precuneus/posterior cingulate, in the absence of
clinical symptoms and that connectivity disruptions were associated with hypometabolism
on FDG PET studies in the same regions. The authors concluded that spatial overlap
between hypometabolism and disruption of connectivity in cortical hubs pointed to
particular susceptibility of these regions to early changes on the path to Alzheimer’s disease
and might reflect a link between synaptic dysfunction and functional disconnection. One
study(74) found both decreases and increases in default mode network connectivity as a
function of increasing amyloid deposition in cognitively normal elderly, speculating that the
increases may represent compensatory activity.

Relationship between resting state functional connectivity and brain
metabolism

Part of the emerging puzzle may require a greater understanding of the relationship between
resting state functional connectivity and brain metabolism. Measurements of brain energy
metabolism using magnetic resonance spectroscopy (75–76) in a variety of experimental
settings have indicated that up to 80% of the entire energy consumption of the brain at rest is
spent on glutamate cycling, with the majority of that energy produced by oxidative
phosphorylation coupled to aerobic glycolysis. An observation that earliest deposition of
amyloid occurred in brain regions with high activity was first made in rodents(77) and
hypothesized to occur in humans(78). More recently(79), this was borne out experimentally
with the demonstration of correlations between 11C-PIB binding and aerobic glycolysis both
for individuals with AD (p < 0.0001) and for cognitively normal amyloid positive
participants (p < 0.0001), suggesting a possible link between regional aerobic glycolysis and
later development of Alzheimer pathology. As shown in Figure 4, the regions with high
aerobic glycolysis correspond almost exactly to DMN regions. These are many of the same
regions which in Alzheimer’s disease show decreased activity on FDG PET and increased
amyloid deposition. The very distinct pattern of distribution of Aβ in AD suggests that
something specific to these brain areas predisposes them to the pathophysiology of AD(78).
Paradoxically, drugs that augment aerobic glycolysis were shown to enhance neuronal
survival in a mouse AD model, leading the authors to speculate that aerobic glycolysis may
be elevated in areas of brain most susceptible to insult as a pre-emptive protective
mechanism or in response to Aβ accumulation during aging, and that loss of this protective
mechanism might render particular areas of the brain susceptible to Aβ-induced
neurotoxicity (80). Because many critical functions are associated with glucose outside its
traditional role in supplying energy through oxidative phosphorylation (81–82), this
relationship might signal a causal element in the chain of events leading to AD, including
disruption of synaptic function.

Glucose, apart from the generation of ATP through oxidative phosphorylation, is vital for
synaptic function in several ways. First, it is critical for glutamate removal from the synaptic
cleft into astrocytes(83) by providing ATP to Na/K ATPase, and failure to do so can be
damaging through excitotoxic effects of excessive glutamate(84). A second synaptic role for
glucose is the Na/K-ATPase regulation of AMPA receptor turnover, also fueled by
glycolysis(85). It has been hypothesized that the loss of AMPA receptors occurs in
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conjunction with Aβ-induced synaptic depression and the loss of dendritic spines(86). A
concentration-dependent, Aβ-induced interference with the delivery of ATP to Na/K-
ATPase in astrocytes and post synaptic densities could link elevated levels of Aβ to synaptic
depression, loss of dendritic spines, and glutamate-induced excitotoxicity. In addition to its
role specifically at the synapse, glucose also plays a critical role in protecting the brain
against reactive oxygen species (ROS) and diminishing oxidative stress(87), which is
thought to play an important role in the pathophysiology of AD(88–89).

Astrocytes may provide neurons with both lactate to supplement glycolysis in fueling
oxidative phosphorylation(90) and with precursors of glutathione(91) that are released from
the cell and made available to neurons for ameliorating ROS(90–91). When cultured
astrocytes incorporate Aβ, which aggregates within these astrocytes at high concentrations,
glycogen synthesis, oxidative phosphorylation, and the production of ROS all increase
significantly(91). When neurons are introduced to astrocytes pre-exposed to Aβ, there is a
significant decrease in neuronal viability. One caveat regarding this work is that it was all
performed in embryonic stem cells and it remains to be shown whether the same
relationships exist in adult cells.

Timeline, Differential Diagnosis and Future Directions
Resting state intrinsic activity may be as significant as, if not more so, than evoked activity
in terms of overall brain function. The intimate association between resting state activity and
amyloid-beta deposition reflects the characteristic pattern of amyloid deposition. As shown
in Figure 3b, amyloid-beta depositions appears to be the earliest event in pre-clinical AD
measureable with imaging techniques, followed by alterations in resting state functional
connectivity (see above for exceptions) and then structural loss as determined by 3-D
volumetrics. While there is now beginning to be longitudinal data on PET amyloid
deposition, the longitudinal characteristics of rs-fMRI remain to be determined. Currently
there have been no large scale studies conducted to examine longitudinal resting state fMRI
changes in preclinical AD, although efforts are underway as part of the Alzheimers Disease
Neuroimaging Initiative (ADNI) and the Dominantly Inherited Alzheimers Network
(DIAN). ADNI is collecting longitudinal imaging studies in all stages of the disease to
determine the extent to which baseline measures predict rates of subsequent clinical
progression and post-mortem neuropathology. More information is needed to assess test-
retest reliability and natural history to help provide sample size estimates. The exact
relationship of the duration of rs-fMRI changes prior to development of structural MRI
changes remains to be determined. In addition, the specificity of resting state functional
connectivity changes (and their ability to be used as a biomarker) in the amyloid-positive to
AD spectrum is still being investigated, although preliminary evidence suggests a pattern
distinct from Lewy body dementia(92) and fronto-temporal dementia(93). With further
characterization of the relationship of disturbances among brain networks and the
timecourse over which they develop it may be possible to add rs-fMRI to the biomarkers
distinguishing among the dementias. This would be a particularly valuable tool in the case of
Lewy body dementia, which commonly is associated with pathological deposition of brain
amyloid. In summary, the potential use of rs-fMRI in identifying early manifestations of pre-
clinical AD and distinguishing it from other dementing disorders is a promising area of
investigation and remains to be fully developed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
From the fluctuating patterns of intrinsic activity seen in the human brain with fMRI BOLD
imaging striking patterns of spatial coherence within known brain systems can be extracted.
A single subject example of data from which these patterns are derived is shown (A). These
data were obtained continuously over a period of 5 minutes (each row is one minute, each
frame is 2.3 seconds). An interpolated version of these data in a movie format may be
downloaded from (ftp://imaging.wustl.edu/pub/raichlab/restless_brain). Patterns of spatial
coherence are obtained by placing a seed region in a single focus within a system (in this
case in the sensorimotor cortex) and extracting the resulting BOLD time series (B). This
time series is then used to search the brain for correlated time series. The results are brain-
network specific images of spatial coherence in the ongoing activity of the brain (C). This
strategy has been applied with ever increasing sophistication to systems throughout the
human brain. A more complete description of the data processing steps leading to such
images is presented elsewhere along with alternate strategies (94). Shown in (D) are 7 major
brain networks analyzed in this way accompanied by a. cross-correlogram constructed from
regions of interest within the 7 brain networks shown. The data represent a 30 minute
average from a normal adult male volunteer resting quietly in 3T scanner (Siemens Trio) but
awake. The names of the regions are shown along the right. The diagonal of the correlogram
represents the correlation of each region with itself. It should be noted that while
correlations within networks appear distinctive in this presentation, relationships among
networks (both positive and negative) are also prominent emphasizing the integrated nature
of the brain’s functional networks. An additional important feature of the data presented in
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this cross-correlogram is its temporal dynamics. While not feasible to present in the form of
static images these temporal dynamics in movie format may be downloaded from (ftp://
imaging.wustl.edu/pub/raichlab/restless_brain).
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Figure 2. Timecourse from Preclinical to Clinical AD: Pathophysiology and Imaging
Preclinical AD has been hypothesized to begin many years or decades before clinical
symptoms. Progressive amyloid accumulation occurs early, with models for the kinetics of
amyloid accumulation shown with different dotted lines. As yet the kinetics remain to be
determined. Tau deposition, augmented by oxidative damage and inflammation, results in
neuronal death. In the figure the timing and onset of tau deposition, inflammation, activated
microglia, oxidative stress and other mechanisms is not meant to be precise but is simply
meant to show onset during the preclinical phase. Following onset of cognitive decline
clinical progression occurs resulting inevitably in death. The definitive diagnosis of AD can
only be made post-mortem with autopsy showing neuropathological features of senile
plaques and neurofibrillary tangles.
Amyloid accumulation is imaged with positron emission tomography (PET) scanning
(dotted curve). Kinetic models for amyloid deposition remain to be determined. Following
PET detection of amyloid and before structural damage, abnormalities in resting state
functional connectivity can be detected on fMRI (red curve) (see text for exceptions).
Progressive neurotoxicity manifests cumulatively as structural damage in imaging studies
(blue curve). Following structural damage, cognitive decline produces progressive clinical
deterioration.
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Figure 3. Similarity in Regions of Connectivity Loss in Early AD and Cognitively Normal
Elderly with Increased Brain Amyloid Binding
Figure 3A and 3B: Resting state functional connectivity is significantly decreased in early
Alzheimers disease. Using the precuneus as the seed region there is less functional
connectivity with the left hippocampus (L Hip), left parahippocampus (L Parahip), anterior
cingulate cortex (AC) and gyrus rectus (GR) and increased connectivity with visual cortex
(VC). Figure 3C and 3D: Again using the precuneus as the seed region, the same pattern of
rs-fMRI abnormalities was found in cognitively normal persons with elevated amyloid
binding on PIB-PET. The regions with decreased functional connectivity are shown in blue
and those with increased connectivity are shown in red. Adapted from Sheline et al (68).
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Figure 4. Default Mode Network Regions Have Elevated Glycolysis in Normals and Decreased
Glucose Metabolism and Amyloid Binding in AD
4a) Default mode network (DMN) regions have increased aerobic glycolysis; 4b) DMN
regions in the normal brain; 4c) DMN regions have decreased glucose metabolism in AD;
4d) DMN regions are the first to develop amyloid deposition in AD.
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