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Detecting early changes in Alzheimer’s disease
with graph theory

This scientific commentary refers to
‘Single-subject grey matter network
trajectories over the disease course of
autosomal dominant Alzheimer dis-
ease’, by Vermunt et al. (https://doi.
org/10.1093/braincomms/fcaa102).

Alzheimer’s disease has a long preclin-
ical phase during which pathophysio-
logical changes accumulate in the
brain in the absence of clear cognitive
symptoms. The order and rate of these
changes can be estimated in mutation
carriers of familial Alzheimer’s disease,
who have a predictable age of onset
that can be used to assess the sequence
of changes that eventually lead to de-
mentia. This sequence has been shown
to begin with decreases of amyloid in
the cerebrospinal fluid 25 years before
symptom onset, followed by AP de-
position on positron emission tomog-
raphy, increased concentrations of tau
protein, brain atrophy and hypome-
tabolism (Bateman et al., 2012).
However, it is currently unclear when
brain network disruption emerges in
this temporal sequence. This is import-
ant as brain connectivity is crucial for
normal cognitive functioning and can
potentially track the spread of patho-
logical changes in Alzheimer’s disease
(Griffa et al., 2013). In this issue of
Brain  Communications,  Vermunt
et al. (2020) address this knowledge
gap and show compelling evidence
that brain connectivity starts changing
as early as 13 years before symptom
onset in familial Alzheimer’s disease.

This evidence was obtained in a large
cohort of individuals from the
Dominantly ~ Inherited  Alzheimer
Network (DIAN) by combining struc-
tural MRI with graph theory. After
building grey matter covariance net-
works for each individual, the authors
found that the earliest changes were
located in the precuneus and that spe-
cific network measures correlated with
relevant disease biomarkers such as
amyloid accumulation, brain metabol-
ism, cortical thickness and cognition.
These findings open new opportunities
for the application of brain connectiv-
ity measures as a non-invasive tool to
improve the early diagnosis and track
disease progression in Alzheimer’s
disease.

There is consistent evidence show-
ing that, rather than relying on iso-
lated brain areas, cognitive functions
depend on the communication be-
tween interconnected regions across
large-scale networks (Griffa et al.,
2013). Thus, studies assessing such
interactions and networks are valu-
able for understanding conditions
associated with cognitive decline and
dementia such as Alzheimer’s disease.
In the past few years, the study of
brain networks has been transformed
by a mathematical approach based
on graph theory, which represents
the brain as a set of nodes connected
by edges. This representation of the
brain can be used to assess important
measures that reflect its topological
architecture such as short network

paths or local clusters of connections
(Mijalkov et al., 2017). In the study
by Vermunt et al. (2020), the authors
applied a graph theory approach to
study the network topology in muta-
tion carriers of familial Alzheimer’s
disease. They found that the earliest
network changes could be observed
13 years before disease onset and
consisted of shorter network paths or
more direct links between brain
areas. These findings confirm previ-
ous reports of altered path lengths in
the networks of patients with sporad-
ic Alzheimer’s disease and suggest
that network paths could be used as
early measures of network disruption
in asymptomatic high-risk individu-
als. Another interesting finding is the
fact that these changes were most
prominent in the precuneus, an area
that is known to play an important
role as a brain hub, displaying a high
number of connections to other brain
regions. In addition, the precuneus is
especially important for Alzheimer’s
disease because it overlaps with one
the main sites of early amyloid accu-
mulation (Palmqvist ez al., 2017) and
belongs to a network with important
memory functions known as the de-
fault-mode network (Bahk and Choi,
2018). The fact that the network
paths were shorter in this particular
region could be due to a compensa-
tory mechanism by which the number
of direct connections to other brain
regions would increase in mutation
carriers in order to withstand the
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effects of pathology, a phenomenon
also known to occur in individuals
with higher genetic risk for develop-
ing sporadic Alzheimer’s disease
(Bondi e al., 2005).

Moreover, the authors found that
the changes in the network paths were
followed by a loss of small-world or-
ganization and reduced local clusters
of connections, which are directly
related since a small-world organiza-
tion requires a high number of local
clusters in the network in addition to
a few short network paths. The fact
that these measures were found to de-
crease together suggests that the brain
networks of individuals who will even-
tually develop Alzheimer’s disease be-
come progressively more random over
time, with more direct paths and less
clusters, loosing their balance between
global and local connectivity. These
findings highlight the important role
that network topology has in the de-
velopment of Alzheimer’s disease indi-
cating that complex measures that
combine information embedded in
clusters and paths change earlier and
are associated with other pathological
changes such as amyloid deposition,
brain hypometabolism and cognitive
deficits. This was further confirmed by
the author’s additional results showing
that simple network measures such as
the degree and density, which basically
reflect the number of connections in
the network, changed later in the
course of the disease and were closer
to the symptom onset.

Thus, alterations of network top-
ology could become an important
biomarker for Alzheimer’s disease
and help understanding the underly-
ing mechanisms that drive cognitive
decline and dementia. This calls for
studies assessing the biological mean-
ing of topological measures and
what they actually reflect in
Alzheimer’s disease. In particular,
despite extremely valuable, it is cur-
rently unknown the exact underpin-
nings of networks built using
correlations between grey matter
areas, which Vermunt et al. used in
their seminal study. A common

interpretation is that these structural
correlations result from some kind of
brain connectivity such as the physic-
al connectivity of white matter tracts
or the functional connectivity of syn-
chronous activation patterns
(Alexander-Bloch et al., 2013). In a
previous study comparing white mat-
ter connections with structural corre-
lations, it was found that ~40% of
structural correlations overlap with
white matter tracts (Gong efr al.,
2012). In addition, a study compar-
ing the spatial organization of clus-
ters  defined using  structural
correlations of grey matter or func-
tional connectivity, found a striking
spatial overlap between the two sets
of clusters identified in the two dif-
ferent approaches (Kelly et al.,
2012). Altogether, this suggests that
structural covariance might be asso-
ciated with both white matter and
functional connectivity but more
studies are needed to further investi-
gate this, particularly in patients
with  preclinical and  clinical
Alzheimer’s disease.

In summary, the study by Vermunt
et al. (2020) demonstrates that altera-
tions of network topology may be a
key feature of early stages of
Alzheimer’s disease and a plausible
mechanism by which the whole brain
networks become progressively more
random over time. Identifying abnor-
malities within these networks may be
useful in understanding how changes
associated with amyloid and potential-
ly tau pathology spread through inter-
connected brain areas, paving the way
to cognitive decline. A key issue mov-
ing forward will be to investigate the
exact neurobiological factors that
drive the changes in the paths, clusters
and small-world properties the authors
have observed in their study as well as
replicating their findings in independ-
ent samples.

Joana B. Pereiral?

1 Division of Clinical Geriatrics,
Department of Neurobiology, Care
Sciences and Society, Karolinska Institute,
Stockholm 141 83, Sweden

Scientific Commentary

2 Clinical Memory Research Unit,
Department of Clinical Sciences, Lund
University, Malmo SE-20502, Sweden

Correspondence to: Joana B. Pereira, PhD
Division of Clinical Geriatrics,
Department of Neurobiology, Care
Sciences and Society, Karolinska Institute,
Stockholm, Sweden.

E-mail: joana.pereira@ki.se

d0i:10.1093/braincomms/fcaal129

Funding

J.B.P. is currently supported by grants
from the Swedish Research Council
(#2018-02201), Hjirnfonden (#FO2019-
0289), Alzheimerfonden (#AF-
930827) and the Strategic Research
Programme in Neuroscience at
Karolinska  Institutet  (Stratneuro
Startup Grant).

Competing
interests

The authors report no competing
interests.

References

Alexander-Bloch A, Giedd JN, Bullmore E.
Imaging structural co-variance between
human brain regions. Nat Rev Neurosci
2013; 14: 322-36.

Bahk YC, Choi KH. The relationship be-
tween autobiographical memory, cogni-
tion, and emotion in older adults: a
review. Aging Neuropsychol Cogn 2018;
25: 874-92.

Bateman R], Xiong C, Benzinger TL, Fagan
AM, Goate A, Fox NC, et al. Clinical and
biomarker changes in dominantly inherited
Alzheimer’s disease. N Engl ] Med 2012;
367: 795-804.

Bondi MW, Houston WS, Eyler LT, Brown GG.
fMRI evidence of compensatory mechanisms
in older adults at genetic risk for Alzheimer
disease. Neurology 2005; 64: 501-8.

Gong G, He Y, Chen ZJ, Evans AC.
Convergence and divergence of thickness
correlations with diffusion connections
across the human cerebral cortex.
Neuroimage 2012; 59: 1239-48.



Scientific Commentary BRAIN COMMUNICATIONS 2020: Page 3 of 3 | 3

Griffa A, Baumann PS, Thiran JP, Mijalkov M, Kakaei E, Pereira JB, Westman occurs within the default-mode network

Hagmann P. Structural connectomics in
brain diseases. Neuroimage 2013; 80:
515-26.

Kelly C, Toro R, Di Martino A, Cox CL,
Bellec P, Castellanos FX, et al. A conver-
gent functional architecture of the insula
emerges across imaging modalities.
Neuroimage 2012; 61: 1129-42.

E, Volpe G, for the Alzheimer’s Disease
Neuroimaging Initiative. BRAPH: a graph
theory software for the analysis of brain
connectivity. PLoS One 2017; 12:
€0178798.

Palmqvist S, Scholl M, Strandberg O,

Mattsson N, Stomrud E, Zetterberg H, et
al. Earliest accumulation of p-amyloid

and concurrently affects brain connectiv-
ity. Nat Commun 2017; 8: 1-3.

Vermunt L, Dicks E, Wang G, Dincer A,

Flores S, Keefe SJ, et al. Single-subject grey
matter network trajectories over the dis-
ease course of autosomal dominant
Alzheimer disease. Brain Commun 2020;
doi:10.1093/braincomms/fcaa102





