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A
Abstract

Age-related brain changes are the main cause of cognitive decline. Active cognitive task perform-
ance as well as resting-state activity might be a sensitive index for studying differences in aging.
We investigated age-related changes in the spontaneous neuronal activity with functional mag-
netic resonance imaging (fMRI) in a resting-state condition. To evaluate differences in aging, we
analyzed functional connectivity between resting-state networks in two groups of older and
younger healthy volunteers. Seven resting-state networks were isolated, and cross-correlation
matrices were computed for the time courses. Older subjects showed decreased activity of the
auditory, visual, sensory-motor networks, frontoparietal and salience networks accompanied by
increased coupling of the salience network with the sensorimotor and default mode network
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compared to younger subjects. The age-related differences in functional connectivity may be due
to aging impairment of the prefrontal cortex leading to a loss of activation in the salience, senso-
rimotor and visual networks in older subjects compared to the younger subjects. However, the
default mode network was more prominent in the left hemisphere and showed more coupling
with the salience network in older subjects than in younger subjects, indicating possible compen-
satory engagement of cognitive control regions in resting-state cognition. The results show that
independent of task design and performance the functional connectivity method reflects neural

changes in the aging brain.

Keywords: aging, resting-state networks, fMRI, sensory networks, cognitive control.

Introduction

Modern non-invasive neuroimaging
has increased our knowledge of neural
correlates of the active cognitive
process. At the same time, resting-state
neuroimaging has become common
method for studying the functional
organization of the brain due to repro-
ducibility in healthy populations and
sensitivity to altered neural conditions
including disease or aging. Numerous
studies have reported structured neu-
ronal activity reflected in spontaneous
fluctuations in the blood oxygenation
level-dependent (BOLD) signal, which
was stably presented without active
task performance or perceptive input
(Fox & Raichle, 2007; Damoiseaux et
al., 2006). This ongoing neural activity
at rest has been typically localized with
functional magnetic resonance imaging
(MRI) into a set of neuronal networks
or resting-state networks (RSNs).
These RSNs include sensory networks
consisting of auditory, visual or sensori-
motor brain structures and more com-
plex or cognitive networks such as the
frontoparietal and salience networks
(see review Lee, Smyser, & Shimony,
2013). The main resting-state network
is the default mode network (DMN),
which demonstrates a strong negative

correlation with tasks. This feature of
the DMN has initiated a number of
assumptions about the DMN in resting-
state cognition. Human consciousness
is based not only on sensory input and
active cognition. Non-sensory experi-
ence, self-reference and ongoing inte-
gration of cognitive and emotional
states also has an essential part in con-
sciousness highlighted as resting-state
cognition.

Recently, the functional connectivi-
ty (FC) of resting-state networks has
become an attractive method for study-
ing the relationship between ongoing
neural activity and resting-state cogni-
tion. FC analysis is used for the desc-
ription of inter-regional neural interac-
tions during cognitive or motor tasks as
well as of spontaneous activity during
rest. Different brain regions show
strong coherence in temporal fluctua-
tions or FC (Friston, Frith, Liddle, &
Frackowiak, 1993) forming functional
rather than structural networks.
Abnormal patterns of resting-state FC
have recently been investigated in a
variety of neuropsychiatric disorders,
and there is growing evidence that such
abnormalities may potentially provide
valid reliable biomarkers of diseases of
the brain (Broyd et al., 2009; Greicius,
2008). Fundamental factors, such as age
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and gender, also affect functional con-
nectivity based on their strong associa-
tions with the underlying anatomy
(Good et al., 2001; Balsters et al., 2013).
Temporal fluctuations in resting-state
brain activity are sensitive to age-relat-
ed neural changes and are correlated
with cognitive decline. In particular,
robust aging differences have been
observed in connectivity between nodes
of the DMN (Buckner, Andrews-
Hanna, & Schacter, 2008; Damoiseaux
et al., 2008). However, in addition to
repeated findings of decreased connec-
tivity within the DMN, the results for
other RSNs vary considerably. Many
discrepancies in previously reported
findings can be partially explained by
uneven vascular changes, sample sizes,
breathing and movement artifacts
(Allen et al., 2011; Balsters et al., 2013).
However, it is unclear why these dis-
crepancies do not affect the DMN to
the same extent.

In recent work, we focused on the
effect of age on the intensity, lateraliza-
tion and functional interconnection
between robust sensory and cognitive
RSNs. We evaluated age-related
changes in large-scale RSNs in two
groups of younger and older healthy
volunteers. We employed independent
component analysis (ICA) to identify
additional robust RSNs. We used the
intensity of RSN spatial maps to exam-
ine the size of the neural activity and
possible lateral asymmetry. Finally, we
applied FC analysis to each pair of the
RSNs, described by Jafri, Pearlson,
Stevens & Calhoun (2008). We hypoth-
esized that differences due to age might
appear not only within the DMN but
also in the connectivity of sensory with
cognitive networks. Data on altered
resting-state FC can provide additional

knowledge about the neuronal mecha-
nisms of cognitive aging.

Materials and Methods
Participants

The study included 15 young
(19-30 years old, mean age 24.3 = 3.6, 8
males) and 15 older (61-82 years old,
mean age 67.8 + 5.1, 8 males) healthy
right-handed participants recruited
through the Center for Speech Patho-
logy and Neurorehabilitation. All heal-
thy participants had no history of psy-
chiatric or neurological disorders and
were not taking any psychiatric or neu-
rological medications at the time of
testing. Other exclusion criteria for the
healthy volunteers were clinical or radi-
ological evidence of a previous in-
farction and MRI contraindications.

Ethics statement

This study was approved by the
Ethics Committee of the Institute of
Higher Nervous System and Neuro-
physiology of the Russian Academy of
Sciences and the Center for Speech
Pathology and Neurorehabilitation
(Moscow, Russia). All subjects provid-
ed written informed consent after they
received a complete description of the
study.

Data acquisition

Participants lay supine in an MRI
scanner (1.5 T MAGNETOM AVANTO
MRI Scanner, Siemens, Germany).
They were instructed to remain calm,
with their eyes closed, and awake and
avoid thinking about something in par-
ticular. A high-resolution T1-weighted
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anatomic rapid gradient-echo image
was acquired first (T1 MPRAGE
sequence: TR 1.9 s, TE 3.4 ms, FA 90°,
176 slices that were 1 mm thick with a
0.5 mm slice gap; field of view 256 mm
with matrix size 256X256). Then each
participant underwent a T2*-weighted
echo planar imaging (EPI) session con-
taining 180 volumes (9 min). The
parameters of the EPI sequence were as
follows: TR 3's, TE 50 ms, FA 15°, 32
slices that were 3 mm thick with a 0.8 mm
slice gap, the field of view was 192 mm
and matrix size 64X64.

Data preprocessing

The functional images were pro-
cessed with the statistical parametric
mapping toolbox (SPMS8; Wellcome
Department of Imaging Neuroscience,
London, England) for MATLAB 7.0.4
(MathWorks, Natick, MA, USA). The
preprocessing procedure included re-
alignment of the T2*-weighted images
for motion correction; the mean func-
tional image was used for co-registra-
tion with the anatomic image. Then all
images were normalized into the stan-
dard MNI space (Friston et al., 1994)
with the voxel size 1.5X1.0X1.5 mm3.
Smoothing was applied to the fMRI
images with a Gaussian kernel (FWHM
= 6 mm). Since RSNs are observed at
low frequencies (< 0.1 Hz) (Friston et
al., 2000), we applied band-pass tempo-
ral filtering. A fifth-order Butterworth
filter was used with the frequency win-
dow ranging from 0.01 Hz to 0.1 Hz.

ICA
All fMRI data were decomposed

into 30 independent components (ICs)
using the Group ICA toolbox (GIFT,

http://icatb.sourceforge.net/groupi-
ca.htm) with the Infomax ICA algo-
rithm (Bell & Sejnowski, 1995).
Additional preprocessing included
removing the mean for each time point
followed by principal component ana-
lysis with 45 principal components.
Subject-specific spatial maps were esti-
mated using the GICA3 back-recon-
struction method (Calhoun, Adali,
Pearlson, & Pekar, 2001) implemented
in GIFT. Activation spatial maps were
scaled to z-scores. Seven consistent net-
works (Figure 1) were chosen accord-
ing to the following two criteria: the
maximum overlap with the gray matter
regions and the maximum correlation
with  known ICA spatial maps
(Damoiseaux et al., 2006; Hacker et al.,
2013) generated by WFU PickAtlas
3.0.4 (Maldjian, Laurienti, Kraft, &
Burdette, 2003). The number of voxels
(NoV) was estimated for symmetrical
components in both hemispheres using
activation maps thresholded at z = 2
(Damoiseaux et al., 2006). The laterali-
ty index (LI) was calculated by the sub-
traction of the NoV in the right hemi-
sphere from the NoV in the left hemi-
sphere divided by their sum. The NoV
and LI scores are presented in Table 1.

FC analysis

Time courses corresponding to the
chosen ICs were processed with the
Functional Network Connectivity tool-
box (FNC; http://mialab.mrn.org/ soft-
ware/fnc/index.html). Pearson’s correla-
tion coefficients (CC) between the time
courses of the six chosen ICs were esti-
mated within a + 5 s window, and the
maximum values for each pair of net-
works underwent Fisher’s 7-to-z transfor-
mation. The z-scores of the correlation
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Figure 1

Spatial maps of the components revealed by ICA and corresponding to RSNs
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Note. Auditory (AUD), default mode (DMN), right frontoparietal (RFP), left frontoparietal
(LFP), salience (SAL), sensorimotor (SMN) and visual (VIS) networks are shown for z-scores thresh-
olded at z > 2 at the equal slices for each neural network in younger (A) and older (B) subjects. Slices

are presented in the neurological view.

coefficients, NoV in symmetrical com-
ponents in both hemispheres and the
LIs were subjected to factorial analysis
of variance (ANOVA) with Group and
Sex as the categorical predictors and
Age and Lesion Volume as the nuisance
variables. A post-hoc Tukey test was
used to control Type I errors.

Results
Resting-state networks

Seven of the 30 components were
selected for each group as they spatially
overlapped with RSNs presented in pre-
vious studies (Damoiseaux et al., 2006;
Hacker et al., 2013). These RSNs were
classified as follows: The visual network
(VIS) included the inferior, middle and
superior occipital gyrus and the tempo-

ral-occipital regions along with the
superior parietal gyrus; the auditory
network (AUD) included the bilateral
middle and superior temporal gyrus,
Heschl gyrus, insular cortex and tempo-
ral pole; the sensory-motor network
(SMN) included the pre- and postcen-
tral gyrus; the default mode network
(DMN) primarily involved the posteri-
or cingulate cortex, bilateral inferior
parietal gyrus, angular gyrus, middle
temporal gyrus, superior frontal gyrus
and medial frontal gyrus; the right fron-
toparietal network (RFP) and left fron-
toparietal network (LFP) included the
dorsolateral prefrontal and inferior
parietal cortices; and the salience net-
work (SAL) encompassed dorsal anteri-
or cingulate, insular and dorsolateral
prefrontal cortices. All RSNs are shown
in Figure 1. Activation of the frontal



38 0.V. Martynova, V.V. Balaev
Table 1
Number of voxels and laterality indices of RSNs for two groups of participants
Younger group Older group
The auditory network (AUD)
Right hemisphere (7.6 £ 1.0)*103 (7.1 £ 1.1)*10°

Left hemisphere*

(6.7 + 1.0)*103

(5.5 + 1.3)*10°

Laterality index

0.06 + 0.10

0.12£0.14

The visual network (VIS)

Right hemisphere*

(9.6 + 1.3)*103

(8.3 + 1.8)*10°

Left hemisphere

(6.7 +0.9)*103

(5.9 + 1.4)*10°

Laterality index

0.18 £0.05

0.17 £0.10

The sensory-motor network (SMN)

Right hemisphere (6.8 £ 1.7)*103 (6.4 £ 1.3)*10°
Left hemisphere* (7.3 £ 1.2)*103 (5.0 £0.9)*10°
Laterality index* —0.04 £0.15 0.13£0.10

The frontoparietal network (FP)

Right hemisphere* (6.2 +1.3)*103 (1.9 +£0.8)*103
Left hemisphere (5.9 + 1.3)*10° (3.6 £ 2.0)*10°
Laterality index* 0.03£0.12 —0.30 £ 0.20

The salience network (SAL)

Right hemisphere*

(7.5 + 1.4)*103

(6.2 +0.9)*10

Left hemisphere*

(6.5 + 1.2)*103

(5.5 £ 1.2)*103

Laterality index

0.06 £ 0.11

0.06 = 0.08

The default mode network (DMN)
Right hemisphere (7.2 £ 1.1)*103 (6.5 1.0)*10°
Left hemisphere* (5.5 +1.0)*103 (7.4 £ 0.9)*10°
Laterality index* 0.14 £0.10 —0.07 £ 0.07

* Significant differences between younger and older healthy participants.

lobe of the DMN was not observed in
any of the groups under investigation.
Table 1 shows the differences in the
NoV and LI scores for the RSNs in the
two groups. The NoV of the AUD was
significantly lower in the left hemi-
sphere in older subjects compared to
the younger subjects (p < 0.001). The

VIS volume was significantly lower for
older subjects in the right hemisphere
compared to that for the younger sub-
jects (p < 0.001). The NoV value of the
VIS decreased in the left hemisphere,
but this tendency was statistically
insignificant. The LI scores did not dif-
fer for the VIS and the AUD in both
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groups. The SMN was observed in less
volume in the left hemisphere for older
subjects in contrast with younger sub-
jects (p < 0.001) with a significant dif-
ference in the LI score. The activation
(the NoV and LI scores) in the fron-
toparietal networks was significantly
larger in the right hemisphere for the
younger subjects. The NoV value of the
SAL varied in the hemispheres between
the groups with a decrease from
younger to older subjects (p < 0.001),
but the SAL LI scores did not differ for
the groups. The opposite tendency was
observed only for the DMN volume,
which was higher in the left hemisphere
for the older subjects compared to the
younger subjects (p < 0.001) with a sig-
nificant difference in the LI scores
(Table 1). However, the LI values of all
networks for both groups were below
the significant threshold of 0.2, which
was previously used in laterality studies
(Seghier, 2008).

Differences in FC between each pair
of RSNs

Figure 2 illustrates the correlation
matrices between the seven networks
for each group.

Significant differences in CCs were
found between nine pairs of RSNs
(Figure 3). Correlation of the AUD
with the SMN and the SAL thus was
higher for younger subjects than for
older subjects (p < 0.001). Moreover,
correlation of the VIS-LFP was more
prominent for younger subjects than for
older subjects (p < 0.05). The RFP cor-
related to a greater extent with the LFP
network (p < 0.001); in addition, the
CCs of the LF-DMN were significantly
higher in the younger subjects than in
the older subjects (p < 0.05). The oppo-
site tendency with increased network
coupling in older subjects was observed
for the following pairs: SMN-RFP,
SMN-SAL, RFP-SAL and SAL-DMN.

Figure 2

Functional connectivity between RSNs. Cross-correlation maps between the time courses of the
RSN for the two groups: younger (A) and older (B) subjects

AUD VIS SMN RFP LFP SAL DMN

Young

AUD VIS SMN RFP LFP

Old

SAL DMN
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Figure 3

Mean correlation coefficients z-score comparison for two groups of subjects with dispersion
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Note. Significant differences (according to factorial ANOVA) are indicated by * for p < 0.05 and

** for p < 0.001.

Thus, the SMN correlated with the
SAL and the RFP significantly less in
the younger subjects than in the older
subjects (p < 0.05). The CCs of the
RFP-SAL and the SAL-DMN were also
higher in the older subjects than in the
younger subjects. The CCs for the AUD
and the other sensory networks (the
VIS and the SMN) did not vary signifi-
cantly across the two groups. In addi-
tion, there were no significant differ-
ences between the groups in the DMN-
RFP-LFP interaction.

Discussion

In the current study, we used ICA
and FC analysis in order to evaluate
age-related differences in the interac-
tions of well-known and widely
described RSNs (Jafri et al., 2008). The
ICA method of extracting neural acti-
vation avoids several issues. First, this
method helps overcome the hemody-
namic function shape changes followed
by vascular changes in the aging brain
and enhance the signal-to-noise ratio.

Second, ICA successfully separates
physiological noise from the BOLD sig-
nal changes related to neuronal activa-
tion (Beckmann, DeLuca, Devlin, &
Smith, 2005).

We identified seven RSNs in the two
groups: DMN, VIS, AUD, SMN, RFP,
LFP and SAL networks. The AUD, the
VIS and the SMN correspond to activi-
ty of sensory systems, while the DMN,
the RFP, the LFP and the SAL are asso-
ciated with higher cognitive functions.
Age effects were found in the inter-
hemispheric differences in RSN activa-
tion and FC between the networks.
Analysis of the spatial maps of the RSNs
showed more prominent activation in
the left hemisphere for the AUD and
the SMN in younger subjects compared
to older subjects. The numbers of active
voxels of the VIS and the frontoparietal
network were higher for the right hemi-
sphere in younger subjects than in older
subjects. Activation of the SAL was sig-
nificantly lower in both hemispheres in
older subjects. However, activation of
the DMN was more prominent in the
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left hemisphere in older subjects com-
pared to younger subjects.

The increased correlation of the
AUD-SMN, the VIS-LFP and the
AUD-SAL in the younger subjects in
contrast with the older subjects could
be associated with age-related vascular
and neuronal changes resulting in
decreasing power of sensory-cognitive
coupling. Previously, Allen et al. (2011)
showed a decrease in the majority of
between-network correlations with the
most prominent reduction in motor and
attention networks. The decrease in the
VIS volume in older subjects could also
be associated with a loss of vision with
age (Dagnelie, 2013). Additionally, the
SMN also exhibited a decrease in the
NoV in both hemispheres (with only
the value for the left hemisphere signif-
icant) in the younger and older subjects
in the current study.

The reduction in the VIS and SMN
volumes was accompanied by a signifi-
cant decrease in the activation of the
SAL in both hemispheres in older sub-
jects. Andres, Guerrini, Phillips &
Perfect (2008) reported that the pre-
frontal cortex, which is the part of the
SAL, mediates motor inhibition and
sensory suppression. Consistent with
this hypothesis, the decrease in the VIS
and the SMN could also be associated
with less activation of the SAL in older
individuals. In addition, the SAL
responds to behaviorally salient events
(Seeley et al.,, 2007). In another study
(McArdle, Ferrer-Caja, Hamagami, &
Woodcock, 2002), older healthy partic-
ipants showed poorer ability to inhibit
irrelevant or distracting stimuli and
greater difficulty with task-switching
and rule-learning cognitive abilities,
which are typically considered part of
executive function. This reduced ability

to prevent a prepotent response implies
that top-down modulation to inhibit
irrelevant information is less effective in
older participants (Verhaeghen &
Cerella, 2002). The decrease in the acti-
vation volume of the SAL with age
might indicate an impairment of atten-
tion related to the inhibition deficit
during task switching.

In the present study, the DMN
lacked the activation of the frontal lobe
described in resting-state research
(Beckmann et al., 2005; Damoiseaux et
al., 2006). Previously, several studies
have indicated that the core region of
the network is the precuneus (Utevsky,
Smith, & Huettel, 2014) and the frontal
lobe might be not identified statistical-
ly. In the current study, the analysis of
the spatial maps revealed that the DMN
was more prominent in the left hemi-
sphere in older subjects than in younger
subjects. This fact might be associated
with increased functional connectivity
within this network. Although most
resting-state fMRI studies reported
decreased functional connectivity in
normal aging, some studies showed
increased functional connectivity
(Celone et al., 2006; Hafkemeijer, van
der Grond, & Rombouts, 2012). For
example, Celone et al. (2006) observed
an increase in task-induced deactiva-
tion in patients with early stage mild
cognitive impairment compared to
those with advanced stage. However,
the functions of the DMN are too vast.
It engages in self-referential activity
(D’Argembeau et al., 2005; Gusnard,
Raichle, & Raichle, 2001) and autobio-
graphical thoughts about the past and
the future (Spreng, Stevens, Cham-
berlain, Gilmore, & Schacter, 2010;
Andrews-Hanna, Reidler, Sepulcre,
Poulin, & Buckner, 2010). The DMN
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has been suggested to reflect daydream-
ing or mind wandering (Gusnard et al.,
2001). Activity in the DMN disappears
when the brain is involved in attention-
demanding cognitive tasks (Raichle et
al., 2001) and is present when no such
task is performed. Alterations in the
DMN have been previously found in
patients with various neurophysiologi-
cal and psychiatric disorders (Broyd et
al., 2009; Greicius, 2008), reflecting a
possible role of the DMN in memory,
integration of information, attention
and theory of mind construction. The
interaction of the DMN regions and
brain areas involved in cognitive con-
trol has been considered to provide bal-
ance between internally and externally
directed thoughts and thus might be
implicated in the regulation of the focus
of attention (Leech, Kamourieh,
Beckmann, & Sharp, 2011). Moreover,
an atypical pattern in the DMN can be
associated with attention impairments
(Bonnelle et al., 2011). Our findings on
the increasing volume of activation of
the DMN in the left hemisphere and
increased FC between the DMN and
the SAL in older subjects support the
compensatory-recruitment hypothesis
in which additional neural resources are
used to compensate for sensory decline
and to maintain task performance in
older age.

The frontoparietal network has
shown different time courses in the left
and right hemispheres in most studies
(Beckmann et al., 2005; Damoiseaux et
al., 2006). In the present study, the fron-
toparietal networks encompassed
regions identified previously as sup-
porting cognitive control and decision-
making processes, including the lateral
prefrontal cortex and the inferior pari-
etal lobule (Vincent, Kahn, Snyder,

Raichle, & Buckner, 2008; Kroger et al.,
2002). Previously, Allen et al. (2011)
reported significant aging decreases
within the LFP and the RFP, while
Biswal et al. (2010) showed a signifi-
cant reduction in activity only for the
LFP. In the current study, RFP-LFP
coupling decreased in older subjects,
which was also related to significant
reduction in the RFP intensity with
age. In contrast, the functional connec-
tivity of the RFP-SAL and the RFP-
SMN increased in the older subjects,
which is also consistent with the
hypothesis of compensatory enlarged
interaction within cognitive networks.

Limitations and relationship to
previous work

An important limitation of this
study that we did not acquired behav-
ioral scores of participants. Thus, we
cannot be sure whether individual data
of FC actually reflect age-related
changes in cognitive control or memory
for each subject. The other critical issue
relates to the question whether RSN
activity reflects ongoing consciousness
and resting-state cognition or noncon-
scious and physiological processes in
the brain. Evidence for the latter possi-
bility comes from sleep studies. For
example, cognitive RSNs have been
detected in subjects in the early stages
of sleep (Fukunaga et al., 2006). Both
sensory and association networks have
been observed during light sleep and
even FC within the dorsal attention
network significantly increased during
light sleep compared to wakefulness
(Larson-Prior et al., 2009). These find-
ings rather support the hypothesis that
spontaneous BOLD fluctuations also
reflect unconscious processes that
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maintain the integrity of functional sys-
tems in the brain. However, there is no
doubt that RSNs reflect functional
communication pathways related to the
underlying structural connections
(Deco, Jirsa, & Meclntosh, 2011;
Hutchison et al., 2013). Moreover, a re-
liable correlation between FC of RSNs
and behavioral scoring repeatedly
demonstrates a relation between the
dynamic variation in neural networks
and psychological measures of experi-
ence and cognitive functions (Bonnelle
et al., 2011; Leech et al., 2011;
Damoiseaux et al., 2006). In addition,
the data about altered FC within and
between RSNs in various psychiatric
disorders further support the possible
relevance of RSNs to mental states and
cognition (Fox & Greicius, 2010).

In light of the above-mentioned
findings, we can conclude that the con-
nectivity strength between sensory and
cognitive RSNs’ FC correlates, in some
extent, with human cognitive process.
Due to RSNS’ correspondence to under-
lying neural architecture, data on
altered resting-state FC can provide
additional knowledge about the neu-
ronal mechanisms of cognitive aging.
However, additional studies are needed
to evaluate resting-state FC as a reliable
index to study age-related neural and
cognitive changes, using validated
measures of inter- and intra-subject
variability in large populations.

Conclusion

In summary, our results support the
efficiency of the FC method for studying

aging differences since it may potential-
ly indicate the preservation or reduction
of functional networks with age. The
resting-state ICA spatial maps and their
pairwise coupling demonstrated age-
related changes in functional connec-
tions between sensory and cognitive
networks. The present findings con-
tribute to the hypothesis that normal
aging results not only in local reductions
in neural networks but also in alter-
ations of their functional connectivity.
Our findings show a lack of functional
connectivity in the AUD-SMN, AUD-
SAL, VIS-LFP, LFP-DMN and RFP-
LFP in older healthy subjects implying
possible reduced coupling between sen-
sory and cognitive networks as an effect
of age. The decreased volumes of the
AUD, VIS, SMN, SAL and frontopari-
etal network in older healthy partici-
pants also suggest that the power of sen-
sory and cognitive networks decreases
as a result of aging. In contrast, the
increased interaction of the SAL-SMN,
SAL-RFP and SAL-DMN as well as the
enlargement of the DMN in the left
hemisphere possibly highlights the com-
pensatory engagement of cognitive net-
work interactions.
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Pe3siome

Heiiponnbie Bo3pacTHbie U3MEHEHUS SBJSIOTCS OCHOBHOU MNPUYMHON CHUKEHUS
KOTHUTUBHBIX (DYHKIUI y YesioBeka. He TOJIbKO akTHBHOE BBITIOJIHEHNE KOTHUTHBHBIX 33/1a4, HO
U JIeSITEJbHOCTh MO3ra B COCTOSIHUU IOKOSI MOKET ObITb UYBCTBUTEIbHBIM WHIEKCOM
MOCJIE/ICTBUI CTapeHnst B Moare. MblI HcC/IeoBaJN BO3PACTHbIE M3MEHEHUS B CIIOHTAHHOI
AKTHBHOCTU MO3Ta C TOMONIBIO (DYHKIITMOHATBHON MarHuTHO-pe3onancHoit tomorpacduu (MPT)
B COCTOSIHUM IOKOS. /[l OIleHKUM BO3PACTHBIX pasU4YUil MBI IIPOAHATM3UPOBAJIH
(bynkinonasbuble CBA3M MEKAY CETSAMM COCTOSIHUI MOKOSI MO3ra Yy JIByX TPYIII 3/0POBBIX
J0OPOBOJIBIIEB MOJIOJIOTO ¥ IOKUJIONO BO3pacta. B pesysibrare ObLiM BbIAEJEHBI CEMb CeTell
TTOKOSI, ¥ JIIST UX BPEMEHHOH TMHAMUKY OBLITH BBIYUCICHBI KPOCC-KOPPEISIIMOHHBIE MATPUIIBL. Y
MOKUITBIX UCITBITYEMbBIX HAOITIOA/IOCh CHUKEHUE aKTHBHOCTHU CJIYXOBOM, 3DUTEJIBHON, CEHCOPHO-
MOTOPHOH ceTeil, JTOOHO-TeMEHHOIl M CeTH CAJIMEHTHOCTH, KOTOPOE COMPOBOKAATIOCH
YBEJIUYEHUEM CBSI3AHHOCTH CETH CAJMEHTHOCTH C CEHCOMOTOPHON CeThio 1 ¢ 6a30BOU CeThIO
MOKOS 110 CPABHEHWIO C MOJIOABIMM YYacTHUKaMK uccienoBanus. [losydennbie BospacTHbie
pasyunst B (QYHKIMOHAIBHON CBS3aHHOCTU CEeTell MOKOsI MOIYT ObITh PE3YJIKTaTOM CHUKEHMSI
AKTUBHOCTU NPE(MPOHTAIBHOI KOPBI, BEAYIIETO K MOTEpe aKTUBAIMKU B CETH CAJUCHTHOCTH, a
TaKKe B CEHCOMOTOPHOH ¥ 3PUTEJIBHON CETSX B TPYIIIE MOMKHUJIBIX B OTJIUYME OT MOJOBIX
y4yacTHUKOB. TeM He MeHee 6a30Bast ceThb MOKOsI ObLJIA JIyUllle BHIPAKEHA B JIEBOM MOJIYIIAPUU 1
noKa3zasa O6JIBIIYIO CBSA3b € CEThIO CAIMEHTHOCTHU Y MOKUIIBIX, YEM Y MOJIOJBIX UCIIBITYEMbIX, YTO
yKa3blBaeT Ha BO3MOJKHOE KOMIIEHCATOPHOE ydacTue 0oOJacTell KOTHUTHBHOTO KOHTPOJS B
COCTOSIHMU CIIOKOMHOro GoipcrBoBanust. IIpejicraBieHHble Pe3yJIBTaThl MOKAa3bIBAIOT, YTO BHE
3aBUCUMOCTH OT JM3aiiHAa M BBHITIOJHEHUS 3a/a4 MCUXOJOTHMYECKUX TECTOB METO]
(byHKIIMOHAIBHON CBA3aHHOCTH CeTell MOKOS OTPaskaeT BO3PACTHBIE HEHPOHHbIE N3MEHEHUS B
MO3Te UesIoBeKa.

KiioueBbie cioBa: crapenue, cetu coctosinus mokost, MPT, cencopubie ceTu, KOTHUTUBHbBII
KOHTPOJIb.



