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Introduction: One of the critical parts of human life is sleeping. Sleep Deprivation (SD) is defined
as sleep-loss status generally caused by personal or environmental reasons. It becomes an inherent
problem to shift work, e.g., Intensive Care Unit (ICU) physicians or drivers, is prevalent in modern
society and profoundly affectscognitive function, attention, learning, and working memory.
Methods: The data set obtained from Stockholm University in the Sleepy Brain project was eval-
uated using brain image analysis software, FSL. The statistical double regression method was used
to investigate the significant differences between different brain regions. According to the Yeo
Atlas, the components of the independent group analysis were assigned to seven brain networks.
For this purpose, the brain communication matrix was calculated for two fundamental quantities
before and after SD. The first quantity is the intra-network communication for each network’s
independent components, and the second quantity is the intra-network communication, indicating
the weakening or strengthening of the communication between the seven introduced networks.
Results: A significant difference was found between N1 and N5 networks (Five networks related
to visual function and limbic network) among five networks for which intra-network comparison is
possible. In addition, significant differences were observed between networks for N1-N7, N2-N6,
N3-N7, and finally, N4-N6 networks in SD and normal conditions.

Conclusion: The relationship between visual and limbic networks between regions and brain
networks that are statistically significant in people with SD and normal people can be interpreted

as affecting the cognitive functions of memory and attention.

Citation: Talebi MN, Moradi A, Kazemi K, Nami M. Alteration in brain resting state networks after sleep deprivation
using functional magnetic resonance imaging. Advances in Cognitive Sciences. 2023;25(1):90-107.

Extended Abstract

Introduction

Sleep Deprivation (AD) is a common phenomenon in
modern societies, but its long-term effects on cognitive
brain function have been less scientifically studied. De-

spite studies measuring alertnessand attention, there are
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fewer consensuses on the effects of sleep deprivation on
many high-level cognitive functions. This study can re-
fer to the functions of perception, memory, and executive

functions (1, 2). Sleep is an essential process for main-
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taining the balance of all body organs. Although each
person spends an average of one-third of their life asleep,
accurate information on the sleep mechanism has yet to
be available (3, 5).

Since the studies carried out in this field have not provid-
ed detailed information on Inter-and-Intra network con-
nections, additional detailed information on them, which
was not available in preceding studies, can be acquired by
conducting studies into the brain’s functional networks
using methods including Independent Elements of Data
Extraction. Therefore, this study, by making use of im-
ages obtained from Magnetic Resonance Imaging of the
brain at rest and in a deep sleep, which Stockholm Uni-
versity conducted, reviews and compares the Intra and
Inter networks in the seven major brain networks (N1-
N7) in deep sleep and sleep deprivation. Accordingly, this
study aims to investigate the effects of sleep deprivation
on the brain’s involved networks and identify their con-
nections. The purpose of this study is first to compare and
evaluate the studies of network communication in SD at
rest, which can be an accurate summary of the networks
and areas of the brain that change in SD. Then, the effects
of SDon the involved brain networks and their identifica-
tion, the relationship of the identified networks with each
other, and finally, the cognitive functions affected by
the intervened networks on the Functional Brain Imag-
ing Resonance data (fMRI) the extracted standard of the
Stockholm University Sleepy Brain Project is addressed

by the Independent Component Analysis (ICA) method.

Methods

In the Stockholm University Sleepy Brain Project, imag-
ing was done for each person in two sessions: Once after
normal sleep and once with partial SD. According to the
random paradigm, participants should either experience
full sleep or sleep only three hours a night (waking up at
the usual time every day) (8).
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Brain imaging scans were performed using GE's three-dis-
coveryTesla MRI scanner, model 750, with the help of an
8-channel coil. Structural images of T1 and T2 were ob-
tained to normalize fMRI images, as well as morpholog-
ical processing. Adjustment parameters for anatomical
imaging include the following: FOV 24, slice thickness 1
mm, sagittal data acquisition, cluttered data acquisition,
and full head coverage. Resting data were obtained using
an EPI sequence with a FOV of 28.8, slices were 3 mm
thick, and no gaps were made between brain sections.
Covers, taking data in a cluttered way, echo time (TE)
equal to 30 milliseconds, repetition time (TR) equal to
2.5, seconds and Philip angle equal to 75 degrees.

In order to analyze the rest state data related to the study
whose specifications were stated, FSL software and
MATLAB toolbox were used. The present study also used
free-surfer software to preprocess T1 anatomical data.
Due to the adverse effects of low-frequency displace-
ment and head movement on the decomposition of data
components, motion correction, and removal of displace-
ments and other appropriate predicates before the main
zinc analysis, data were processed using pre-stats prepro-
cessors from the Melodic tool in FSL software. Because
the rs-fMRI data were obtained in a cluttered manner, the
slice-timing correction step was performed with the same
constraint, and in order to correct the candidates' head
movements, a head movement correction algorithm was
applied to the data.

ICA analysis was used to process rs-fMRI images (9). To
do this, the multisession temporal concatenation tool in
MELODIC and the preprocessing and steps required for
group data analysis in this tool were used. Spatial ICA
analysis was performed using 20 independent component
maps (IC maps) to detect resting state networks (RSN)
from the control group.

The Yeo 7 networks atlas was used to extract the ma-

trix of brain connections using the outputs of these ana-
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lyzes. In order to determine and establish the correspon-
dence between Yeo 7networks Atlas networks and 20
components of extraction ICA for each individual due
to the limited number of independent components (20
components), as well as the number of Atlas networks
(7 networks), this step is inspected. A careful eye was
performed. Accordingly, one of the Yeo Atlas networks
was assigned to each independent extraction component,

according to Table 1.

Results
The results of in-network comparisons of networks corre-
sponding to the Yeo Atlas and, in the next step, the results

of standard comparisons and statistical analyses related

to cross-network analyzes were evaluated. Considering
that the Yeo standard atlas of seven networks was used
to study brain networks, a total of twenty components
extracted from ICA analysis (16 components after re-
moval of non-brain components) on this subset of seven
networks were distributed, the details of which are given
in Table 1. The relationship between the quantity compo-
nents was examined by identifying the networks between
which in-network analyzes are possible (N1, N2, N5, N6,
and N7). Calculation of this quantity, i.e., the quantity
of intra-network communication was calculated from the
communication matrix obtained from time series of 16
independent components arranged in order and accor-
dance with the N1 to N7 networks.

Table 1. The relationship between the components of the ICA analysis and the networks defined in the Yeo 7Networks Atlas

Network

IC

Yeo_7Networks_1

Yeo_7Networks_2

Yeo_7Networks_3

Yeo_7Networks_4

Yeo_7Networks 5

Yeo_7Networks_6

Yeo 7Networks 7
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IC_01
IC_05
IC_09
IC_02
IC_07
IC_06
IC 20
IC_14
IC_17
IC_13
IC_15
IC_04
IC_08
IC_12
IC_16

IC_19
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Network

IC

Cerebellum

White Matter

CSF

Artifact

IC_10
IC 03
IC_11

IC 18

As shown in Table 2, considering the threshold of 0.05 as
a significant level of difference between the two groups,
the inter-network communication for the network pairs
N1-N7, N2-N6, N3-N7 and finally, N4-N6 have a signifi-

cant difference in SD and normal.

It should be noted that the results and quantitative stud-
ies between the 16 direct components of ICA showed
no significant difference between the two groups (two
different imaging sessions under normal conditions and
SD).

Table 2. Inter-network communication between the sleepy brain and the brain with normal sleep

N2 N3

N4 N5 N6 N7

Mean_sleepy 0.057348 0.252824
Mean_Normal N1 0048776 0.245587
P-value 0.345787 0.379162
Mean_sleepy 0.157416
Mean_Normal N2 0.145839
P-value 0.349363
Mean_sleepy
Mean Normal N3
P-value
Mean_sleepy
Mean_Normal N4
P-value
Mean_sleepy
Mean_Normal N5
P-value
Mean_sleepy
Mean_Normal N6

P-value

-0.18049 -0.01044 -0.05988 0.120601

-0.16854 -0.03318 -0.03559 0.090767

0.316714 0.063801 0.092777 0.014076

0.182571 -0.11061 -0.00493 -0.09487

0.137647 -0.11129 -0.04711 -0.12506

0.052288 0.483531 0.01773 0.067147

-0.27903 -0.1369 0.125171 0.080088

-0.31545 -0.14778 0.152754 0.023843

0.158307 0.305441 0.124014 0.011188

0.049985 -0.20871 -0.20806

0.06937 -0.24536 -0.18534

0.158307 0.040618 0.111569

-0.05383 0.030669

-0.03762 0.047542

0.198278 0.089608

0.827037

0.80689

0.051968
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Conclusion

The lack of a significant correlation between the 16 com-
ponents extracted from the ICA is in line with one of the
articles published by the primary team of the Stockholm
University Sleepy Brain Project (8). According to the
in-network comparison, the N1 and N5 networks were
significantly different, which can be interpreted as related
to the visual function networks and the limbic network.
In general, based on the neuroimaging studies obtained
from this study and previous studies, SD outcomes can be
categorized into three main networks related to negative
and positive emotions, memory, and attention, which with
the results, the result of brain network communication is
also associated with significant differences. Consistent
with the results of this study, fMRI studies that showed
that acute SD affects network communication function
and different areas of the brain showed that the density
of prominent sensorimotor network modules decreased.
Liu et al. also reported changes in the sensory-motor ar-
eas during their 2014 reports (22). These results indicate
the sensitivity of the sensorimotor network to SD, which
may be associated with a decrease in the degree of nod-
ules in the middle region of the thalamus. In general, the
thalamus plays a significant role in the sensory system
and is the main link between the central and peripheral

nervous systems.
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