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ABSTRACT

Introduction: Coronavirus-2019 (COVID-19) spreads rapidly worldwide and causes severe
acute respiratory syndrome. The current study aims to evaluate the relationship between the
whole-brain functional connections in a resting state and cognitive impairments in patients
with COVID-19 compared to the healthy control group.

Article info:

Received: 11 Feb 2023

First Revision: 27 Jun 2023
Accepted: 31 Jul 2023
Available Online: 01 Nov 2023

Methods: Resting-state functional magnetic resonance imaging (rs-fMRI) and Montreal
cognitive assessment (MoCA) data were obtained from 29 patients of the acute stage of
COVID-19 on the third day of admission and 20 healthy controls. Cross-correlation of the
mean resting-state signals was determined in the voxels of 23 independent components
(IC) of brain neural circuits. To assess cognitive function and neuropsychological status,
MoCA was performed on all participants. The relationship between rs-fMRI information,
neuropsychological status, and paraclinical data was analyzed.

Results: The COVID-19 group got a lower mean MoCA score and showed a significant

reduction in the functional connectivity of the IC14 (P<0.001) and IC38 (P<0.001) regions

. compared to the controls. The increase in functional connectivity was observed in the
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state functional magnetic : Conclusion: Functional connectivity abnormalities in four brain neural circuits are associated
resonance : with cognitive impairment and increased inflammatory markers in patients with COVID-19.
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Highlights
* The patients with coronavirus-2019 (COVID-19) got a lower mean Montreal cognitive assessment (MoCA) score.

* The patients with COVID-19 showed significant reduction in the functional connectivity of the IC14 and IC38
regions.

* The patients with COVID-19 showed significant increase of functional connectivity in the default mode network
(DMN) IC00 and dorsal attention network (DAN) IC08 regions.

* Alternation of functional connectivity was significantly correlated with the mean MoCA scores and ESR and CRP.

Plain Language Summary

The researcher aimed at assessing cognitive impairments and investigating the whole-brain functional connectivity
using resting state fMRI in patients with COVID-19 compared with healthy control group. The result showed That
COVID-19 group got a lower mean cognitive score and showed a significant reduction in the functional connectivity
of the IC14 and IC38 regions of brain compared with controls. Also, the increase of functional connectivity was
observed in the COVID-19 group compared with controls at baseline in the default mode network (DMN) and dorsal
attention network (DAN) regions of brain. Moreover, Functional connectivity abnormalities in four brain neural circuits

associated with cognitive impairment and increased inflammatory markers in patients with COVID-19.

1. Introduction

he novel coronavirus 2019 (COVID-19) has
spread worldwide (World Health Organiza-
tion (WHO), 2020). COVID-19 is a disease
with the core feature of acute respiratory dis-
tress syndrome (ARDS), and the commonest
symptoms of fatigue, cough, and fever, as
well as headache, hemoptysis, and dyspnea as
other manifestations (Singhal, 2020).

COVID-19 can even spread to the central nervous sys-
tem (CNS) through the respiratory tract concerning its
neuroinvasive potential (Zhou et al., 2020). Although
the routes of COVID-19 entering the brain are still un-
clear, it seems that the virus can induce an intracranial
cytokine storm leading to depression of the blood-brain
barrier by inducing direct viral invasion (Karuppan et
al., 2021). COVID-19 can also enter the cerebral blood
flow by passing through the circulation (Al-Sarraj et al.,
2021). Another route for the virus to enter the brain may
be through the olfactory bulb (neuronal pathways) (Wu
et al., 2020) or directly enter the brain via olfactory ves-
sels or cervical lymphatic nodes (lymphatic pathway)
(Bostanciklioglu, 2020). According to the results, human
ocular tissue can provide a potent pathway to pass the se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and cause infection (Ma et al., 2020). Coronavi-
rus infection is associated with neurological symptoms

categorized as peripheral nervous system (i.e. neuralgia,
hyposmia, hypogeusia, and hypoplasia), CNS (i.e. atax-
ia, dizziness, acute cerebrovascular disease, epilepsy,
headache, and impaired consciousness), and musculo-
skeletal symptoms (Matias-Guiu et al., 2020). A study
conducted on 214 adult patients affected by COVID-19
reported that 36.4% had neurological symptoms indi-
cating potential neurological symptoms of COVID-19
(Mao et al., 2020).

The evidence shows that organs with increased ex-
pression of angiotensin-converting enzyme II (ACE
2) at the cell level should potentially be considered at
high risk for COVID-19 infection; e.g. lung, kidney, and
heart. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) binds to a G-protein coupled receptor,
ACE 2, to enter the cells (Zhang et al., 2020). ACE 2
and its receptors are also found in the brain, especially in
CNS neurons, including excitatory and inhibitory ones
and glial cells, mainly astrocytes and oligodendrocytes
(Chen et al., 2021). The role of ACE 2 in the CNS is
beyond the regulation of cardiovascular function; ACE2
is involved in cognition, behavior, and locomotion in
the adult brain. Wang et al. reported that the knockout
of the ACE 2 caused a significant cognitive impairment
in mice. Alterations in the activity of ACE 2, as a vi-
ral receptor, lead to cognitive impairment and neuronal
dysfunction (Wang et al., 2016). In particular, ACE 2
contributes to different brain functions, such as depres-
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sion, stress, memory consolidation, and cerebroprotec-
tion (Guimond & Gallo-Payet, 2012). In humans, ACE2
is expressed in the posterior cingulate cortex, olfactory
bulb areas, and middle temporal gyrus, although the
number of cells expressing ACE 2 in the prefrontal cor-
tex and the hippocampus was zero and very few, respec-
tively (Chen et al., 2020). Due to the spread of the ACE
2 receptor through neural networks of the brain, useful
information was obtained by a whole-brain scan about
the COVID-19 cognitive impairment mechanism.

The brain networks’ intrinsic connectivity can be stud-
ied by the resting-state functional magnetic resonance
imaging (rsfMRI) that maps blood oxygen fluctuations
depending on signals that are temporally synchronous,
spatially distributed, and have a spontaneous low frequen-
cy (<0.08 Hz) (Mantini et al., 2007). More information
can be obtained using rfMRI regarding the intrinsic func-
tional organization of the brain (Fox & Greicius, 2010).

The present study was conducted to evaluate the whole-
brain neuronal circuits in patients with COVID-19 using
rfMRI and to find its correlation with cognitive impair-
ment using the Montreal cognitive assessment (MoCA),
which is a reliable brief test to detect mild cognitive
impairments. This instrument includes the main cogni-
tive domains, i.e. visuospatial ability, language, episodic
memory, executive functions, orientation, and attention.
This is the first study to investigate cognitive impair-
ments in patients with COVID-19 in terms of rsfMRI
characteristics. The study examines the alteration of the
neural circuits of the brain in the group of patients with
COVID-19 compared to the healthy controls.

2. Methods and Methods
Participants

The current study was conducted with a cross-sectional
design in a teaching hospital in Shahroud City, Iran, on
subjects selected by the convenience sampling method.
Informed consent was obtained from all the subjects to
participate in the study, then they underwent an inter-
view and MoCA test by a psychologist, and fMRI scan-
ning by a radiologic technologist.

The study was conducted on 29 patients with CO-
VID-19 (the COV group) and 20 healthy controls (the
CON group). The groups underwent similar cognitive
assessment and fMRI procedures. Both groups were
matched by demographic characteristics, including age,
gender, socioeconomic status, smoking habit, body mass
index (BMI), and underlying systemic disease, i.c. dia-
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betes, hypertension, blood diseases, such as any type of
anemia, and chronic pulmonary and cardiovascular (cor-
onary and cyanotic heart conditions) diseases. The in-
clusion criteria included a positive reverse transcription
polymerase chain reaction (RT-PCR) test for COVID-19
and native Persian speaking. The exclusion criteria in-
cluded contraindication for MRI (pacemakers, metal im-
plants, etc.), history of neurological diseases, including
neurocognitive impairment or dementia, psychological
problems, use of neuropsychological drugs, and other
brain pathology. The baseline characteristics, including
demographics, educational level, etc. were collected by
a questionnaire.

Montreal cognitive assessment (MoCA)

In the current study, the Persian version of MoCA was
employed to evaluate cognitive function. This question-
naire assessing more cognitive domains is composed of
more complex skills and thus is more sensitive to mild
cognitive impairments compared to the mini-mental state
examination. The MoCA, including executive functions
(following the numbers, letters, words, and abstracts), at-
tention, concentration, delayed recalling, language (naming
and sentence repetition), orientation, visuoconstructional
skills (drawing a cube or watch), calculations, and concep-
tual thinking, was used to assess cognitive domains in the
subjects. The overall instrument score is 30; scores >26 are
considered normal. One point is added to the overall score
of the ones with the education level below the high school
diploma (Kang et al., 2018). Emsaki et al. provided the
Persian version of MoCA by translating the original ver-
sion and testing it psychometrically (Cronbach’s a: 0.77,
concurrent validity: 0.79, sensitivity: 0.85, and specificity:
0.90) (Emsaki et al., 2011). The MoCA was performed by
a research assistant (clinical psychologist) in the same en-
vironment as participants in both COVID-19 (COV) and
control (CON) groups.

Paraclinical assessments

The results of laboratory tests, including hematologic
and serologic tests, were extracted from patients’ medi-
cal profiles. All the routine blood tests, such as complete
blood cell count, platelet count, hemoglobin (Hb), hema-
tocrit, blood urea nitrogen, creatinine, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase, sodium, potassium, calcium, phosphorus,
blood sugar levels, prothrombin time, partial thrombo-
plastin time, and bilirubin tests, as well as the result of
chest x-ray and chest computed tomography (CT) scan,
were recorded.
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Image acquisition

A 1.5T Avanto MRI scanner (Siemens, Germany) with
an 18-channel parallel imaging head coil was used to
obtain MR images. Resting-state fMRI data and oblique
axial sections (time for echo (TE): 45 ms; Time for rep-
etition (TR): 3300 ms; in-plane resolution=3x3 mm?,
slice thickness: 3.5 mm; flip angle: 90°) were acquired
for 10 minutes using gradient-echo echo planar imag-
ing sequence, containing 300 imaging volumes with
time point=200, field of view (FOV)=157x15.7 cm, and
matrix=64x64. The subjects closed their eyes while they
were awake during scanning. T1 structural data were ac-
quired using three-dimensional magnetization-prepared
rapid-gradient-echo in sagittal view. Data acquisition
parameters for T1 imaging were as follows: TR=2000
ms, TE=2.9 ms, matrix size=256x256, and flip angle=8".

Functional magnetic resonance imaging (fMRI)
data preprocessing

All steps of data preprocessing were performed using
FMRIB software library tools, version 6. The correction
of head movements was performed rigidly using a motion
correction tool and using FLIRT commands. Separation
of the brain from the skull was performed on the volumes
of motion-corrected blood oxygenation level-dependent
(BOLD) images as implemented in the brain extraction
tool algorithm. Confirmation of this process was done
by visual inspection of the obtained results. Also, the af-
fine algorithm in FMRIB’s linear image registration tool
(FLIRT) format was used to register different volumes
of fMRI images on 3D T1 images of each person and
also to transfer 3D T1 images to the standard space of
MNI152. Images were converted to 2 mm voxels using a
softener filter with a 5 mm full width at half maximum.
Parameters related to the head movements of the two
groups, both absolute and relative, were not significantly
different from each other. Also, the absolute and relative
amount of head movement in all subjects was less than
the image voxel size (Jenkinson et al., 2002).

Analysis and processing of rest-fMRI

Independent components (IC) analysis was used to
process rs-fMRI images (Abou Elseoud et al., 2011). For
IC analysis, we used the multivariate exploratory linear
optimized decomposition into IC (MELODIC) tool im-
plemented in the FMRIB software library (Beckmann &
Smith, 2004). For this purpose, the multi-session tempo-
ral concatenation tool in multivariate exploratory linear
optimized decomposition into independent components
(MELODIC) and the preprocessing and steps required

Basic and Clinical

for group data analysis in this tool were used. Spatial
independent components analysis using 60 indepen-
dent component maps was used to detect resting-state
networks from the control group. The reason for choos-
ing the control group is that experience shows that using
a group analysis consisting of both control and patient
groups provides maps of the average of the two groups,
which reduces the sensitivity of differences between the
two groups in the next step, dual regression analysis
(Abou Elseoud et al., 2011). Data were also normalized
to variance (variance normalization). IC mappings were
then thresholded using a hypothesis test based on the fit
of a Gaussian mixed model on the intensity distribution
of voxels on spatial mappings and false-discovery rate
control at P<0.5 (Abou-Elseoud et al., 2010; Beckmann
& Smith, 2004). Twenty-three rest networks were iden-
tified as classical anatomical and functional networks
based on ocular examination by an experienced neuro-
radiologist using criteria previously described (Abou-
Elseoud et al., 2010; Kiviniemi et al., 2009; Smith et al.,
2009). Supplementary Table 1 shows the 23 resting-state
networks mentioned above.

The analysis was performed to investigate the inter-
group differences using the dual regression technique
in the FMRIB software library, which allows the voxel-
like comparison of resting-state fMRI images (Abou-
Elseoud et al., 2010; Filippini et al., 2009; Littow et al.,
2010). This step includes using group-independent com-
ponent analysis spatial maps to fit a linear model on vari-
ous fMRI datasets, leading to matrices (time change ma-
trices) that describe temporal dynamics, and using these
time course matrices to estimate the spatial mappings of
each individual. Independent components analysis pat-
terns were selected for dual regression from sound con-
trol data. Dual regression analysis was performed with
variance normalization and non-normalization (dual re-
gression command with des norm-option variable equal
to 1 or 0, respectively) because the results have a differ-
ent emphasis on the location and amplitude of the BOLD
signal depending on the normalization (Allen et al.,
2014; Allen et al., 2012). With variance normalization,
dual regression shows differences in both resting-state
network activity and spatial dispersion. Without normal-
ization, only spatial changes are reflected.

As a statistical analysis, the maps of different compo-
nents on different people are integrated into 4D files (one
file for each original Independent components analysis
mapping) and tested in a box-by-box manner to exam-
ine statistically significant differences between groups.
This is done using the FMRIB software library of a
non-parametric random permutation test with 5000 per-
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mutations using an enhanced free threshold clustering
technique to control multiple comparisons (Nichols &
Holmes, 2002). The difference hypothesis between the
two groups was calculated using a threshold of P<0.05
by changing the vaccine to vaccine in the randomized
FMRIB software library tool. To control the comparison
of several detected differences between different com-
ponents of IC analysis, the inter-IC concatenation tech-
nique was used (Abou Elseoud et al., 2014). After 5000
times permutation, the resulting datasets were separated
using the fslroi command and the threshold of P<0.05 to
correct type 1 error for the selected independent compo-
nents. As a new step, a gray matter regressor image was
introduced into the model in the same way so that it was
concatenated in the y-direction to control the gray matter
differences using the vxl and vxf options in the random-
ize FMRIB software library.

The Juelish histological atlas is embedded in the FM-
RIB software library, and the Harvard-Oxford cortical
and subcortical atlases were used in the FMRIB software
library to identify the anatomical features of the probabi-
listic independent components analysis maps obtained.
Finally, fslstats and fslmaths tools were used to calculate
the number of non-zero voxels in the selected difference
maps and their t-score values. Figure 1 shows the applied
pipeline for rest-fMRI data processing and analysis.

Statistical analysis

Data from quantitative variables were expressed as
Mean+SD and categorical variables as frequency and
percentage. Data with normal distribution were com-
pared using a t-test, and data with non-normal distri-
bution with the Mann-Whitney U test to compare con-
tinuous variables. The correlation between quantitative
variables was examined by the Pearson correlation co-
efficient or non-parametric Spearman test. The relation-
ship of cognitive indices with MRI characteristics was
assessed using a multiple linear regression model. Data
were analyzed in SPSS software, version 20. The signifi-
cance level was<0.05.

November & December 2023, Vol 14, No. 6

3. Results

Demographics, neuropsychological tests, and
fMRI

Table 1 presents the demographic, MoCA, and fMRI
measures of patients with COVID-19 and healthy con-
trols. Suplememtary Table 2 presents more detailed
characteristics of COVID-19 patients. The two groups
were matched by age, gender, and education level. Ac-
cording to the results of MoCA, the neurocognitive per-
formance was significantly lower in the COV group than
in healthy controls (P<0.001). The Mean+=SD MoCA
score of the patients was 20.41+6.07. Among patients,
5(17.2%) were normal and the remaining 24(82.8%)
had mild cognitive impairment. Moreover, patients with
COVID-19 had impairments in visual acuity, memory,
attention, speech, abstraction, information, and names.

The whole-brain functional connectivity was detected
by rs-fMRI in all the 29 patients using data obtained
from functional MRI. Then, the 23 brain regions of each
patient were compared to obtain functional connectiv-
ity. The normal resting-state networks of the classical
resting-state networks (RNS) groups identified anatomi-
cally and functionally are shown in a red-yellow color
FMRIB Software Library (FSL), based on the 2.5< z-
score <8 thresholds (Figure 2). Table 2 presents a signifi-
cant increase in the functional connectivity of patients
with COVID-19 compared to controls in terms of de-
fault mode network (DMN) and dorsal attention network
(DAN), based on IC results.

Table 3 presents the results of ICs with a significant
decrease in functional connectivity in V1 dorsal L and
BA2S5 of patients with COVID-19 (Figure 3).

Figure 1. Applied pipeline for rest-fMRI data processing and analysis
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Table 1. Demographic MoCA and rsfMRI data

No. (%)/MeantSD

Variables Sig.
COV (n=29) CON (n=20)
Age (y) 51.62+15.99 50.7+13.42 0.83
Demographic features
Sex (male) 20(69) 12(60) 0.52
Elementary school 19(65.5) 9(45)
Educational status Diploma degree 9(45) 4(20) 0.29
University degree 28(57.1) 9(18.4)
MoCA (total) 20.41+6.07 28.31+3.42 <0.001"
Normal 5(17.2) 16(80) <0.001"
Visual 2.07+2.05 4.3+1.22 <0.001"
Memory 3.52+1.9 4.5+0.51 0.02"
MoCA Attention 2.3741.68 5.840.52 <0.001"
Speech 1.14+0.83 1.6+0.68 0.046"
Abstraction 1+0.92 1.75+0.64 0.003"
Information 5.4410.74 5.95+0.22 0.005"
Name 2.38+0.73 2.9+0.31 0.004"
DMNpcc (1C00) 0.85+0.5 2.29+0.59 <0.001"
DAN (1C08) 1.2+0.79 2.9+1.12 <0.001"
fMRI
V1 dorsal L (IC14) 1.29+0.37 0.48+0.28 <0.001"
BA25 (IC38) 0.87+0.34 0.05+0.31 <0.001"

Abbreviations: COV: COVID-19 group; CON: Control group; IC: Independent components; MoCA: Montreal cognitive as-
sessment; rsfMRI: Resting-state functional magnetic resonance imaging; DMN: Default mode network; DAN: Dorsal attention
network.

Table 2. Functional brain regions showing increased functional connectivity in patients with COVID-19 compared to healthy

controls
Max Mean1SD
IC RSN Voxels Max
T-score
X Y z T-score T-score
1C00 DMNpcc 267 40 33 57 6.86 4.12+0.69
1C08 DAN 53 52 35 58 5.69 4.44+0.53

Abbreviations: IC: Independent components; RSN: Resting state networks; DAN: Dorsal attention network; DMN: Default
mode network.
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Figure 2. The normal resting-state networks extracted from the data melodic toolbox of FSL

Note: The 23 identified networks were post-processed for dual regression analysis. These RSN are shown in FSL red-yellow
color using a 2.5< z-score <8 as thresholds.

IC: Independent components.

Table 3. Functional brain regions showing decreased functional connectivity in patients with COVID-19 compared to healthy
controls

Max MeantSD
IC RSN Voxels Max
T-score
X Y z T-score T-score
IC14 V1 dorsal L 10299 73 23 37 5.38 2.44+0.49
1C38 BA25 7617 42 27 48 5.6 2.67+0.49

IC: Independent components; RSN: Resting state networks.
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Table 4. The comparison of rsfMRI data in participants with normal and abnormal MoCA

MeanSD
Variables cov CON
MoCA <26 MoCA 226 MoCA <26 MoCA 226
DMNpcc (IC00) 0.87+0.5 0.75+0.54 2.44+1.03 2.2540.55
P 0.11 0.18
DAN (1C08) 1.29+0.81 0.6910.46 2.68+0.08 3.02+1.16
P 0.17 0.62
V1 dorsal L (IC14) 1.32+0.38 1.13+0.23 0.21+0.36 0.52+0.26
P 0.35 0.09
BA25 (IC38) 0.89+0.36 0.77+0.14 -0.05+0.25 0.03+0.26
P 0.53 0.61

Abbreviations: COV: COVID-19 group; CON: Control group; IC: Independent components; MoCA: Montreal cognitive assess-
ment; DAN: Dorsal attention network; DMN: Default mode network.

Table 5. The comparison of paraclinic data in all participants with normal and abnormal MoCA

No. (%)/MeantSD

Variables Sig.
MoCA 226 MoCA <26
DMNpcc (IC00) 1.05+0.75 1.95+0.82 <0.001"
DAN (IC08) 1.4610.88 2.56t1.4 0.002"
rsfMRI
V1dorsal L (IC14) 1.2+0.52 0.64+0.35 <0.001"
BA25 (IC38) 0.7810.46 0.18+0.38 <0.001"
Normal 19(50) 19(50)
Hb (14-18 mg/dL) 0.27
Abnormal 5(71.4) 2(28.6)
Normal 9(33.3) 18(66.7)
ESR (up to 15 mm) 0.001"
Abnormal 11(91.7) 1(8.3)
Normal 11(39.3) 17(60.7)
CRP (<6 mg/dL) 0.04'
Abnormal 9(75) 3(25)
Normal 24(53.3) 21(46.7)
0, Sat. (95%-100%) 0.11
Abnormal 3(100) 0

Abbreviations: IC: Independent components; MoCA: Montreal cognitive assessment; rsfMRI: Resting-state functional mag-
netic resonance imaging; Hb: Hemoglobin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; O, Sat: Oxygen satu-
ration; DAN: Dorsal attention network; DMN: Default mode network.

"Significant.
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Table 6. The correlation between functional brain regions showing alternation in functional connectivity and paraclinical data

MeaniSD
Variables
DMNpcc (1C00) DAN (1C08) V1 Dorsal L (1C14) BA25 (IC38)
Normal 1.62+0.88 2.1741.22 0.91+0.56 0.45+0.54
Hb (14-18 mg/dL) Abnormal 0.76+0.58 0.99+1.04 1.120.21 0.75+0.17
P 0.03" 0.03" 0.4 0.18
Normal 1.83+0.93 2.37+1.33 0.660.39 0.2310.41
ESR (Up to 15 mm) Abnormal 0.93+0.38 1.43+0.97 1.37+0.36 0.87+0.35
P 0.004" 0.04" <0.001" <0.001"
Normal 1.85+0.86 2.37+1.32 0.71+0.46 0.3%0.5
CRP (<6 mg/dL) Abnormal 0.78+0.53 1.24+0.73 1.41+0.36 0.860.38
P <0.001" 0.008" <0.001" 0.002°
Normal 1.49+0.9 1.99+1.28 0.93+0.53 0.49+0.52
0, Sat. (95%-100%) Abnormal 0.67+0.36 1.1+0.5 1.35+1.96 0.93+0.01
P 0.12 0.24 0.18 0.15

Abbreviations: IC: Independent components; Hb: Hemoglobin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein;
O, sat: Oxygen saturation; DAN: Dorsal attention network; DMN: Default mode network.

"Significant.

Correlations between functional connectivity, neuro-
psychological variables, and paraclinical assessments

Tables 4, 5, and 6 present detailed information about
the comparison of paraclinical data of participants with
normal and abnormal MoCA scores, such as their asso-
ciation with rs-fMRI data, as well as Hb, ESR, CRP, and
blood oxygen levels.

According to the obtained results, a significant corre-
lation was found between the rs-fMRI data and MoCA
subdomains, except memory and speech. Regarding
the correlation between functional brain regions, Table
7 presents alternations in functional connectivity and
scores of MoCA subdomains.

4. Discussion

To our knowledge, this study was conducted to assess
cognitive impairments and investigate the whole-brain
functional connectivity using rs-fMRI in patients with
COVID-19 compared to healthy controls. The COV
group obtained a lower score in the MoCA test, in-
creased functional connectivity in the DMN (IC00) and
DAN (IC08), and decreased functional connectivity in
the V1 dorsal L (IC14) and BA25 (IC38) at the baseline

compared to healthy controls (Figure 4). Cognitive im-
pairment was mainly manifested in visual acuity, atten-
tion, abstraction, information, and name domains, while
speech and memory had no deficits based on the MoCA
results. Finally, the functional connectivity of these brain
regions showed a correlation with the total score of
MoCA. It should be noted specific factors that may af-
fect the final analysis results, including the mental status
of the subject, the physiology of the BOLD signal, and
the methodology of the analysis approach. A study on
the pattern of cognitive deficits during the post-critical
acute stage of severe COVID-19 reported mild to severe
deficits at MoCA with extensive cognitive impairment
in memory, attention, executive, and visuospatial func-
tions, but relatively preserved language and orientation
dysfunction (Beaud et al., 2021). Blazhenets et al. as-
sessed MoCA and PET scans in 8 COVID-19 patients at
the subacute and chronic stages and found a residual im-
pairment still measurable in some patients six months af-
ter the infection of COVID-19 (Blazhenets et al., 2021).

DMN contributes to internal psychological processing.
A correlation is observed between external environmen-
tal monitoring and internally directed cognition (An-
drews-Hanna et al., 2010; Buckner et al., 2008); its activ-
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Table 7. The correlation between functional brain regions showing alternation in functional connectivity and subcriteria of
MoCA in patients with COVID-19

MoCA DMNpcc (1C00) DAN (1C08) V1 Dorsal L (IC14) BA25 (1C38)
Total R=0.47 R=0.3 R=-0.49 R=-0.54
P 0.001" 0.04" 0.001 <0.001"
Visual R=0.53 R=0.43 R=-0.38 R=-0.51
P 0.001" 0.003" 0.004" <0.001"
Memory R=0.25 R=0.2 R=-0.14 R=-0.23
P 0.09 0.19 0.36 0.12
Attention R=0.74 R=0.62 R=-0.59 R=-0.66
P <0.001" <0.001" <0.001" <0.001"
Speech R=0.27 R=0.28 R=-0.26 R=-0.25
P 0.07 0.06 0.08 0.09
Abstraction R=0.39 R=0.3 R=-0.3 R=0.4
P 0.008" 0.04 0.04 0.006
Information R=0.43 R=0.36 R=-0.29 R=-0.3
P 0.003" 0.01" 0.04" 0.04"
Name R=0.29 R=0.3 R=-0.25 R=0.34
P 0.049" 0.04" 0.08 0.01"

Abbreviations: IC: Independent components; MoCA: Montreal cognitive assessment; DAN: Dorsal attention network; DMN:

762

Default mode network.
“Significant.

ity decreases during a variety of cognitive tasks requiring
external perceptual attention (Greicius et al., 2003). In
contrast, DAN contributes to controls that are goal- and
attention-oriented (Scalf et al., 2014). It has a significant
correlation with externally directed cognition (Corbetta
& Shulman, 2002), and its activity increases during cog-
nitive tasks focusing on external visuospatial attention
(Miller & Buschman, 2013). DMN and DAN show an
anticorrelated activity pattern in resting-state and task
studies (internal and external cues). In addition, when
the system works properly, they show a competitive
relationship that represents a cerebral mechanismsup-
porting cognitive functions, switching focus between
internal (supported by DMN) and external cues (sup-
ported by DAN) (Esposito et al., 2018b; Franzmeier et
al., 2017). The details of how the DMN and DAN inter-
act remain unknown. However, the current study results
showed that both DMN and DAN increased functional

connectivity. Therefore, no anticorrelation was observed
between them. It seems that a decrease in DMN-DAN
anticorrelation is part of the normal process of aging
(Esposito et al., 2018a); hence, any abnormality in this
process can be associated with cognitive dysfunction
and increase the risk of Alzheimer’s disease (Zhu et al.,
2016) and mild cognitive impairment (Franzmeier et al.,
2017; Zhu et al., 2016). As previously mentioned, in pa-
tients with COVID-19, the activity of the DAN network
increased while it was expected to decrease due to the
cognitive deficit based on MoCA results. The patterns of
DAN and DMN activity may be related to a compensa-
tory mechanism against cognitive impairment in patients
with COVID-19.

Both CRP and ESR, as markers of inflammation, in-
creased in patients with COVID-19. Also, evidence of
the excessive immune response following the induction

Niroumand Sarvandani., et al. (2023). Psychological & Neuroimaging in COVID-19. BCN, 14(6), 753-772.
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Figure 3. IC with a significant increase (A) and decrease (B) in functional connectivity in patients with COVID-19

Figure 4. Significant difference between healthy controls (A) compared to patients with COVID-19 (B) in the level of brain
activity (brain regions)

Note: Significant regions are colored in red (P<0.001).
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of cytokine storm by the virus has been reported (Nile et
al., 2020). These patterns were also observed in ARDS
as a systemic inflammatory disease with some symp-
toms similar to those of COVID-19.

As several studies reported (Li et al., 2020; Sing-
hal, 2020), in the current study, the MoCA score was
also negatively correlated with ESR and CRP levels.
Marsland et al. showed a relationship between interleu-
kin-6, a systemic inflammation indicator, and alterations
in DMN activity (Marsland et al., 2017). Moreover, the
DMN may contribute to the incidence of psychiatric and
neurological disorders correlating with systemic inflam-
mations, e.g. anxiety, and mood disorders, characterized
by emotion regulation impairments and raised systemic
inflammation (Labrenz et al., 2019; Rabany et al., 2017).
Cognitive impairments are reported in survivors of
ARDS even several years after discharge (Hopkins et al.,
2005). Patients with ARDS may experience prolonged
hypotension, metabolic abnormalities, and hypoxemia,
predisposing them to injuries in the peripheral and cen-
tral nervous systems, followed by neurologic and cogni-
tive impairments (Hopkins et al., 2006; Hopkins et al.,
2004). In contrast, no significant relationship was found
between blood oxygen levels, MoCA scores, and rs-fM-
RI data in the current study. One possible explanation
for inconsistent findings is our small sample size. On the
other hand, ARDS survivors experience prolonged psy-
chiatric symptoms after discharge. Systematic reviews
reported 17% to 43% depression, 23% to 48% anxiety,
and 8% to 35% post-traumatic stress disorder (PTSD)
symptoms in ARDS survivors. Studies examine the im-
pact of stress related to COVID-19. Patients with CO-
VID-19 experience prolonged stress due to fear of death.
Therefore, COVID-19 has already led to various stress-
related disorders, including anxiety and posttraumatic
stress disorder (Tucker & Czapla, 2020). Our data con-
sistent with previous studies showed that DMN activity
may contribute to the incidence of psychiatric disorders
correlating with anxiety (Vicentini et al., 2017).

Based on the obtained results, a decrease of functional
connectivity in patients with COVID-19 was observed
in the occipital cortex, including bilateral lingual gyri
and left middle occipital gyrus located in the visual net-
work, which contributes to visual memory and visuospa-
tial function processing (Cai et al., 2017). The potential
brain bases for the impaired multiple cognitive domains
were determined based on the results of COVID-19,
which were consistent with the results of a study report-
ing neurological symptoms in patients with COVID-19
(Li et al., 2020). A significant correlation was observed
between the occipital lobe activities and functional

Basic and Clinical

connectivity, visual hallucination, visual memory, and
visuospatial function (Yao et al., 2016). Hence, the oc-
cipital cortex functional impairments may play a role
in damage to multiple cognitive domains, especially in
terms of visual cognition, in patients with COVID-19.

In terms of the study limitations, first, the sample size
was small. Second, due to the high infectivity and fatal-
ity of COVID-19 and its psychosocial impacts, both the
patients and researchers experienced a huge amount of
stress. Third, brain function impairments and recovery
should be investigated in patients with COVID-19 via
longitudinal studies.

5. Conclusion

In conclusion, the study results indicated significant
clinical changes in the resting-state functional connec-
tivity in patients with COVID-19. According to MoCA
results, in such patients, functional connectivity within
different cognitive networks decreased, and cognitive
impairments occurred. Further longitudinal studies with
larger sample sizes are required to obtain more conclu-
sive results and understand the rsfMRI of cognitive net-
works and changes in neural circuits.
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Supplementary
Table 1. IC
No. IC
Frontal medial cortex, frontal pole, paracingulate gyrus, right cerebral cortex, left cerebral
1 1C00 (DMNpcc) cortex, precuneous cortex, cingulate gyrus, posterior division, lateral occipital cortex,
superior division, angular gyrus
2 1co1 Precentral gyrus, juxtapositional lobule cortex (formerly supplementary motor cortex),
postcentral gyrus, precentral gyrus, precuneous cortex
3 1C02 (salience front) Middle frontal gyrus, frontal pole, superior frontal gyrus
4 1C03 (front mpf): Paracingulate gyrus, superior frontal gyrus, frontal pole, cingulate gyrus, anterior division
5 1CO5 (V1 medial) Occipital pole, cuneal cortex, lateral occipital cortex, superior division
6 1C06 (salience insula) Left Putamen, right putamen
Superior Parietal Lobule, Supramarginal Gyrus, posterior division, Angular Gyrus, Supra-
marginal Gyrus, anterior division, Lateral Occipital Cortex, superior division
7 IC08 (DAN) Frontal Pole, Inferior Frontal Gyrus, pars triangularis
Inferior Temporal Gyrus, temporooccipital part, Middle Temporal Gyrus, temporooccipi-
tal part, Inferior Temporal Gyrus, posterior division, Temporal Occipital Fusiform Cortex,
Middle Temporal Gyrus, posterior division
8 1C09 (S2) Postcentral gyrus, supramarginal gyrus, anterior division
9 IC12 (S1L) Postcentral gyrus, supramarginal gyrus, anterior division
Lateral occipital cortex, superior division, precuneous cortex supramarginal gyrus, posterior
10 IC13 (precuneous) division, supramarginal gyrus, anterior division, angular gyrus, superior temporal gyrus,
posterior division, planum temporale, parietal operculum cortex
11 IC14 (V1 dorsal L) Lateral occipital cortex, inferior division, occipital pole, occipital fusiform gyrus
12 IC18 (cerebellum R)
13 1C20 (cerebellum)
14 1C21 (DMN angular) Lateral occipital cortex, superior division, lateral occipital cortex, inferior division
Angular gyrus, supramarginal gyrus, posterior division, parietal operculum cortex, planum
15 1C22 (danL) o SR
temporale, lateral occipital cortex, superior division
16 IC26 (front basal l.a.) Frontal pole
17 IC27 (dan R) Angular gyrus, supramarglngl gyrus, posterior dlv!s[op
lateral occipital cortex, superior division, anterior division
18 1C30 (V1 dorsal R) Occipital fusiform gyrus, lateral occipital cortex, inferior division, lingual gyrus
19 1C33 (front cranial) Superior frontal gyrus, frontal pole
Temporal fusiform cortex, anterior division, temporal fusiform cortex, posterior division,
20 1C37 (temp pole) parahippocampal gyrus, anterior division, inferior temporal gyrus, posterior division, infe-
rior temporal gyrus, anterior division
21 IC38 (BA25) Frontal medial cortex, paracingulate gyrus, subcallosal cortex
22 1C40 (A1) Insular cortex, planum polare, heschl’s gyrus (includes h1 and H2), central opercular cortex
23 IC45 (cerebellum L)

DAN: Dorsal attention network; DMN: Default mode network.
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Table 2. Demographic, clinical and paraclinical characteristics of COVID-19 patients

November & December 2023, Vol 14, No. 6

Demographic Variables No. (%)/MeantSD
Sex (male) 20(69)
Marital status (married) 27(93.1)
Age (y) 51.62+15.99
Educational status (y) 8.2815.95
Residency (city) 21(72.4)
Number of family members 3.31+2.01
Ethnicity (native) 16(55.2)
Jobless 9(31)
History of influenza vaccine 4(14.3)
Travel 14 days ago 5(17.9)
Contact the people of Corona-infected cities 2(7.1)
Contact a person with corona 15(53.6)
Pet 4(14.3)
Under lying disease (yes) 9(31)
Smoking (yes) 2(6.9)
Addiction (yes) 2(6.9)
Duration of hospitalization 8.07+2.4
Vital Signs
BP (systolic) 118.48+14.38
BP (diastolic) 78.5618.69
Temprature 38.22+11.31
Pulse rate 92.52+11.47
Respiratory rate 15.28+2.6
Clinical Signs & Symptoms
0, sat 92.69+2.47
Fever 18(64.3)
Pharyngitis 3(10.7)
Dry cough 18(64.3)
Dyspnea 13(46.4)
Rhinorrhea 0
Chills 17(60.7)
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Demographic Variables

No. (%)/MeantSD

Vomiting 8(28.6)
Nausea 6(21.4)
Diarrhea 5(17.9)
Headache 16(57.1)
Myalgia 11(39.3)
Joint pain 11(39.3)
Anorexia 6(21.4)
Epistaxis 0
Fatigue 19(67.9)
Convulsion 0
Loss of consciousness 0
Abdominal pain 7(25)
Radiological and Paraclinical Features
COVID-19 RT-PCR test (positive) 29 (100)
Chest CT Scan (ground-glass opacity) 29 (100)

Hematology Result Reference value
WBCx103/mm3 9372.57+1652.473 4000-10000
Neutrophils (%) 70.6449.3 36-80
Lymphocytes(%) 26.24+8.68 16-51
Eosinophils (%) 3.03+1.12 0.0-6

RBCx10%/mm?3 4.5+0.57 4.5-6.3

Hb (mg/dI) 13.46%1.79 14-18

HCT (%) 40.1+3.71 39-52

PLTx10%/uL 209+72 140-450
FBS/BS (mg/dL) 141.36+11.28 90-110

ESR (mm/hr) 23.19+16.37 Upto 15

CRP (mg/dL) 26.14+26.18 <6

PT(Sec) 12.45+1 10.7-13.1
PT control (sec) 11.5 70-100
PTT (sec) 33.77+4.45 24-42
INR (%) 1.0 0.9-1.0
Total bilirubin (mg/dL) 0.8+0.52 0.2-1.2
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Demographic Variables

No. (%)/MeantSD

Direct Bilirubin (mg/dL)

0.29+0.14 0-0.4

BUN (mg/dL) 37.63+14.72 7-21
Creatinine (mg/dL) 1.09+0.41 0.7-1.4

AST (IU/L) 41.5+31.8 0-41

ALT (1U/L) 33.16+14.04 0-37
ALP (IU/L) 179.43+123.33 64-306
Serum N**(mEq/L) 134.5+28.64 135-145
Serum K* (mEq/L) 4.12+0.83 3.5-5.2
Serum Ca* (mEq/L) 8.68+1.57 8.5-10.5

P (mg/dL) 3.41+0.71 2.5-5

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; BP: Blood pressure; BS: Blood sugar; BUN:
Blood urea nitrogen; Ca: Calcium; Cr: Creatinine, CRP: C-reactive Protein, COVID-19: Coronavirus 2019; ESR: Erythrocyte sedimentation
rate; FBS: Fasting blood sugar; Hb: Hemoglobin; HCT: Hematocrit; K: Potassium; MRI: Magnetic resonance imaging; Na: Sodium; O, Sat.:
Oxygen saturation; PLT: Platelet; PT: Prothrombin time; PTT: Partial thromboplastin time; P: Phosphorus; RBC: Red blood cells; RT-PCR:

Real-time reverse transcription polymerase chain reaction; WBC: White blood cells.
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