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Abstract

Background: Coronavirus 2 is the cause of COVID-19, a hazardous respiratory disease (SARS-
CoV-2). More than 80% of hospitalized patients and 30% of COVID-19 survivors may have long-
term effects. The most prevalent and incapacitating symptoms of the post-COVID-19 syndrome
are thought to be fatigue and cognitive impairment. Objective: The major objective of the current
study is to trace fatigue affected post-COVID survivors’ cognitive function. Subjects and
Methods: In this study, 84 cases were enlisted, and they were subdivided into two groups. The
study group consisted of 42 post-COVID survivors, and the control group consisted of 42 healthy
individuals who were age- and sex-matched. Addenbrooke's cognitive examination revised scale,
the fatigue rating scale, and the computer-based Cognitive Assessment therapy (Rehacom
system) were adopted in the current study to evaluate each case. Results: A clear negative
correlation was found between the FSS scores and the ACE-R (r = -0.98, p = 0.001), as well as
between the FSS scores and the degree of logical thinking difficulty (r = -0.74, p = 0.001) and the
FSS scores and the level of figural memory difficulty (r = -0.93, p = 0.001). Clear positive
correlation were detected between the FSS scores and the first quartile response time (r = 0.94, p
= 0.001), the third quartile reaction time (r = 0.96, p = 0.001), the acquisition time (r = 0.97, p =
0.001), and the solution time (r = 0.98, p = 0.001). Conclusion: In post-COVID survivors, fatigue
has a major impact on cognitive abilities.
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Introduction

The COVID-19 is a severe acute respiratory syndrome coronavirus, the seventh human coronavirus, was
identified in January 2020 during the most recent pneumonia outbreak in Wuhan, Hubei Province, China.
(1). The majority of people still had persistent and incapacitating symptoms after covid-19 recovery. In
addition to the underlying neuropsychiatric and somatic symptoms, COVID-19 post-acute outcomes also
referred to as "long COVID," can include fatigue and cognitive decline. (2, 3)

The occurrence of cognitive issues in post-COVID-19 survivors is a major source of worry, but the nature of
these issues or their correlates is still ambiguous. On a broader scale, acute cognitive difficulties are typical.
Even more extensive cognitive deficits in attention, memory and executive skills were found after recovery
from COVID-19 disease in over 84,000 persons who had been tested online for suspected or biologically
proven COVID-19. (4)
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In observational studies on COVID-19 cases, 2-4
months after the onset of symptoms, 20%-40%
of them reported having trouble in concentration,
20%-34% of them experienced memory
impairment, (5) and 36% reported other
cognitive issues. (6) It has also been confirmed
problems in frontal lobe and, to a lesser extent,
temporoparietal cortical hypometabolism are
frequent findings in the acute phase of COVID-19-
related encephalopathy. (7)

The most frequent long-term health problem
experienced by COVID-19 survivors is post-viral
tiredness. The tens of millions of disease
survivors may be at risk of developing other long-
term health problems. According to early
findings, post-viral fatigue is the most prevalent
long-term health problem affecting illness
survivors. (5) The current study traces how post-
COVID-19 survivors’ cognitive abilities were
affected by Fatigue.

Subjects and Methods

The ethical committee of faculty of physical
therapy at Cairo University has accredited this
cross-sectional case-control study, which was
conducted on 84 participants during the course
of the months from December 2021 to June 2022.
The subjects were recruited from the outpatient
clinic. P.T. REC/012/003782 says no. Before
taking part, each participant signed an informed
consent form.

Two groups were created for the cases. 42 post-
COVID survivors made up the study group (GA),
while 42 healthy individuals who were matched
for age and sex made up the control group (GB).

The inclusion criteria cover the following aspects:
Age range from 55 to 65 years, both sexes,
recovery time from COVID was from three to six
months and a score of at least 6 on the fatigue
severity scale.

The exclusion criteria encompass the following
aspects: neurological or systemic conditions that
could impair cognition, weariness brought on by
neurological, psychiatric, endocrine, or metabolic
problems, Cognitive impairment that existed
before the Covid infection, as well as current
drugs such sedatives, anti-epileptics, and anti-

depressants that may have an impact on
cognition.
Moreover, @ The Addenbrooke’s Cognitive

Examination Revised scale, the Fatigue Severity

Scale, and the RehaCom computer-based Cognitive
Assessment and Therapy were used to evaluate
each case.

Methods

All subjects were assessed using Fatigue Severity
Scale, Addenbrook's Cognitive Examination Revised
scale, and RehaCom computer based Cognitive
Assessment and Therapy.

A-  Fatigue Severity Scale (FSS):

A self-report questionnaire with nine items is called
the Fatigue Severity Scale (FSS). Each statement
about weariness is an item that the subject scores
on a scale from 1 to 7 (totally disagree to
completely agree). It is succinct, simple to
administer, and exhibits internal consistency and
dependability. An FSS score of at least 4 was
selected as the threshold for severe fatigue (8).

B-  Addenbrooke's Cognitive Examination Revised
(ACE-R):

The original Addenbrooke's was developed in 1999
by the Cambridge-based medical council cognition
and brain science department to recognize mild
dementia and distinguish frontotemporal dementia
from Alzheimer's disease. A total score of 100 was
derived from the original 26 components, which
were divided into 5 subscores: memory (26 points),
language (26 points), fluency (14 points), attention
(26 points), and visuospatial function (16 points).
The deadline is between 12 and 20 minutes, with a
16-minute average (9). The 83-cut-off showed good
sensitivity, specificity, likelihood ratios, and post-
test probability (in memory clinic base rate) for
identifying dementia and non-dementia in a clinical
population (10).

C-  RehaCom-Computer-based Cognitive
Assessment and Therapy
The interactive computerized cognitive

examination was conducted using RehaCom
software. RehaCom comprises the evaluation of
several cognitive processes, including executive
functioning, attention, memory, and visual-spatial
abilities. The application has numerous modules
with varying degrees of complexity. As the subject
completes easier procedures successfully, the task
difficulty level automatically increases. Recording
various errors, test completion times for each
patient, and assessment results files allows for
consistency over multiple sessions and data storage
in a database. The computer provides patients with
appropriate instructions and performance feedback
in their language. The assessment categories were
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allocated among attention, concentration,
reaction (length), word memory, verbal memory
(i.e., the full text, not just specific words), spatial
memory, and figure memory. (11)

Patients’ personal information was entered first,
and then the Rehacome-related parameters were
changed. Figural memory and logical thinking
were evaluated. Every section underwent a 30-
minute evaluation. At the end of the session, a
score for patients was created about the
following data when the patient settled into a
comfortable sitting posture at the level of the
Rehacom system screen. Level of difficulty,
quartile reaction timel, and quartile reaction
time3 are all included in the figural memory
report. Level of difficulty, quartile reaction timel,
and quartile reaction time3 are included in the
report on logical reasoning.

Statistical analysis

The comparison of case characteristics among
groups was carried out using an unpaired t-test.
For comparing FSS, ACE-R, logical reasoning, and
figural memory between groups, an unpaired t-
test was used. To examine the relationship
between FSS, ACE-R, logical thinking, and figural
memory in patients with post-covid-19, Pearson
correlation coefficients were used. All statistical
tests had a significance threshold of p < 0.05. The
statistical program for social studies (SPSS)
version 25 for Windows was adopted in the
current study for all statistical analyses (IBM
SPSS, Chicago, IL, USA).

Results

42 post-COVID-19 survivors and 42 healthy
control patients in total were involved in the

current study. The flow diagram of the study’s
cases is shown in Figure 1.

Figure (1): Consort flow diagram of subjects of
the study.

Subject characteristics of the study and control
groups are shown in table (1).

Table 1. Characteristics of subjects in both groups.

Study group | Control group t-
MD 1 p-valug
Mean * SD Mean * SD value

Age (years) 60.19 + 3.14 59.37 +2.51 0.82 1.32 0.19
BMI (kg/m?) 31.58+5.16 31.32+4.39 0.26 0.24 0.8
Duration of
illness (months) 4452113
Sex, N (%)

Females 35 (83%) 7 (17%)

Males 35 (83%) 7 (17%)

SD: Standard deviation; p-value: probability value

Comparison of FSS and ACE-R scores between
study and control groups:

There was a clear increase in the mean score of FFS
in the study group compared with the control
group (p < 0.001). Also, there was a noticeable
decrease in the mean total score of ACE-R in the
study group compared with the control group (p =

0.001) (Tabl

es 2, 3).

Table 2. Comparison of mean total scores of FSS

and ACE-R between study and control groups.

Study group | Control group
MD |t-value | p-value
Mean * SD Mean * SD
FSS score 6.45+0.23 3.1+0.36 3.35 50.57 0.001*
ACE-R
total 4454 +11.28 93.21+2.19 -48.67 | -27.43 | 0.001*
score

SD: standard deviation; MD: mean difference; p-value:
probability value; *Significant

Table 3. Comparison of mean scores of ACE-R
domains between study and control groups.

Study group | Control group
MD t-value | p-value
Mean  SD Mean  SD

ACE-R
Attention score 145+ 1.64 17.04£0.58 -2.54 -9.47 0.001*
Memory score 6.69 +3.75 2473 +0.44 -18.04 | -30.96 | 0.001*
Fluency score 4.78+1.73 12.59 £0.49 -7.81 -28.08 0.001*
Language score 12.78 + 3.62 24.52 +0.63 -11.74 -20.7 0.001*
Visio Spatial score 5.52+1.17 1431047 -8.79 -45.06 | 0.001*
Total ACE-R score 4442 +1131 93.21+2.19 -27.45 -2745 0.001*

SD: standard deviation; MD: mean difference; p-value:
probability value; *Significant
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Comparison of logical reasoning and figural
memory between study and control groups:

There was a significant decrease in the difficulty
level of logical reasoning and figural memory in
the study group compared to the control group
(p < 0.001). There was also a significant increase
in quartile reaction time 1 and quartile reaction
time 3 in the study group compared with the
control group (p < 0.001). Moreover, there was
an apparent increase in the acquisition time and
solution time in the study group compared with
the control group (p < 0.001). (Table 4)

Table 4. Comparison of logical reasoning and
figural memory between study and control
groups.

Study group Control group

MD t-value |p-value

Mean + SD Mean  SD

Logical reasoning:

Difficulty level 1234043 414097 -2.91 -17.62 | 0.001*

Quartile reaction

+
time 1 (ms) 13032.31£1932.01

4947.59 +846.78 8084.72 24.83 | 0.001*

Quartile reaction 2403676 + 8296.44 6643.54 +

*
time 3 (ms) 1610.94 1739322 | 13.33 | 0.001

Figural memory:

Difficulty level 1.92£081 5.42£0.99 -3.5 -17.73 | 0.001*

Acquisition time (s) 2357+£9.01 414137 19.43 138 | 0.001*

10323 £3.07 56.64 +12.04 46.59 24.29 | 0.001*

Solution time (s)

SD: standard deviation; MD: mean difference; p-
value: probability value; *Significant

Correlation between FSS and ACE-R, logical
reasoning, and figural memory in the study
group:

There was a significant negative relation
between scores of FSS and ACE-R (r = -0.98, p =
0.001). An apparent negative correlation was
also found between scores of FSS and difficulty
level of logical reasoning (r = -0.74, p = 0.001)
and clear positive correlation was found between
FSS scores and quartile reaction time 1 (r = 0.94,
p = 0.001) and with quartile reaction time 3 (r =
0.96, p =0.001).

An apparent negative correlation was highlighted
between scores of FSS and difficulty level of
figural memory (r = -0.93, p = 0.001), whereas, a
noticeable positive correlation was found
between scores of FFS with acquisition time (r =
0.97, p = 0.001) and solution time (r = 0.98, p =
0.001). (Table 5)

Table 5. Correlation between FSS, ACE-R, logical
reasoning, and figural memory in the study group.

rvalue | p-value
ACE-R total score -0.98 0.001*
Logical reasoning
Difficulty level -0.74 0.001*
Quartile rezlnction time 0.94 0.001*
FSS score Quartile re;ction time 0.96 0.001*

Figural memory

Difficulty level -0.93 0.001*
Acquisition time 0.97 0.001*
Solution time 0.98 0.001*

r value: Pearson correlation coefficient, p-value:
probability value;*Significant

Discussion

The outcomes of the current research showed that,
in comparison to healthy controls, the study group
displayed observable impairment in some cognitive
domains, including figural memory, reaction
behavior, attention, visuospatial ability, fluency,
and language. These results supported by the
findings of Hosp et al. (12), who noted that the
majority of COVID-19 survivors who are
hospitalized or inpatients exhibit cognitive
impairment as determined by clinical screenings
(e.g., the Brief Memory & Executive Test [BMET] or
Montreal Cognitive Assessment [MoCA]) during the
acute phase (4-6 weeks after the onset of
symptoms) (12).

The present study's findings were consistent with
those of a study by Jaywant et al. (13), who
discovered that neuropsychological evaluations of
post-COVID survivors revealed deficits primarily in
executive function, with specific impairment in
orientation, processing speed, set-shifting, and
divided attention. (13)

Several studies have found that after COVID-19,
cognitive impairments occurred in more than 25%
of individuals. (14-23) Deficits were noted in verbal
fluency, short-term memory, concentration, general
memory loss (18, 22, 24, 26), a specific reduction in
language, attention, memory, and praxis abilities,
and dementia (23). (26).

Some have claimed that executive function issues
following COVID-19 infection may be caused by
frontal lobe illness (Ardila and Lahiri, 2020).
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Within a month of the onset of symptoms,
frontoparietal hypometabolism predominates
together with severe executive dysfunction (13),
revealing a precise neurological basis for the
central executive network (CEN).

Furthermore, the outcomes of the current study
showed a significant negative correlation
between the FSS and ACE-R. Scores, as well as a
significant negative correlation between the FSS
scores and the difficulty of logical reasoning and
figural memory. However, a significant negative
correlation was found between the FFS scores
and acquisition time and solution time. These
results corroborated those of Jason et al. (27)
who claimed that among sensitive people, fatigue
and cognitive impairment seem to persist and
may even get worse over time. Additionally,
Twonsend et al. (28) observed that fatigue may
negatively affect physical and cognitive abilities
as well as health and safety.

On another level, the outcomes of the present
study go in line with those of Townsend L et al.
[29], who indicated that fatigue may negatively
impact health and safety by impairing physical
and cognitive functions. Although prior research
in many populations has revealed a link between
fatigue and physical or cognitive function

According to Jacobson et al, fatigue has been
linked to long-term activity impairment (30) It
should be mentioned that nine of the 14 research
revealed the existence of proinflammatory
markers as well as chronic tiredness and/or
cognitive impairment in their sample (31,32,
33,34, 35,36, 37), and several studies identified a
relationship between elevated inflammation
measurements and PCS symptoms (34,35,36).

A kind of post-infectious fatigue syndrome, PCS is
characterized by exhaustion and cognitive
impairment. It has phenotypic characteristics
with ME/CFS, which is frequently brought on by
an infectious agent [38]. The chronic
psychological stress experienced before and
during infection appears to be the primary factor
contributing to the COVID-19 effects, together
with the systemic inflammation brought on by
the viral infection (39). (40,41).

However, some studies were unable to establish
a connection between fatigue and cognitive
decline. (42,43) This might be because the Mini-
Mental State Examination (MMSE) score, which
has a lower sensitivity when detecting cognitive
impairment, was utilized in academic work.

Conclusion

Based on the outcomes of this study, it is possible
to conclude that fatigue and cognitive dysfunctions
are related to post-COVID-19 survivors. Therefore,
for post-COVID survivors’ early detection and
rehabilitation of fatigue is important for improving
cognitive functioning and quality of life of post
covid survivors.
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