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ARTICLE INFO ABSTRACT
Article type: Background: Post-COVID-19 neurological sequelae may have a long-term negative impact on
Research Article cognitive functions and quality of life in recovered patients. Cognitive stimulation based on computer
tasks combined with transcranial direct current stimulation (tDCS) is a promising approach to address
Article history: cognitive impairments and consequently improve the quality of life in these individuals. However,
Received 24 December research literature on the effectiveness of this combined method has gaps that require further
2024 investigation.
Received in revised form Aims: This study aimed to compare the impact of cognitive stimulation based on computer tasks
21 January 2024 with and without transcranial direct current stimulation on the health-related quality of life in
Accepted 24 February recovered COVID-19 patients.
2024 Methods: This research was conducted in the form of a semi-experimental pre-test-post-test design
Published Online 21 with a control group and a one-month follow-up. The sample size of the study consisted of 45 patients
December 2024 recovered from covid-19 in Mashhad city, who were selected by available sampling method and
randomly divided into 3 groups of 15 including computerized cognitive stimulation group,
Keywords: computerized cognitive stimulation combined with single-site anodal electrical stimulation (tDCS)
computer-based and computerized cognitive stimulation with artificial electrical stimulation (Sham). Participants
cognitive rehabilitation, completed the Weir and Sherburne (1992) SF-36 Health-Based Quality of Life Short Form before
Covid-19, and after the intervention. Analysis of variance with repeated measurements and SPSS 24 software
quality of life, were used for data analysis.
tDCS Results: Both methods of cognitive stimulation based on computer tasks alone and in combination

with (tDCS) increased the average scores of the quality of life and its subscales in those who
recovered from the acute stage of covid-19 (p=0.05)and this increase was stable in the one-month
follow-up phase. In addition, there was no significant difference between the effectiveness of the two
treatments in improving the quality of life.

Conclusion:Computerized cognitive stimulation alone and together with transcranial brain
stimulation can lead to improvement of health-related quality of life in those who have recovered
from covid-19 disease. This enables us to enhance and update current rehabilitation programs to meet
patient needs.
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Introduction

In December 2019, a pandemic emerged in Wuhan,
China, capturing global attention and adopting the
name of the coronavirus infection (Thompson, 2020).
This virus rapidly spread to other countries and
worldwide, and evolved into a global pandemic
(Wang et al., 2020; Huang et al., 2020). Although
initially recognized as a severe respiratory syndrome,
laboratory investigations soon revealed the potential
of this virus to cause serious damage to the nervous
system. Previous research on viral pandemics had
indicated that viral infections could disrupt mental
neural function, and inflammation could negatively
impact cognitive function (Zhuo et al., 2020; Lotfi et
al., 2022). For instance, follow-up studies on SARS-
CoV-1 demonstrated a close association between the
severity of lung abnormalities and the quality of life
in survivors (Wang et al., 2020). The direct impact of
viral-induced inflammation on neurophysiological
functions and the subsequent psychological
consequences arising from the extensive quarantine
measures significantly affect the quality of life of
individuals (Lotfi et al., 2022). The physical, mental,
social, and economic dimensions of life quality
undergo substantial changes in chronic illnesses. In
these patients, the quality of life is influenced by the
severity, duration of the disease, and medications
prescribed (Saberi & Fanisaberi, 2021). Chen et al.
(2020) first reported that the quality of life for
COVID-19 patients remains affected even three
months after recovery. "Chronic COVID" is
associated  with  serious  neurological and
neurocognitive disorders, sometimes referred to as
"neuro-COVID." Nervous system damage resulting
from this disease can have profound effects on
cognitive functions and the daily life quality of
individuals who were initially believed to have fully
recovered from the disease. In this context, evaluating
patients' health-related quality of life serves as a key
indicator for assessing the effectiveness of
therapeutic interventions.

In this context, evaluating patients' health-related
quality of life serves as a key indicator for assessing
the effectiveness of therapeutic interventions.
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The World Health Organization defines quality of life
as the individual's perception of the situation they live
in, and their cultural background and value system.
This perception is based on their goals, expectations,
standards, and interests. Executive functions also
directly impact individuals' quality of life. For
example, working memory impairment in individuals
can lead to a decline in their daily life performance
(personal and social) and reduce their overall life
quality. It can affect their abilities in activities such as
work, driving, commitment to treatment, or
maintaining social relationships (Mozafari & Mehri
Nejad, 2020). Now the question arises: after the end
of the pandemic, will the previously experienced
methods be responsive to the increasing societal
needs for the rehabilitation and cognitive
improvement of disease survivors? One of the various
techniques used in cognitive rehabilitation programs
is Computer-Based Cognitive  Rehabilitation
(CBCR). Another highly effective therapeutic
intervention for cognitive function rehabilitation is
transcranial Direct Current Stimulation (tDCS).
Cognitive rehabilitation through computer-based
cognitive exercises induces structural changes in
brain structures and enhances behavior by altering
cognitive functions. On the other hand, brain
electrical stimulation can directly make the brain
tissue susceptible to changes through the changes that
take place in long-term learning (such as increased
synaptic prefrontal membrane thickness, increased
vesicles, increased synaptic receptors) (Mohammadi
Molod et al., 2023). It seems that combining cognitive
rehabilitation and brain electrical stimulation
methods can enhance effectiveness and shorten the
treatment period. Previous research supports the
effect of computer-based cognitive rehabilitation and
tDCS interventions on improvement of cognitive
impairments and the quality of life of individuals with
cognitive impairments. However, most studies have
independently investigated the effects of each of these
cognitive empowerment methods and tDCS.
Therefore, the aim of this study is to compare the
impact of computer-based cognitive stimulation with
and without transcranial Direct Current Stimulation
(tDCS) on the quality of life and clinical symptoms of
COVID-19 survivors.
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It was a semi-experimental study with pre-test-post-
test, and a control group and a one-month follow-up.
The statistical population included all COVID-19
patients aged 25 to 55 who had been diagnosed and
treated in healthcare centers in Mashhad during the
fall and winter of 2021. They had a minimum of 14
days since their recovery. A total of 45 participants
were selected through convenience sampling and
randomly assigned to three groups of 15 individuals
each. These groups included the Computer-Based
Cognitive Rehabilitation group, the group receiving
Computer-Based Cognitive Rehabilitation along with
transcranial Direct Current Stimulation (tDCS) with
single-position anode stimulation, and the group
receiving Computer-Based Cognitive Rehabilitation
along with Sham transcranial electrical stimulation
(Sham). The electrical stimulation intervention was
performed using the MindalivE device (Oasis Pro
model), and the cognitive rehabilitation software for
memory and attention called "Aram." A training
package consisting of four tasks was utilized,
administered in four 30-minute sessions per week
over a period of four weeks (a total of 16 sessions). In
the second group, in addition to computer-based tasks
similar to the first group, tDCS was applied with
single-position anode stimulation. This was done
using two electrodes with dimensions of 5.1 x 2 cm
as the anode and 6 x 2 cm as the cathode, applied for
20 minutes. The anode electrode was placed over the
left DLPFC area (F3 area), and the cathode electrode
was placed on the opposite hemisphere over the
superorbital area (Fp2 area). Thus, participants
continued computer tasks 10 minutes after tDCS
application. Participants completed the 36-1tem Short
Form Health Survey (SF-36) and the Beck’s
Depression Inventory Il (BDI-11) before and after the
intervention. After 16 intervention sessions following
the aforementioned protocols, participants completed
the initial questionnaires again to assess the
effectiveness of the interventions on the quality of
life. Data analysis was performed using repeated
measures ANOVA and SPSS version 24.
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Results

The participants' average age was 39.53 years. The
mean ages for the three research groups were 39.40
for the first group, 39.33 for the second group, and
39.87 for the third group. In terms of gender, there
were 7 men (46.7%) and 8 women (53.3%) in each of
the three groups. In terms of education, in the first
group, there are 6 people with a diploma and below
(0.40%), 5 people with an associate degree (33.3%),
2 people with a bachelor's degree (13.3%), and 2
people with a master's degree (13.3%). In the second
group, there were 6 people with diploma and below
(0.40%), 4 people with associate degree (26.7%), 3
people with bachelor's degree (20.0%) and 2 people
with master's degree (13.3%). In the third group, the
education of 6 people was diploma or lower (0.40%),
3 people had associate degree (0.20%), 3 people had
bachelor's degree (0.20%), and 3 people had master's
degree (0.20%). In terms of marital status, there were
2 single people (13.3 percent) and 13 married people
(86.7 percent) in each of the three groups.

To investigate the hypothesis that there is a
difference between the effect of cognitive stimulation
based on computer tasks with and without stimulation
through direct electric current (tDCS) on improving
the quality of life of patients who have recovered
from Covid-19, the analysis of variance test with
repeated measurements was used. In this regard, first
the important statistical assumptions of this test were
examined and after the assumptions were fulfilled,
the analysis of variance test was carried out with
repeated measurements."The first assumption was the
normality of the data distribution and the absence of
outliers. For the test of this assumption, the results
showed the mean of the data between -0.64 to 0.17
and the standard deviation of the data between -7.00
to 0.01. It is important to note that these values fall
within the range of -2 and +2 standard deviations
from the normal distribution. Additionally, the
skewness and kurtosis of the data did not indicate the
presence of outliers. Another assumption of this test
was the equality of variances using the Levene's test.
The results of this test for both variables showed no
significant difference (p<0.05), indicating equality of
variances. Therefore, this assumption was also
accepted for the test of equality of means and
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variances using the Box's M test. The results of this
test for homogeneity of variances showed equality for
one variable (Box's M=20.46, p<0.05) and inequality
for another variable (Box's M=26.70). However,
further post-hoc tests revealed no significant
differences in the results. In conclusion, the results of
both variables did not show significant differences,
indicating that the assumptions of normality and
equality of variances were met. The use of the
Wilcoxon test also confirmed this finding, as the
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results showed no significant differences in the ranks
of the variables (p>0.05). In summary, the initial
assumptions of normality and equality of variances
were met, and the results of the test supported these
assumptions.”

The results of repeated measures ANOVA are
presented in Table 1. They indicate that all three
intervention methods had a significant effect on the
subscales related to quality of life (p < 0.01).

Table 1. Repeated measures ANOVA for quality of life variables in the three experimental groups

group source component sum of degrees of mean F sig Partial Eta
squares freedom square Square

Physical health subscale ~ 33807.433 1.379 24517.815 29.384 .000 677

Corgzgtﬁ{t'issse" step I\r/llentallhhealfhhsubbscalle 31040.387 1.547 20069.010 15248 .000 521
P A Physical health subscale 16107.400 19.304 834.386 - - -
Rehabilitation group  error (St€p)  “proniay health subscale 28500578 21654 1316208 - i -

Computer-Based ste Physical health subscale ~ 55969.744 1.359 41172.233 16.960 .000 .548

Cognitive P Mental health subscale 63995.805 1.506 42487.348 12344 .001 469
Rehabilitation group error (step) Physical health subscale ~ 46201.422 19.032 2427.607 - - -
+DCS Mental health subscale 72582.582 21.087 3442.013 - - -

Computer-Based step Physical health subscale =~ 59328.291 1.870 31727.480 19.990 .000 .588

Cognitive Mental health subscale 52405.821 1.648 31791.260 13.163 .000 .485
Rehabilitation group error (step) Physical health subscale ~ 41550.567 26.179 1587.167 - - -
+Sham tDCS Mental health subscale 55737.329 23.078 2415.162 - - -

Table 2 illustrates the within-subject effects on
quality of life variables. According to the table, the
interaction effect of stage*group was not significant
for any of the variables (p > 0.05). This finding
suggests that there is no significant difference
between the groups in terms of the impact on quality

of life variables. Therefore, the research hypothesis
that "there is a difference in the effect of Computer-
Based Cognitive Stimulation with and without
transcranial Direct Current Stimulation (tDCS) on the
quality of life improvement of recovered COVID-19
patients” was not confirmed.

Table 2. Within-subject effects on quality of life variables

source component sum of squares  degrees of freedom mean square F sig Partial Eta Square
step Physical health subscale 146581.846 1.791 81857.016 59.277 .000 .585
Mental health subscale 143843.701 1.856 77483.520 38.525 .000 478
step *group Physical health subscale 2523.623 3.581 704.645 510 .708 .024
Mental health subscale 3598.311 3.713 969.142 482 735 .022
error (step) Physical health subscale 103859.389 75.210 1380.932
Mental health subscale 156820.488 77.971 2011.278

Conclusion

The purpose of this research was to compare the
effect of cognitive stimulation based on computer
tasks with and without transcranial direct current
stimulation (tDCS) on health-related quality of life in
patients who have recovered from Covid-19. Initially,
the current research demonstrated that both
intervention methods, including computer-based
cognitive rehabilitation perse and in combination
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with transcranial Direct Current Stimulation (tDCS),
had a significant effect on variables related to the
quality of life. They can impact the quality of life of
individuals recovering from COVID-19. The findings
of this research regarding the impact of computer-
based cognitive rehabilitation on improving the
quality of life of individuals with cognitive
impairments are consistent with the studies by Ahn
and Won (2019), Baratpour and Dasht Bozorgi
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(2020), Montoya-Murillo et al. (2020). The first study
reporting on the combination of these two types of
treatments and investigating their effectiveness on the
quality of life of COVID-19 survivors was by
Thomas et al. (2022). This study involved a
randomized controlled trial to examine the effects of
cognitive training and transcranial Direct Current
Stimulation on cognitive outcomes and quality of life
in patients with cognitive disorders after COVID-109.
They investigated the effects of cognitive training
perse or in combination with tDCS on cognitive
performance, quality of life, and mental health in
patients with cognitive disorders after COVID-19.
However, as of the writing of this article, the results
have not been published. The first published report on
the combination of tDCS with computer-based
cognitive rehabilitation was a case study conducted
by Vysotsky et al. (2023) in a patient with post-
COVID brain-fog. The presented data indicated that
tDCS, in combination with cognitive rehabilitation,
may be an effective therapeutic option for patients
with  post-COVID brain-fog. Regarding the
explanation of the results on the effect of transcranial
electrical stimulation, it can be stated that the most
fundamental mechanism of tDCS is increasing resting
potential in the anodal cortex area and decreasing it
in the cathodal area. This leads to enhanced
excitability of neurons in the brain cortex in these
areas (Yamada & Sumiyoshi, 2021). It seems that as
the executive functions and memory of these patients
are restored and enhanced, there is a potential for
improved performance in both the physical and
mental aspects of individuals, as the components of
quality of life (Cantisano et al.2021). Previous studies

Vol. 23, No. 144, 2024

had shown that improvement in cognition correlates
positively with the quality of life (Li et al., 2020). In
conclusion, it can be stated that the combination of
computer-based  cognitive  rehabilitation  and
transcranial brain stimulation, which are among non-
invasive and neuromodulation methods, can lead to
changes in the quality of life of individuals. This
effect occurs through enhancing cognitive abilities
and increasing individuals' ability to manage and
control their lives.
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