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Abstract

The immediate impact of COVID-19 can be life-threatening and has devastating effects on mental
health. Though changes in mental health during COVID-19 have been observed, the extent of its
long-term effects is still unclear. To assess the association of COVID-19 with neurological
complications, this study uses the Addenbrook Cognition Examination- III (ACE- III) to evaluate
cognitive functions such as memory and fluency in post-COVID survivors and non-COVID
patients. The primary objective is to study the long-term cognitive effects of COVID-19. A survey
was conducted among 60 patients, using the ACE- III scale. Various statistical tests such as t-test,
Cohen's d, and Fisher's exact test were used for data analysis. The findings from the memory and
fluency assessments, supported by statistical tests, suggest no significant difference in cognitive
abilities between individuals who have never had COVID-19 and those who have recovered. This
suggests that more research is needed to gain a better understanding of the long-term cognitive
effects of COVID-19. Larger sample sizes, longitudinal follow-up, and the addition of more
cognitive domains could all be helpful in future research in determining any distinct effects that

the virus may have on cognition over time.

Keywords: Cognitive function, Memory, Fluency, ACE- III Scale, SARS-Cov-2
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Glossary

COVID brain fog

ACE-III Scale

Effect Size

A range of neurocognitive symptoms such as forgetfulness, poor
attention, concentration, and focusing problems that can persist for

a long time usually weeks or months after COVID-19 infection.

A cognitive screening test to assess five cognitive domains such as
attention, memory, fluency, language, and visuospatial to identify

cognitive impairment.

It is a value that indicates how meaningful the relationship
between two variables is. It is used as a quantitative measure to find
out the strength of a phenomenon. For example, the correlation

between two variables or the mean differences in a t-test.
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Chapter 1

Introduction

1.1 Background

The COVID-19 pandemic, caused by coronavirus (SARS-COV-2), has created serious health
challenges around the world. It is a significant virus that affects the respiratory system but can also
migrate to the central nervous system (CNS), causing neurological symptoms. Recent research has
emphasized the possibility of cognitive impairment after COVID-19 infection, also known as
"COVID brain fog," which can appear as memory loss, trouble concentrating, and slower cognitive
processing (Li et al., 2023). Studies have also found that patients recovering from COVID-19 have
aberrant neuropsychological test results, including decreased memory, fluency, and other
executive abilities. These data suggest that the virus may affect several cognitive domains,
including executive processes, verbal expressiveness, and working memory. In a survey of 969
adults with SARS-COV-2 infection 6-11 months ago, 26% reported minor cognitive impairment
(Hartung et al., 2022). These abnormalities can last long after the initial infection, even in people
who have moderate or asymptomatic instances, raising worries about the virus's long-term

neurological repercussions (Sudre et al., 2021).

Although the precise process causing the cognitive dysfunctions linked with COVID-19 is still
unknown, several elements are thought to be involved. COVID-19 causes direct viral infection of
the central nervous system, neuroinflammation, neurotoxicity, tissue hypoxia, and
microangiopathy. COVID-19 has been linked to encephalopathy, delirium, and other acute
neurological disorders in extreme cases, adding to the evidence of infection with brain damage

(Helms et al., 2020). Furthermore, studies have found that the pandemic's psychological
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consequences, including as worry, stress, and depression, may worsen or mimic cognitive

impairment, particularly in vulnerable populations (Ceban et al., 2021).

Given the global prevalence of SAR-COV-2, studying how COVID-19 affects cognitive function
is critical. Because reduced cognitive function can have a significant influence on daily functioning
and overall quality of life, more study into prevention, treatment, and rehabilitation measures is

required to mitigate the long-term effects of COVID-19.

1.2 Research Gap

Despite the growing evidence linking COVID-19 to cognitive impairments, a significant research
gap remains, especially regarding the virus's long-term effects on specific cognitive domains like
memory and verbal fluency. While studies have reported generalized cognitive deficits in post-
COVID survivors, much of this research has focused on broad outcomes like ‘brain fog” and
executive dysfunction, with less attention given to detailed neuropsychological profiles.
Specifically, memory deficits, including working and long-term memory, have been inconsistently
reported across studies, leaving unclear whether these issues are transient or more persistent
(Becker et al., 2021). Additionally, while verbal fluency difficulties have been noted in some post-
COVID npatients, the mechanism driving this impairment remains poorly understood. Verbal
fluency is a complex cognitive function that involves language, executive processes, and memory
retrieval, but current studies have not consistently measured its specific decline with other
cognitive functions (Lu et al., 2020). Another significant gap is the limited understanding of how
demographic factors, age, socioeconomic status, pre-existing conditions, or the severity of
infection, influence specific cognitive impairments. Some evidence suggests that older adults and
those with pre-existing neurological conditions may be at greater risk for memory and fluency
deficits, but there is a lack of longitudinal data to track these effects over time (Li et al., 2023).
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Furthermore, the impact of mild or asymptomatic cases on memory and verbal fluency remains
underexplored, as most studies have focused on individuals, who experienced severe illness (Al-

Aly et al., 2022).

1.3 Objectives

The purpose of this study is to evaluate cognitive functions such as memory and fluency in post-
COVID survivors and non-COVID patients. The assessment is done by using ACE- III scale
which is a cognitive scale to measure various cognitive domains like memory and verbal fluency.
The results will help determine whether COVID-19 affects these specific cognitive functions and

whether any cognitive impairments persist after recovery.

1.4 Significance

This study holds significance as it sheds light on the cognitive impacts of COVID-19, particularly
in memory and fluency. It can further help us to identify any persistent cognitive deficiencies,
hence leading to a better understanding of the long-term cognitive effects of the virus. These
findings can help improve patient outcomes and quality of life by guiding healthcare providers to
early detection, improving diagnosis, and developing targeted interventions and rehabilitation

strategies for patients experiencing cognitive impairments after recovery.



Chapter 2

Methodology

The research methodology described in this section is built upon a comparative cross-sectional
design, which allows for evaluating cognitive functions such as memory and fluency between non-
COVID patients and post-COVID survivors using the ACE- III scale. It is designed to outline each
step, from participant selection to statistical data analysis. The systemic process undertaken in this
study ensures the reliability, validity, and transparency of the data collected. The key steps

undertaken in this study are-

Participants meeting specific criteria were selected from the NINS COVID-19 registry

¥

Participants were contacted and were provided with informed consent before participating

¥

Each participant opts for an in-person or video conference interview based on personal preference

¥

Data were collected using the ACE-III questionnaire

¥

Scoring was done for the ACE-III questionnaire

¥

Analyzing memory and fluency in post-COVID survivors and non-COVID individuals



2.1 Designing the Study

This study used a comparative cross-sectional approach to investigate the effects of COVID-19 on
cognitive processes such as memory and fluency skills. The study population comprised 60
participants divided into post-COVID and non-COVID groups. The post-COVID group consists
of 40 individuals, while the non-COVID group consists of 20 individuals. Before participation,
each participant was provided informed consent. The study design allows us to evaluate memory
and fluency performance between the post-COVID and non-COVID groups, resulting in a

comprehensive analysis of cognitive differences related to COVID-19.

2.2 Study Population

Participants meeting pre-defined inclusion and exclusion criteria were chosen from the NINS
COVID-19 registry. The eligibility requirement was that individuals must be 25 years of age or
older. Participants with underlying health conditions, such as patients with cognitive deficiencies
affecting speech or mobility, that might affect their cognitive performance were not included in
our study sample. After careful consideration, a final sample size of 60 participants was
determined, with 40 being post-COVID and 20 being non-COVID. This decision was made to
ensure comparability between the groups and to reduce the number of confounding variables that

might affect memory and fluency outcomes.

2.3 Data Sources

The main data source for this study was the COVID-19 registry of the National Institute of Neuro
Sciences & Hospital (NINS&H). This registry allowed us to verify the participant's health status
and the other relevant details for participant selection, and to ensure accurate group classification.

The data source was reliable and it significantly enhanced the integrity of the research.



2.4 Data Collection Method

Data were collected using a 26-item cognitive scale called the ACE-III questionnaire. It is widely
used to assess cognitive domains such as attention, memory, fluency, and others. Each participant
took part in the interview either in person or via video conference based on their personal
preference. Face-to-face interviews were conducted at NINS&H, and each session lasted between
30 to 45 minutes. This flexible approach allowed for thorough data collection, prioritizing

participant comfort and preference.

2.5 Ethical Consideration

Strict ethical standards were followed throughout the study to ensure the confidentiality of all
participants. All data were securely stored and no information was shared outside the research
team. Each participant provided informed consent before participation and they were allowed to
pause or withdraw at any time if they experienced discomfort during the cognitive assessments.
The research was also approved by the Institutional Review Board (IRB) of the National Institute

of Neurosciences & Hospital.

2.6 Data Analysis

To compare memory and fluency scores between post-COVID and non-COVID individuals, the
data analysis procedure was done. Based on the ACE-III scale scores, the following statistical

techniques have been applied to assess the cognitive differences between these groups.

Descriptive Statistics: The analysis started with the two groups' descriptive statistics being
computed. The mean and standard deviation for the memory and fluency scores were
calculated independently for post-COVID and non-COVID participants. These tests offered an

initial grasp of the central tendency and variability within each group.



II.

I1I.

IVv.

Independent Sample T-Tests: For both memory and fluency scores, independent sample t-
tests were used to determine whether there were statistically significant differences between
the two groups.

Effect Size (Cohen's d): Cohen's d has been calculated for both the memory and fluency scores
to assess the size of the difference between the two groups. An estimate of the effect size is
given by Cohen's d, which aids in interpreting the practical relevance of the observed
differences.

Fisher's Exact Test: Based on memory and fluency performance, individuals were
categorized into two using Fisher's exact test to further investigate the association between
cognitive performance and COVID-19 status. For memory, the groups were categorized as
good/moderate memory (>15) and weak memory (<15). For fluency, the groups were

categorized as high/moderate fluency (8—14) and low fluency (0-7).



Chapter 3

Result

Table 1 below presents the memories scores for twenty patients who tested negative for COVID-
19. Each patient's score from the ACE-III questionnaire is displayed with their identification,

providing individual evaluation and comparison.

Table 1 Memory Scores of Non-COVID Patients

Patient SI. no. | Memory Scores
(non-COVID)
1 23
2 26
3 19 Mean value: 18.3
4 15
5 10 Standard Deviation: 6.94
6 4
7 1
8 13
9 11
10 20
11 21
12 20
13 26
14 20
15 25
16 24
17 20
18 22
19 22
20 24




Memory Scores of Non-COVID Patients
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Figure 1 Graphical Representation of Memory Scores of Non-COVID Patients

The graph shows the memory scores of twenty non-COVID patients. The memory scores vary
from 1 and 26. The highest recorded score is 26, and the lowest score is 1. There is significant
diversity in memory performance, with the majority of individuals scoring between 10 and 26. The
graph indicates clusters of higher scores, particularly in the mid-range (patients 10-20),
demonstrating a trend of slightly superior memory ability among a considerable fraction of the
sample. However, a few outliers with lower scores (patients 4 and 6) indicate some variation in
memory capacity throughout the sample. This variance in memory performance may demand

further analysis to identify the underlying causes.

Table 2 below presents the memory scores for forty patients who tested positive for COVID-19.
Each patient's score from the ACE-III questionnaire is displayed with their identification,

providing individual evaluation and comparison.



Patient SI. no.

Memory Scores
(post-COVID)

1 8
2 20
3 9
4 12
5 24
6 17
7 18
8 6
9 10
10 15
11 19
12 13
13 13
14 24
15 22
16 25
17 25
18 16
19 20
20 20
21 23
22 25
23 13
24 25
25 23
26 26
27 17
28 19
29 16
30 22
31 24
32 20
33 24
34 16
35 25
36 25
37 26
38 26
39 24
40 24

Table 2 Memory Scores of Post-COVID Patients

Mean value: 19.475
Standard Deviation: 5.56
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Memory Scores of Post-COVID Patients
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Figure 2 Graphical Representation of Memory Score of Post-COVID Patients

The graph shows the memory scores of 40 people, ranging from 6 to 26. The x-axis displays the
number of patients, and the y-axis shows their memory ratings. The studies show significant
diversity in memory performance among post-COVID patients. Some people, such as patient
26,37,38 earned the highest, with a score of 26, while others, such as patient 7, scored far lower,

with a 6.
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Statistical Tests (T-test, Cohen’s d Test, Fisher Exact Test)

MEAN OF GROUP 1-MEAN OF GROUP 2

1. T test=
\/(STANDARD DEVIATION OF GROUP 12 STANDARD DEVIATION OF GROUP 22
NUMBER OF SCORES IN GROUP 1 NUMBER OF SCORES IN GROUP 2
19.475-18.5 _ 0.975

= = =0.31

(5.562>+(6.94—2) 3.18
40 20

The results show that there is no statistically significant difference in mean memory scores

between non-COVID and post-COVID patients, supporting the Null Hypothesis (HO).

2. Cohen’s d Test:

Standard deviation of group I’+ Standard deviation of group 2
Spooled =

_ [5.567+6.947
Spooled - 2

79.1

S =
pooled 2

Spooled =6.29

Now for the value of d-

d_Mean of group I — Mean of group 2

pooled standard deviation

19.475-185
6.29

0975

6.29

d=0.155

12



Cohen'’s d effect size Interpretation

d=.0-.19 Trivial effect
d=.20 Small effect
d=.50 Medium effect
d=.80 or higher Large effect

After comparing post-COVID and non-COVID patients, Cohen's d-value is 0.155. This shows a
relatively tiny effect size, indicating that there is minimal variance between the two groups in terms
of the variable under consideration. More research may be required to explore this further and

identify any potential discrete effects. So, I would do Fisher's exact test next.

3. Fisher Exact Test:

Good/Moderate Memory (>15) Bad Memory (< 15)
Post-COVID 31 (A) 9 (B)
Non-COVID 15 (C) 5(D)

The formula for the odd ratio is = o oxis 13 1.11

The odds ratio of 1.11 indicates that post-COVID patients are sporadically more likely to have a
good/moderate memory score (=15) than non-COVID patients. However, this is not a strong

correlation.

13



Table 3 below presents the fluency scores for twenty patients who tested negative for COVID-19.

Each patient's score from the ACE-IIl questionnaire is displayed with their identification,

providing individual evaluation and comparison.

Table 3 Fluency Scores of Non-COVID Patients

Patient Sl. no. F(l::::_cg g:,oll;)s
1 14
2 13
3 10
4 9
5 6
6 7
7 0
8 5
9 6
10 11
11 14
12 10
13 13
14 11
15 13
16 10
17 13
18 14
19 13
20 11

Mean Value: 10.15

Standard Deviation: 3.62

14
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Figure 3 Graphical Representation of Fluency Scores of Non-COVID Patients

The graph shows the fluency scores of twenty non-COVID patients. The fluency scores vary from
0 and 14. The highest recorded score is 14, and the lowest score is 0. There is significant diversity
in fluency performance, with the majority of individuals scoring between 10 and 14. The graph
indicates clusters of higher scores, particularly in the mid-range (patients 10-20), demonstrating a
trend of slightly superior fluency ability among a considerable fraction of the sample. However, a
few outliers with lower scores (patients 7, 8, and 6) indicate some variation in fluency ability
throughout the sample. This variance in fluency performance may demand further analysis to

identify the underlying causes.

Table 4 below presents the memory scores for forty patients who tested positive for COVID-19.

Each patient’s score from the ACE-IIl questionnaire is displayed with their identification,

providing individual evaluation and comparison.

15



Table 4 Fluency Scores of Post-COVID Patients

Patient SI. no.

Fluency Scores

1 5
2 10
3 2
4 1
5 13
6 11
7 9
8 3
9 5
10 10
11 12
12 9
13 9
14 14
15 12
16 14
17 12
18 12
19 12
20 12
21 13
22 12
23 14
24 14
25 14
26 14
27 11
28 12
29 4
30 13
31 13
32 9
33 13
34 8
35 10
36 9
37 11
38 14
39 14
40 12

Mean Value: 10.53

Standard Deviation: 3.50

16



Fluency Scores of Post-COVID Patients
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Figure 4 Graphical Representation of Fluency Scores of Post-COVID Patients

The graph shows the fluency scores of 40 people, ranging from 1 to 14. The x-axis displays the
number of patients, and the y-axis shows their fluency scores. The studies show significant
diversity in fluency performance among post-COVID survivors. Several individuals, including
patients 14, 16, 23-26, and 38,39, achieved the highest scores, each earning 14 points. While

others, such as patient 4, scored far lower, with a 1.

17



Statistical Tests (T-test, Cohen’s d Test, Fisher Exact Test)

MEAN OF GROUP 1-MEAN OF GROUP 2

1. T test=
\/(STANDARD DEVIATION OF GROUP 12) (STANDARD DEVIATION OF GROUP 22)
NUMBER OF SCORES IN GROUP 1 NUMBER OF SCORES IN GROUP 2
10.53-10.15 _ 0.38

= O3 =29 040

(3.502>+(3.622) 0.96
40 20

The results show that there is no statistically significant difference in mean fluency scores between

non-COVID and post-COVID patients, supporting the Null Hypothesis (HO).

2. Calculation of Cohen’s d:

Standard deviation of group I’+ Standard deviation of group 22
Spooled =

2
_ [3.50%+3.622
Spooled - 2

25.35

S =
pooled 2

Spooled =3.56

Now for the value of d-

__Mean of group 1 — Mean of group 2

d

pooled standard deviation

~10.53-10.15
3.56

0.38
d:_

3.56

d=0.11
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Cohen's d effect size Interpretation

d=.0-.19 Trivial effect
d=.20 Small effect
d=.50 Medium effect
d=.80 or higher Large effect

After comparing post-COVID and non-COVID patients, Cohen's d-value is 0.11. This shows a
relatively tiny effect size, indicating that there is minimal variance between the two groups in terms
of the variable under consideration. More research may be required to explore this further and

identify any potential discrete effects. So, I would do Fisher's exact test next.

3. Fisher exact test:

High/Moderate fluency (8-14) Low Fluency (0-7)
Post-COVID 34 (A) 6 (B)
Non-COVID 15 (C) 5(D)

A
5 _AXD _34x6 204

The formula for the odd ratio is = & = TxC 1ows 1 1.51

The odds ratio of 1.51 indicates that post-COVID patients are sporadically more likely to have a
High/Moderate Fluency score (8-14) than non-COVID patients. However, this is not a strong

correlation.
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Chapter 4

Discussion

4.1 Memory Performance

Based on the memory score analysis, post-COVID patients had a slightly higher mean score of
19.475 with a standard deviation of 5.56 than non-COVID patients, who had a mean score of 18.3
with a standard deviation of 6.94. The null hypothesis (HO) was supported by the T-test result (t =
0.31), which demonstrated no statistically significant difference between the two groups despite
the post-COVID group having a slightly higher mean. This shows that the memory scores
determined by the ACE-IIl questionnaire were not significantly impacted by the COVID-19

recovery state.

Cohen's d value was 0.155, indicating a small impact size. This implies that the difference in
memory scores between the two groups is minimal and may not reflect a significant cognitive
difference. The tiny impact size supports the conclusion that there is no significant difference in

memory ability between non-COVID and post-COVID negative patients.

The Fisher exact test was used to differentiate between patients with good/moderate memory (>15)
and those with poor memory (<15). The odds ratio was 1.11, indicating that post-COVID patients
had just a minor advantage over non-COVID patients in terms of good or moderate memory scores.
However, this link is minimal, indicating that COVID-19 recovery has little impact on memory

performance, at least in the short term.
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4.2 Fluency Performance

Non-COVID patients had a mean score of 10.15 (SD = 3.62), but post-COVID patients had a
slightly higher mean score of 10.53 (SD = 3.50). The T-test resulted in a score of 0.40, showing
no statistically significant difference in fluency performance between the two groups. This finding,
like the memory test findings, supports the null hypothesis that there is no discernible difference
in cognitive function between non-COVID and post-COVID negative patients.

Similar to the memory test, the fluency scores' Cohen's d value of 0.11 denotes a very tiny impact
size. This shows that there is little chance that the two groups' distinct fluency results represent
significant cognitive differences.

Using the Fisher exact test, patients' fluency scores were divided into two categories: low fluency
(score of 0-7), and high/moderate fluency (scores of 8—14). The link is not strong enough to
establish a meaningful trend, but the odds ratio of 1.51 suggests that patients who were post-
COVID negative had a slightly higher likelihood of demonstrating higher fluency than non-

COVID patients.

According to Graham et al. (2021), some cognitive symptoms are present in long-COVID patients
but it also highlights that those with mild COVID-19 did not report any significant cognitive
impairment. This suggests that the effect of COVID-19 on cognition depends on other factors like
the severity of COVID-19 infection, sample size, patient’s age, socioeconomic background, and
other confounding variables. Hence, to determine the cognitive outcome, it is important to consider

these additional factors too.

21



4.3 Interpretation

The findings from the memory and fluency assessments, supported by T-tests and Cohen’s d
analyses, suggest that there is no significant variance in cognitive abilities between those who
never had COVID-19 and those who have recovered from it. The slight variations seen in memory
and fluency indicate that COVID-19 does not have a long-lasting or substantial effect on cognitive

function in this group, as determined by the ACE-III questionnaire.

It is significant to highlight that although some post-COVID negative patients showed somewhat
improved cognitive performance, odds ratios were extremely near to one, and effect sizes were
very tiny. This provides more evidence in favor of the theory that in comparison to non-COVID

persons, COVID-19 recovery does not result in appreciable changes in cognitive ability.

Although these results are helpful, they also imply that further investigation is required to examine
the possible long-term cognitive impacts of COVID-19. Larger sample sizes, longitudinal follow-
up, and the inclusion of more cognitive domains could all be beneficial in future research to help
pinpoint any distinct effects the virus may have on cognition over time. Deeper insights into
cognitive consequences after COVID-19 may also be obtained by investigating variables such as

the severity of the infection, the type of treatment taken, and the amount of time after recovery.
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Conclusion

This study is designed to assess the cognitive effects of COVID-19 by comparing memory and
fluency performance in post-COVID survivors and to those who had never had the virus. Using
the ACE-III scale, the comparative cross-sectional design enabled a thorough evaluation of

cognitive functioning, with a focus on memory and fluency scores.

The study's findings show that, at least in the near term, COVID-19 had no substantial impact on
memory or fluency functions in those without pre-existing cognitive deficits. The small differences
in scores between post-COVID and non-COVID subjects indicate that any cognitive changes
caused by COVID-19 are unlikely to be significant. However, these findings highlight the need
for additional study, particularly with larger sample sizes and longitudinal designs, to investigate
COVID-19's possible long-term impacts on cognitive processes. Future research could look into
additional cognitive domains and characteristics including infection severity and time since

recovery to acquire a better understanding of COVID-19's impact on cognition throughout time.
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