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Objective This study aimed to explore the characteristics and factors related to changes in cognitive function in vulnerable individuals
with cognitive impairment during the coronavirus disease 2019 (COVID-19) pandemic.

Methods Among patients who visited a local university hospital with subjective cognitive complaints, those who had been tested for
cognitive function at least once after the onset of COVID-19 and tested regularly at least three times within the last 5 years were included
(1st, the initial screening; 2nd, the test immediately before the COVID-19 pandemic; 3rd, the most recent test after the pandemic). Fi-
nally, 108 patients were included in this study. They were divided into groups according to whether the Clinical Dementia Rating (CDR)
was maintained/improved and deteriorated. We investigated the characteristics of the changes in cognitive function and related factors
during COVID-19.

Results When comparing CDR changes before and after COVID-19, there was no significant difference between the two groups
(p=0.317). Alternatively, the main effect of the time when the test was conducted was significant (p<0.001). There was also a significant
difference in the interaction between the groups and time. When the effect of the interaction was analyzed, the CDR score of the main-
tained/improved group significantly decreased before COVID-19 (1st-2nd) (p=0.045). After COVID-19 (2nd-3rd), the CDR score of
the deteriorated group was significantly higher than that of the maintained/improved group (p<0.001). Mini-Mental State Examina-
tion recall memory and changes in activity during COVID-19 were significantly associated with CDR deterioration.

Conclusion Memory dysfunction and decreased activity during the COVID-19 pandemic are strongly related to the deterioration of

cognitive impairment.
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INTRODUCTION

Decreased cognitive function is a common feature of aging
and is associated with poor quality of life, a lack of functional
independence and mortality.* Cognitive decline is a hallmark
of Alzheimer’s disease and other dementias, often indicating
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their onset.>* Older adults suffering from cognitive decline
are more likely to demand continuous care from their fami-
lies and society, which, in turn, increases the burden on fam-
ily members and social insurance funds. Dementia has high-
er health and social care costs ($16.2 bn) than cancer ($6.8
bn) and chronic heart disease ($3.4 bn) combined.’ The cost
of dementia globally reached $1 trillion in 2018 and would
double to $2 trillion by 2030.°

Therefore, effective population-based strategies need to be
established to prevent or delay cognitive decline in the older
population. Previous studies have shown that cognitive de-
cline is associated with sociodemographic factors,” lifestyle,*’

11,12

neuropsychiatric problems,'® chronic illness,'"'* and social

isolation.”*"* A cognitively and socially enriched lifestyle is im-
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portant for older adults, especially to maintain their level of
independence, mental health, and well-being.'>'¢

The World Health Organization (WHO) has warned that
vulnerable groups, such as older people and individuals with
underlying health conditions, are facing the most serious
threats and challenges to mental and psychosocial health."”
Older adults with impaired cognition are at high risk of be-
ing infected with coronavirus disease 2019 (COVID-19),"
which increases the risk of disease-related morbidity and mor-
tality.”” The pandemic also intensifies their vulnerability be-
cause of the adverse effects of increased isolation,” lack of

2122 reduced social involvement,?*? and in-

physical exercise,
tentional cessation of activities.”

After the emergence of COVID-19 in South Korea, a coro-
navirus pandemic rapidly worsened in February 2020 with a
specific religious group gathering in the Daegu area. Accord-
ingly, the Korean government implemented “social distanc-
ing” as a recommendation to prevent the virus from spread-
ing. Social distancing can be implemented in many ways, with
its aim being to keep people apart from each other to reduce
contact rates. It included restrictions on private gatherings,
events and assemblies, observation of personal hygiene, con-
trol of unnecessary outings, and reinforcement of quarantine
management of multi-use facilities. Social distancing has de-
creased activities and affected most people’s daily lives, who
remain confined to their homes.”**

Accessing social support systems and participating in so-
cial activities are key to supporting the well-being of people
with cognitive impairment. However, the advent of the CO-
VID-19 era will cause activity limitations and result in multi-
ple clinical changes in individuals with cognitive impairment.
The present study aimed to investigate the characteristics of
cognitive function changes in individuals with cognitive im-
pairment who are vulnerable to social distancing and loss of
activities during the pandemic, and to explore the related
factors.

METHODS

Participants

All participants were outpatients or inpatients with subjec-
tive cognitive complaints who visited Yeungnam University
Hospital between January 2017 and February 2021. A flow-
chart of the participants is shown in Figure 1. A total of 1,405
participants underwent initial evaluation during this period.
Those who had been tested at least once since the outbreak
of COVID-19 and underwent assessment of cognitive func-
tion and social activity level three times or more regularly
within the last 5 years were included. The initial screening
was classified as the 1st trial, the test immediately before the
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225
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for the study
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Figure 1. Summary of the evaluation process for all participants.
The 1st, initial screening test; 2nd, test immediately before the
coronavirus disease 2019 (COVID-19) pandemic outbreak; 3rd,
most recent test after the COVID-19 outbreak.

COVID-19 pandemic outbreak as the 2nd trial, and the most
recent test after the outbreak as the 3rd trial. Participants who
did not undergo the assessment regularly and those aged un-
der 60 years who had cognitive dysfunction due to organic
brain damage were excluded (Figure 1).

Finally, 108 patients were included in this study. They were
divided into groups according to whether the Clinical Demen-
tia Rating (CDR) was maintained/improved and deteriorat-
ed. The differences between CDR changes before and after
COVID-19 (2nd trial vs. 3rd trial) were compared. Addition-
ally, we analyzed the interaction between the groups (CDR
maintained/improved and deteriorated groups) and period
(before and after COVID-19). This study was approved by
the Institute Review Board of Yeungnam University Medical
Center (YUMC 2021-06-039).

Procedure and measures

Assessment of cognitive function

The evaluation results from the participants were collected
by a psychiatrist and trained psychology graduates at base-
line and follow-up.

The Korean version of the Mini-Mental State Examination
The Mini-Mental State Examination (MMSE) was used to
assess cognitive function in the study participants. In South
Korea, the Korean version of the MMSE (K-MMSE) has been
developed and is widely used to evaluate cognitive impair-



ment.* For the purpose of this study, 11 subtests comprising
the MMSE and global MMSE scores were considered inde-
pendently. The MMSE comprises 11 major items: temporal
orientation (5 points), spatial orientation (5 points), immedi-
ate memory (3 points), attention/concentration (5 points),
delayed recall (3 points), naming (2 points), verbal repetition
(1 point), verbal comprehension (3 points), writing (1 point),
reading a sentence (1 point), and visual construction (penta-
gon copying, 1 point). Pentagon copying consisted of the sub-
ject drawing two intersecting pentagons. The MMSE has a
maximum score of 30, with five different domains of cogni-
tion analyzed: 1) orientation, contributing a maximum of 10
points; 2) memory, contributing a maximum of 6 points; 3)
attention and calculation, as a measure of working memory,
contributing a maximum of 5 points; 4) language, contribut-
ing a maximum of 8 points; and 5) design copying, contribut-
ing a maximum of 1 point. The K-MMSE score is influenced
by education and age; therefore, a single score was not used in
the diagnosis of dementia. The score was standardized by cor-
recting for age and educational background.”

CDR

The CDR evaluates three domains of cognition (memory,
orientation, and judgment/problem-solving) and three do-
mains of function (community affairs, home/hobbies, and
personal care), and is a semi-structured interview involving a
subject and an informant. The six CDR domains were rated
from 0 (no impairment) to 5 (most severe impairment), and
two primary CDR scores were derived. From the six individ-
ual category ratings, or box scores, the CDR-global score (GS)
was established by clinical scoring rules. The scores for the six
domains were summed to obtain a CDR-sum of boxes (SOB)
score ranging from 0 to 30, with a higher score indicating
more severe impairment and a higher likelihood of demen-
tia. The CDR demonstrates good reliability’®* and has been
validated against neuropathologic finding.****

Assessment of social activities

An activity-level scale was used to assess daily function and
social activity, in addition to cognitive function. Various scales
for evaluating the level of activity in the general population
have been devised and are currently being used. Activity-lev-
el measures such as Quick Physical Activity Rating, Saltin-
Grimby Physical Activity Level Scale, Physical Activity Scale
for the Elderly are used in research.””** However, the above
scales are helpful for the functionally normal population, and
there is a limit to their application to the older adults with cog-
nitive dysfunction who have limited activity due to deteriora-
tion of physical and cognitive functions or those who main-
tain minimal daily functions. There is a significant difference
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in the amount of activity and sedentary time of the elderly
with dementia compared to the general population.’®”’

Thus, in this study, we created a new scale that can be easi-
ly and quickly applied, although its validity and reliability
have not yet been verified. Activity level was based on the pa-
tients’ daily activity function, social activity participation, in-
terpersonal activity, and cognitive function intervention. We
classified the patients based on their medical records and the
level of social activity domains on the CDR scale, Korean-in-
strumental activities of daily living, and Barthel activities of
daily living. The activity domains were rated on a scale of 1-5
points (1=voluntary and active, 2=not active but voluntarily
maintained, 3=limited or only maintained with assistance,
4=extremely limited or minimal with assistance, and 5=un-
able with or without assistance).

Sociodemographic characteristics as covariates

We reviewed the patients” charts with complete medical re-
cords, including age, sex, education year, cognitive interven-
tion, and geriatric depression scale (GDS) score. Cognitive in-
terventions included cognitive training, cognitive stimulation,
and cognitive rehabilitation at home or in community care.

The Korean version of the short form of the geriatric depression
scale

The Korean version of the short form of the geriatric de-
pression scale (SGDS-K) was used to screen and assess the
severity of depression. This is a 15-item self-report with a

range of scores from 0-15.%%

Analyses

The interaction effect between the groups (CDR main-
tained/improved and deteriorated groups) and period was
analyzed using survival analysis. Variables were analyzed us-
ing the Cox proportional hazards model for survival analysis.
These models applied the step-forward method and tested
whether specific variables (i.e., activity level scores, neuro-
psychological test scores, and demographic factors) affected
the time leading to a specific outcome with CDR score dete-
rioration. We performed a two-way ANOVA to compare how
the changes in CDR differed according to two independent
variables: the CDR-GS deteriorated group and clinical assess-
ments before and after the COVID-19 pandemic. Indepen-
dent and paired t-tests were conducted to understand the in-
teraction effect in detail. Statistical analyses were performed
using IBM SPSS version 22.0 for Windows (IBM Corp., Ar-
monk, NY, USA). For all tests, the level of significance was
set at p<0.05.
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RESULTS

Demographic characteristics

This study included 108 participants (40 male and 68 fe-
male) who had their cognitive function and level of activity
assessed three times or more within 5 years, including those
performed before and after the COVID-19 pandemic. The
mean and standard deviation of the participants’ age and years
of education were 70.78+10.46 years and 7.32+5.29 years, re-
spectively. Twenty-three participants (21.3%) continued cog-
nitive intervention, while 85 (78.1%) withdrew from or did
not receive intervention (Table 1).

Changes in CDR and correlation with the time when
tests were implemented

When the maintained/improved (n=68) and deteriorated
(n=40) groups were classified based on the changes in the
CDR-GS during the study period, there was no significant dif-
ference observed between the sociodemographic variables,
and depression scale scores between the two groups (Table 2).

Table 1. Demographic characteristics

Characteristic Value

Age (yr) 70.78+10.46
Gender

Male 40 (37.0)

Female 68 (63.0)
Education (yr) 7.32+5.29
Cognitive intervention

Yes 23(21.3)

No 85 (78.7)

Values are presented as meantstandard deviation or number (%)

Table 2. Influence of demographic characteristics on the deterio-
ration of CDR

Characteristic Maintained/ Deteriorated torx’
improved (N=68) (N=40)
Age (yr) 69.46+10.71 73.03£9.74 -1.728
Gender 0.113
Male 26 (38.24) 14 (35.00)
Female 42 (61.76) 26 (65.00)
Education (yr) 7.15%5.00 7.60+5.80 -0.424
Cognitive intervention 1.459
Yes 12 (17.65) 11 (27.50)
No 56 (82.35) 29 (72.50)
SGDS-K 7.03£5.02 8.30+£5.48 -0.870

Values are presented as meantstandard deviation or number (%).
All comparisons were not different significantly. CDR, clinical de-
mentia rating; SGDS-K, Korean version of the short form of the
geriatric depression scale
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In this study, we investigated the CDR changes by dividing
the examination period of each patient. The total number of
trials in the CDR maintained/improved and deteriorated groups
were 5.13 and 5.30, respectively (Table 3). The initial screen-
ing was classified as the 1st trial, the test immediately before
the COVID-19 pandemic outbreak as the 2nd trial, and the
most recent test after the outbreak as the 3rd trial. Table 3
shows the K-MMSE mean values, CDR-GS distribution, and
CDR-SOB distribution for each trial.

In the administered period, the average trial interval be-
tween the 1st trial and the 2nd trial was significantly shorter
in the CDR-deteriorated group than in the maintained/im-
proved group (p<0.01). In both CDR-GS and SOB, the range
of the CDR distribution in the deteriorated group was signif-
icantly different from that in the maintained/improved group
in the 3rd trial (Table 3).

When comparing CDR changes before and after COVID-19,
there was no significant difference between the two groups
(p=0.317). Alternatively, the main effect of the time when the
test was conducted was significant (p<0.001). There was also
a significant difference in the interaction between the groups
and time (p<0.001) (Table 4). There was no significant differ-
ence between the two tests before the COVID-19 outbreak.
However, tests immediately before COVID-19 (2nd trial) and
after COVID-19 (3rd trial) reflected results with a significant
difference (Figure 2).

When the effect of the interaction was analyzed, the CDR
score of the maintained/improved group significantly de-
creased before COVID-19 (1st-2nd) (p=0.045). After COV-
ID-19 (2nd-3rd), the CDR score of the deteriorated group
was significantly higher than that of the maintained/improved
group (p<0.001) (Table 5). Therefore, we attempted to identi-
fy the factors related to the COVID-19 pandemic that might
affect dementia deterioration.

The variables related to cognitive deterioration

Survival analysis was performed as a CDR deterioration
event. MMSE recall memory and changes in activity in CO-
VID-19 were significantly associated with CDR deterioration
(Table 6). Therefore, a higher memory recall score was asso-
ciated with a lower risk of CDR deterioration, and those who
maintained their activity level during the COVID-19 pan-
demic had a lower risk than those who did not. Similar results
were observed when evaluated for the effect of time.

The effect of activity changes due to COVID-19
on dementia deterioration

Furthermore, the effect of changes in activity on the deteri-
oration of dementia symptoms was analyzed (Table 7). Cox
regression analysis of the changes in activity showed the same



Table 3. Results of tests performed in the CDR maintained/im-
proved and deteriorated group

Maintained/ .
improved Deteriorated tor X’
improve: r
N=40
(N=68) ( )
Total number of trials ~ 5.13+2.12 5.30+2.67 -0.360

Administered period
Ist-2nd (days)
2nd-3rd (days)

488.78+188.72 373.08+185.83  3.107"
396.09+129.36  416.83%£153.39  -0.750

CDR-GS
Ist 7.273
0 0 (0.00) 3(7.50)
0.5 4(5.88) 5 (12.50)
1 38 (55.88) 22 (55.00)
2 20 (29.41) 7 (17.50)
3 6(8.82) 3(7.50)
4 0 (0.00) 0 (0.00)
5 0 (0.00) 0 (0.00)
2nd 6.766
0 0 (0.00) 2 (5.00)
0.5 4(5.88) 4(10.00)
1 41 (60.29) 18 (45.00)
2 18 (26.47) 13 (32.50)
3 5(7.35) 2 (5.00)
4 0 (0.00) 0 (0.00)
5 0 (0.00) 1(2.50)
3rd 16.187
0 0(0.00) 0(0.00)
0.5 6(8.82) 1(2.50)
1 39 (57.35) 10 (25.00)
2 19 (27.94) 21 (52.50)
3 4(5.88) 7 (17.50)
4 0 (0.00) 0 (0.00)
5 0 (0.00) 1(2.50)
CDR-SOB 22.362
1st
1.0 2(3.0) 0(0.0)
1.5 0(0.0) 1(27)
2.0 2(3.0) 1(2.7)
25 0(0.0) 2(5.4)
3.0 0(0.0) 2(5.4)
4.0 1(1.5) 0(0.0)
4.5 7 (10.6) 2(5.4)
5.0 17 (25.8) 7(18.9)
55 4(6.1) 4(10.8)
6.0 4(6.1) 3(8.1)
6.5 1(1.5) 2(5.4)
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Table 3. Results of tests performed in the CDR maintained/im-
proved and deteriorated group (continued)

Maintained/ .
improved De(tgi(;r(;)i)ted tor X
(N=68)
7.0 1(1.5) 1(2.7)
7.5 1(1.5) 0(0.0)
8.0 1(1.5) 1(2.7)
8.5 1(1.5) 0(0.0)
10.0 6(9.1) 3(8.1)
10.5 1(1.5) 0(0.0)
11.0 5(7.6) 1(2.7)
12.0 1(1.5) 3(8.1)
13.0 3(4.5) 1(2.7)
14.0 2(3.0) 0(0.0)
16.0 2(3.0) 0(0.0)
17.0 2(3.0) 12.7)
18.0 1(1.5) 1(2.7)
20.0 1(1.5) 1(2.7)
2nd 34451
1.5 2(2.9) 0(0.0)
2.0 2(2.9) 2(5.1)
3.0 0(0.0) 2(5.1)
4.0 3(44) 1(2.6)
45 4(59) 4(10.3)
5.0 16 (23.5) 3(7.7)
55 3(4.4) 4(10.3)
6.0 8 (11.8) 2(5.1)
6.5 1(1.5) 0(0.0)
7.0 3(4.4) 0(0.0)
8.0 4(5.9) 3(7.7)
8.5 0(0.0) 1(2.6)
9.0 2(2.9) 3(7.7)
9.5 0(0.0) 3(7.7)
10.0 7(10.3) 3(7.7)
11.0 0(0.0) 2(5.1)
12.0 3(44) 2(5.1)
13.0 1(1.5) 1(2.6)
14.0 4(5.9) 0(0.0)
16.0 1(1.5) 1(2.6)
17.0 0(0.0) 1(2.6)
18.0 1(1.5) 0(0.0)
20.0 3(4.4) 0(0.0)
28.0 0(0.0) 1(2.6)
3rd 39.406*
1.5 2(2.9) 0(0.0)
2.0 3(4.4) 1(2.5)
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Table 3. Results of tests performed in the CDR maintained/im-
proved and deteriorated group (continued)

Maintained/ .
improved De(tgi(;?)ted tor X
(N=68)
25 1(1.5) 0(0.0)
4.0 3(44) 0(0.0)
4.5 3(44) 0(0.0)
5.0 15(22.1) 1(2.5)
55 9(13.2) 6 (15.0)
6.0 6(8.8) 2(5.0)
6.5 1(1.5) 0(0.0)
7.0 1(1.5) 1(2.5)
8.0 1(1.5) 0(0.0)
9.0 1(15) 0(0.0)
10.0 5(7.4) 10 (25.0)
11.0 2(2.9) 6 (15.0)
12.0 5(7.4) 3(7.5)
13.0 3(4.4) 1(25)
14.0 3(44) 1(2.5)
16.0 0(0.0) 3(7.5)
17.0 1(1.5) 1(2.5)
18.0 0(0.0) 3(7.5)
19.0 1(1.5) 0(0.0)
20.0 2(2.9) 0(0.0)
28.0 0(0.0) 1(2.5)

Values are presented as meanztstandard deviation or number (%).
*p<0.05; Tp<0.01. CDR-GS, clinical dementia rating—global score;
CDR-SOB, clinical dementia rating-sum of boxes; 1st, initial
screening test; 2nd, test immediately before the coronavirus dis-
ease 2019 (COVID-19) pandemic outbreak; 3rd, most recent test
after the COVID-19 outbreak

associations between CDR and activity. Participants with de-
creased activity showed a shorter time to deteriorating CDR-
GS and CDR-SOB scores than those with maintained activity
(Figures 3 and 4).

DISCUSSION

We investigated the characteristics of changes in cognitive
function and related factors in individuals with cognitive im-
pairment during the COVID-19 pandemic in a specific met-
ropolitan city. The COVID-19 pandemic has had a significant
impact on cognitive function in individuals with cognitive
impairment, particularly subjects with memory recall im-
pairment or decreased activity at high risk.

The COVID-19 era has certainly brought about several
drastic changes in the global population.”® Among them, it
has resulted in significant clinical changes in individuals with
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Table 4. Difference between CDR changes before and after CO-
VID-19

Maintained/ .
. Deteriorated p p p
improved (N=40) (group) (time) (groupXtime)
I1st  1.44+0.69 1.19+0.75
2nd  1.38+0.66 1.43+0.92 0.317 <0.001 <0.001
3rd  1.35+0.65 2.00£0.85

Values are presented as meantstandard deviation. CDR, clinical
dementia rating; COVID-19, coronavirus disease 2019; 1st, initial
screening test; 2nd, test immediately before the COVID-19 pan-
demic outbreak; 3rd, most recent test after the COVID-19 out-
break

COVID-19

(after 2020.01.)
2.00 '
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Figure 2. Changes in participants of CDR maintained/improved
group and deteriorated group. CDR—global scores significantly in-
creased between 2nd trial and 3rd trial in the CDR deteriorated
group. CDR, clinical dementia rating; COVID-19, coronavirus dis-
ease 2019; GS, global score.

cognitive impairment.” Social distancing measures are a way
to protect older people from COVID-19, but consistent re-
sults reported during the pandemic are that they are associ-
ated with a higher rate of neuropsychiatric symptoms due to
reduced physical and social activity and isolation.***! In addi-
tion, a high rate of abandoned previous daily activities, cog-
nitive worsening reported by relatives/caretakers, delirium
episodes, and increased incidence of falls have been reported
in COVID-19,” which are known to be associated with wors-
ening dementia.*** It can also increase the risk of social bur-
den, management difficulties, medication prescriptions, and
other complications that accompany cognitive decline.
Although the clinical symptoms of cognitive disorders per-
sist and worsen over time due to the course of the disease, this
study showed that cognitive decline significantly accelerated
after the COVID-19 pandemic outbreak compared with pre-
vious evaluations in the same participants before the COV-
ID-19 outbreak. There was no difference in demographic fac-
tors between the participants with and without cognitive
deterioration. There was also no significant difference in GDS
scores, which could affect cognitive decline and needs to be



differentiated.

In the administered period, the average trial interval be-
tween the initial screening (1st trial) and the test immediate-
ly before the COVID-19 pandemic outbreak (2nd trial) was
significantly shorter in the CDR-deteriorated group than in
the maintained/improved group (p<0.01). In the case of the
deteriorated group, various factors in the clinical setting, such
as anxiety or requests of patients and caregivers, and concerns
of clinicians led to more frequent examinations.

When comparing CDR changes before and after COV-
ID-19, there was no difference between the two tests before
COVID-19 (p=0.433), but tests immediately before COV-
ID-19 (2nd trial) and after COVID-19 (3rd trial) showed a
significant difference (p<0.001). The interaction effect of the
group and time of test implemented confirmed a significant
decrease in the CDR between the 1st and 2nd tests of the
maintained/improved group and a significant increase in the
CDR between the 2nd and 3rd tests of the deteriorated group.
These results suggest that the outbreak of the COVID-19 pan-
demic is directly or indirectly related to the deterioration of
cognitive function in individuals with cognitive impairment.

Considering the variables affecting CDR deterioration re-
vealed through further analysis, it can be noted that environ-
mental factors, that is, changes in activities due to COVID-19,
may be one of the related factors. Previous studies have shown
that memory impairment,’**” Alzheimer disease diagnosis,*
basic activities of daily living dependencies* and other psy-

5052 are known factors related to the

chological symptoms
rapid progression of dementia. Identifying individuals with

rapid cognitive decline and its affecting factors is important

Table 5. Interaction effect analysis

Maintained/ Deteriorated  Independent
improved (N=68) (N=40) t-test

1st 1.44+0.69 1.19+0.75 1.790
2nd 1.38+0.66 1.43+0.92 -0.280
3rd 1.35+0.65 2.00+0.85 -4.2007
Paired t-test

Ist-2nd 2.046* -1.439

2nd-3rd 1.654 -5.359%

Values are presented as meanztstandard deviation. *p<0.05; Tp<0.01.
1st, initial screening test; 2nd, test immediately before the corona-
virus disease 2019 (COVID-19) pandemic outbreak; 3rd, most re-
cent test after the COVID-19 outbreak

JH Choi et al.

because it has worse functional outcomes™ and is associated
with higher mortality.** The fact that COVID-19 contribut-
ed to changes in activity has been consistently reported in
previous studies.”>” A notable decline in activity was con-
firmed with quarantine based on social distancing.'*** Our
study revealed an association between changes in an individ-
ual’s activity level and cognitive change due to environmental
changes caused by large-scale infectious diseases.

In particular, we can consider the limitations of several ap-
proaches for managing cognitively impaired individuals.***
The Dementia National Responsibility System in our country
provides various services for individuals with cognitive im-
pairment. However, owing to the spread of COVID-19, the
operation of the program has been suspended or reduced,
and the number of patients using these services has also de-
creased. In fact, compared to 2019, the number of dementia
screening tests decreased by 56.4% from 1,803,474 to 786,389
in 2020, and the number of people who use the intervention
centers for dementia also decreased by 16.8% from 8,491 to
7,065. In light of the fact that the rate of cognitive function
deterioration was slower in the group that continued activity
in this study, changes in cognitive intervention treatment and
program operation may have influenced on the cognitive
changes of elderly subjects.

Decreased recall memory is also related to the deterioration
of clinical cognitive impairment. Memory function is the main

ability to maintain daily functions®*

and memory difficul-
ties adversely affect the quality of life and the independence
of older adults.**" In particular, decreased recall memory is
highly correlated with impairment of hippocampal consolida-
tion function.®® It is known that the early damaged brain re-
gion in Alzheimer’s disease is the medial temporal region, in-
cluding the hippocampus,***
functional brain imaging have shown that volume differences

and studies using structural and

and inactivation in theses area in Alzheimer’s disease com-

Table 7. Correlations between the changes in activity and the de-
gree of changes in cognitive functions

Standard
Ch in activi B HR
ange in activity error p
CDR-GS -0.656 0.273 <0.05 0.519
CDR-SOB -0.884 0.355 <0.05 0.413

HR, hazard ratio; CDR-GS, clinical dementia rating—global score;
CDR-SOB, clinical dementia rating-sum of boxes

Table 6. Verification of the cognitive variables related to CDR score deterioration using step-forward method of Cox regression

Variable B Standard error Wald HR 95% CI
Recall -0.393 0.137 8.171 0.675" 0.516-0.884
Changes of activity in COVID-19 -0.454 0.181 6.295 0.635* 0.445-0.905

*p<0.05; Tp<0.01. HR, hazard ratio; CI, confidence interval; COVID-19, coronavirus disease 2019
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Figure 3. Correlations between the decrease in the activity and the
degree of deterioration in clinical dementia rating—global score.
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Figure 4. Correlations between the decrease in the activity and
the degree of deterioration in clinical dementia rating-sum of boxes
score.

pared to the general population.®® The decline in recall mem-
ory function is not only a factor related to dementia progres-
sion in mild cognitive impairment™ but also related to rapid
cognitive decline in dementia patients.**"” In this study, there
was a significant impairment in recall memory function in
the CDR-deteriorated group compared to the maintained/
improved group. This demonstrates the importance of prop-
er memory function evaluation during the disease course, as
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well as the usefulness and potential for developing a manage-
ment model for cognitive decline.

There are several limitations in this study. As this study was
conducted on patients who continuously visited the hospital
in a specific area, it could not be possible that the results rep-
resent the general population. And since this study is a retro-
spective study, it has limitations inevitable. Nonetheless, we
explored the effects of COVID-19 through long-term track-
ing of patients with cognitive impairment, which could be
verified through a comprehensive neuropsychological test. To
make this more clearer, we only extracted subjects who had 3
or more test results, including before and after COVID-19.
Since this includes two tests before COVID-19, we've been
trying to determine the impact of COVID-19. Additionally; it
is suggested that a comprehensive and meticulous evaluation
can help identify the deterioration of cognitive function and
take preventive measures in individuals complaining their
cognitive function. In addition, although it is not a validated
scale, we tried to measure the activity level. It showed that in-
terventions such as maintaining physical activity, performing
daily activities, participating in social work, and cognitive in-
tervention are necessary for individuals with cognitive im-
pairment during even the pandemic. Based on these results,
novel methods and alternatives are needed for the manage-
ment and control of cognitive impairment.”"”> Due to the pan-
demic as well as environmental changes and media develop-
ment, there has been an increasing interest in the importance

and effectiveness of non-pharmacological interventions’”*

that can be delivered at home,”®”®

or using small portable de-
vices.”*** Therefore, further studies are needed to recognize
the link between factors leading to changes in physical and
social activity that may help in the prevention and manage-
ment of cognitive impairment. In other words, the findings of
this study showed that the concerns raised about this group
at risk during and after the COVID-19 pandemic are justified,
and that individuals with cognitive impairment require more
attention.

In conclusions, this study found a significant difference in
cognitive function changes before and after the COVID-19
pandemic. Our results suggest that memory dysfunction and
decreased activity during the COVID-19 period are strongly
related to the deterioration of cognitive impairment.
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