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Abstract.
Background: Prolonged periods of social deprivation, such as COVID-19-related lockdowns, are associated with deleterious
effects on cognitive functions.
Objective: The aim of this study was to gauge the effect of prolonged social isolation on the cognitive function of older
adults with neurocognitive disorders.
Methods: We recruited 125 older adults with minor or major neurocognitive disorders divided into two groups. The control
group was tested at the first period of the study (October 2018–May 2019), whereas the experimental group was evalu-
ated at the second chronological period of the study (October 2020–May 2021) during the second wave of COVID-19.
Neuropsychological tests were performed at baseline and six months after baseline.
Results: In the control group, significant changes in the scores from the Montreal Cognitive Assessment (MoCA; p = 0.049)
and the Functional Rating Scale for Symptoms of Dementia (FRSSD; p = 0.005) were found between baseline and follow-
up assessments, whereas no changes were identified in Mini-Mental State Examination (MMSE; p = 0.229) and Geriatric
Depression Scale (GDS; p = 0.619) scores. In the experimental group, the scores from all neuropsychological tests (MoCA,
MMSE, GDS, and FRSSD; p < 0.001 for all) were significantly different at follow-up when compared with those at base-
line measurements. Moreover, significant deterioration of specific functions assessed in MMSE and FRSSD was detected,
especially in the experimental group.
Conclusion: This study highlights cognitive functions directly affected by social deprivation of individuals with neurocog-
nitive disorders. The findings can be used in the rehabilitation from confinement and its negative consequences.

Keywords: Cognitive functions, COVID-19, emotional status, neurocognitive disorders

INTRODUCTION

Data provided by the World Health Organization
(WHO) indicate that older people and people with
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underlying medical conditions are at higher risk for
severe coronavirus disease of 2019 (COVID-19) [1].
A recent large-scale study shows that patients with
dementia have a higher risk of developing COVID-
19 than the elderly without dementia. There are
several causal factors that may explain the higher
risks, including cognitive impairments that prevent
the understanding of precautionary procedures and
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an inability to follow self-quarantine measures [2].
In addition, patients with dementia have a signifi-
cantly increased risk of more serious complications
of COVID-19, a finding provided by a cohort study
in United Kingdom (UK) [3]. The risk factors for
dementia, such as age, obesity, cardiovascular dis-
ease, hypertension, and diabetes mellitus are also risk
factors for severe acute respiratory syndrome coron-
avirus 2 infection (SARS-CoV-2) [4] and for severe
COVID-19. Lastly, pre-existing brain pathology can
increase the risk of manifesting neurological com-
plications from COVID-19 [5]. Thus, people with
neurocognitive disorders are especially vulnerable to
COVID-19, as well as to its immediate and long-term
complications.

Since the outbreak of the disease, lockdown mea-
sures have been a common preventive strategy to slow
down the transmission of SARS-CoV-2 worldwide.
Strict lockdowns, however, had a great impact on the
psychosocial health of individuals. Prolonged peri-
ods of lockdown result in stress and social isolation,
which is associated with manifestation of neuropsy-
chiatric symptoms, even in cognitively healthy older
adults [6]. An increase in the prevalence of negative
symptoms associated with anxiety and depression has
motivated governments to adopt policies aimed at
protecting the mental health of its citizens. In this sce-
nario, older adults with dementia require additional
attention, since social isolation contributes to the
appearance and gradual deterioration of neuropsy-
chiatric symptoms and severe behavioral disturbance.
Indeed, the pandemic further aggravates the vulnera-
bility of individuals with cognitive impairment, espe-
cially those who need daily care [7]. To address this
issue, the WHO has provided supporting information
on how to deal with patients with dementia during
the pandemic [8]. The preexisting neurophysiologi-
cal alterations may put patients with dementia at an
increased risk of various neurological complications,
including a decline in cognitive functions, which
may be irreversible [2]. Still, research in the field of
dementia warrants further studies to verify the impact
of COVID-19 lockdown on the brain and cognition.

The aim of the present study was to gauge the effect
of prolonged social isolation on the cognitive function
of older adults with minor neurocognitive disorders
or dementia. To do so, we assessed the cognitive func-
tion of older patients with neurocognitive disorders
before and after a period of strict lockdown and com-
pared the outcome with that of older patients assessed
during a period of no social deprivation before the
pandemic.

METHODS

Participants

The study included 125 participants who vis-
ited the outpatient dementia clinic of the Neurology
Department of University Hospital of Alexandroupo-
lis in Greece and examined as a part of their routine
clinical and neuropsychological assessment. This
academic outpatient center is a medical reference
in the city, and most appointments come from pri-
mary care referrals across the city, as well as from
rural districts in northern-eastern Greece. All partic-
ipants signed an informed consent form prior to their
participation. Approval was also obtained from the
caregivers and/or a legal representative. The study
was approved by the Ethics Committee of the Uni-
versity Hospital of Alexandroupolis.

The recruitment process in this community-based
cohort study covered two different periods. The first
was between October 2018 and May 2019 (for the
control group) and the second was from October 2020
to May 2021 (for the experimental group). The lat-
ter period corresponds to the second strict lockdown
in Greece. For each group (control or experimental),
patients were classified into two subgroups: 1) peo-
ple with dementia and 2) people with mild cognitive
impairment (MCI). Patients in the control group were
assessed during the first period (October 2018–May
2019) and classified (MCI or dementia) based on
the Diagnostic and Statistical Manual of Mental Dis-
orders, fifth edition (DSM-5). Participants in the
experimental group were assessed during the second
period (October 2020–May 2021) and were divided
into two groups (MCI or dementia) based on the
diagnostic criteria of the DSM-5.This last period cor-
responds to the second wave of COVID-19; people in
this group were tested before the confinement and had
a follow-up evaluation at the end of the confinement
period. All participants underwent a battery of neu-
ropsychological tests at baseline and after six months,
conducted by the same health professionals. The eval-
uation comprised of biographical information and
medical data regarding any medical data collected,
including any previous medical diagnosis, such as
history of cardiovascular, metabolic, neurological,
and affective disorders. All participants underwent
neurological examination, neuropsychological and
neuroimaging assessments, as well specific biochem-
ical and hematological exams. All diagnoses were
determined by a team of experienced physicians
specialized in cognitive disorders. The diagnostic



A. Tsiakiri et al. / Cognitive, Functional, and Emotional Changes During the COVID-19 Pandemic 539

Table 1
The cut-off points determination

Scales Cut-off points

GDS No depression: 0–5 Mild depression: 6–10 Severe depression: >10
MoCA MCI: 30 till 25 <25
MMSE MCI: Score under 26 till 30 Dementia mild: 21–25 Dementia Severe: 0–20
FRSSD 0–5 Low functionality: >5

GDS, Geriatric Depression Scale; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State
Examination; FRSSD, Functional Rating Scale for Symptoms of Dementia.

protocol of the Outpatient Dementia Clinic includes
neurological and neuropsychological assessments,
neuroimaging (CT scan or magnetic resonance imag-
ing) and blood tests to exclude other types of
reversible cognitive impairment or dementia. The
neuropsychological assessment consists of psycho-
metric tools that measure cognitive, functional, and
emotional abilities. Before neuropsychological test-
ing, we conducted a semi-structured interview first
with patients and then with caregivers to gather infor-
mation about the pre-disease history, the estimated
duration of the disease, the onset of symptoms, the
main symptoms of dysfunction in the first years of the
disease, potential changes in behavior, relationship
functionality, mobilization, motivation, interests, and
pursuits.

Inclusion and exclusion criteria

The main inclusion criterion was to be diagnosed
with MCI or dementia of any etiology, according to
DSM-5 guidelines for mild and major neurocogni-
tive disorders. To be diagnosed with MCI, patients
had to show a noticeable decline in cognitive func-
tioning, which is supported by Mini-Mental State
Examination (MMSE) score ≥26 and Montreal Cog-
nitive Assessment (MoCA) score ≥26. Additionally,
individuals with MCI are autonomous and perform
daily activities independently. Individuals with major
neurocognitive disorders show a greater decline in
overall cognitive functions, identified by a MMSE
score < 24, as well as the ability to independently
meet the demands of daily living, documented by
caregivers/family [9]. All forms of dementia were
included: 1) Alzheimer’s disease, 2) dementia with
Lewy bodies, 3) frontotemporal dementia, and 4) vas-
cular dementia.

The exclusion criteria were: 1) inability or unwill-
ingness on the part of the patient or caregiver to come
to the hospital; 2) previous head trauma resulting in
unconsciousness; 3) a history of alcohol or substance
abuse; 4) current radiotherapy or chemotherapy; 5)
major depression or other major psychiatric disor-

der; 6) unstable medical illness; and 7) uncorrected
visual or hearing impairment. None of the partici-
pants had received a laboratory-confirmed diagnosis
of SARS-CoV-2 infection.

Mental function assessments

We used the Greek version of the MMSE [10, 11]
and the official Greek translation of the MoCA test
[12] for detecting cognitive dysfunction. Emotional
status was assessed with the Geriatric Depression
Scale (GDS) [13], while the Functional Rating Scale
for Symptoms of Dementia (FRSSD) [14] was used to
assess from the caregiver’s perspective, the patient’s
ability to carry out routine tasks and identify the func-
tional difficulties in everyday living.

Data analysis

Data analysis was performed using the open source
statistical processing program PSPP v.1.4.0. A Bar-
lett’s test (p < 0.05) and a sample adequacy test were
concurrently conducted with data collection and a
reliability analysis was performed using Cronbach’s
alpha method (� > 0.05).

The scores from the tests (MoCA, MMSE, GDS,
and FRSSD) were categorized according to refer-
ence cutoff scores (Table 1). Using a non-parametric
design, samples were first split according to group
(control versus experimental) and then compared
based on diagnosis variable (MCI versus demen-
tia) or first split according to diagnosis (MCI versus
dementia) and then compared based on group variable
(control versus experimental).

Statistically significant differences between
datasets were identified by using the Wilcoxon
signed-rank test to compare pairs of datasets and
the Wilcoxon rank-sum test to compare the datasets
with different sample sizes. The significance level is
considered at 5% (p < 0.05).

Considering “0” as the first moment of the patient’s
assessment and “1” as the second assessment (6
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Table 2
Demographics in MCI and dementia patients

Gender Males / Females MCI Males: 8 | 14.5% Females: 26 | 47.3%

Dementia 10 | 18.2% 11 | 20.0%
Age ctg <70 / ≥70 MCI 12 | 21.8% 22 | 40.0%
Dementia 2 | 3.6% 19 | 34.5%
Educ ctg until 6 y MCI Until 6 y: Until 6 y: >12 y:

until 12 y 13 | 23.6% 8 | 14.5% 13 | 23.6%
>12 y

Table 3
Mean and standard deviation (SD) of psychometric parameters at the initial and follow-up assessments. The statistical differences (p-values)

were obtained for the control and the experimental groups

psychometric Control group Experimental group Assessment
parameters (Oct. 2018 - May 2019) (Oct. 2020 – May 2021) differences

Initial Follow up p Initial Follow up p (p)
assessments assessments

MoCA 22.4 (4.2) 22.1 (4.2) 0.049 22.6 (5.1) 20.4 (6.7) <0.001 <0.001
MMSE 25.1 (3.4) 25.3 (3.5) 0.229 25.1 (4.9) 22.5 (5.7) <0.001 <0.001
GDS 3.1 (2.8) 3.2 (2.7) 0.619 5.4 (4.2) 6.9 (3.7) <0.001 <0.001
FRSSD 7.0 (5.1) 7.8 (5.8) 0.005 6.7 (6.5) 9.8 (6.7) <0.001 <0.001

MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; FRSSD, Functional
Rating Scale for Symptoms of Dementia.

months later). The score from the fist measurement
was subtracted from that of the second measurement.
Chi-squared tests were used to compare the scores
of patients with dementia with those of patients with
MCI within each group separately (control or exper-
imental) and to compare the scores of patients in the
control group (pre-pandemic) with those of patients
in the experimental group (during the pandemic)
within each diagnosis separately (MCI or dementia).
Kruskal Wallis tests were used to make multiple com-
parisons between diagnosis groups and scales were
applied. Regression analyses were used for diagnosis
prediction, considering the first group was the con-
trol group and the second group was defined as the
experimental group.

RESULTS

Among the 125 participants, 70 composed the con-
trol group, with 36 subjects diagnosed with MCI
and 34 subjects diagnosed with dementia. In the
experimental group, 55 participants were recruited,
of which 34 were diagnosed with MCI and 21 diag-
nosed with dementia. Four psychometric parameters
(MoCA, MMSE, GDS, and FRSSD scores) were used
to compare groups with each other. The years of edu-
cation ranged from 0 to 17 years (SD = 3.898) for the
whole cohort (Table 2).

Differences between patients with dementia and
individuals with MCI

In people older than 70 years, dementia was 70%
more common than MCI. No significant differences
were found between the two groups in terms of gen-
der frequency (χ2 = 0.46, p = 0.5), and age (χ2 = 1.51,
p = 0.22). However there was a statistically signif-
icant difference in years of education between the
two groups (χ2 = 6.83, p = 0.03) revealing that older
adults with dementia were less educated than those
with MCI (Table 2). Among those with less than
6 years of education, dementia was more common
than MCI (Table 2). Full demographic information is
presented in Table 2.

Comparisons between control and experimental
groups

Table 3 presents descriptive statistics of the psy-
chometric parameters at the initial and the follow-up
assessments for the control and experimental groups.
In the experimental group, the MoCA (p = 0.049)
and FRSSD (p = 0.005) scores at the initial assess-
ment parameters, whereas GDS (p = 0.229) and
MMSE (p = o.619) scores did not change signifi-
cantly. Assessment differences between control and
experimental group were statistically significant for
all parameters (p < 0.001). This is demonstrated in
the distribution of cognitive (MMSE), functional
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Table 4
Mean and standard deviation (SD) of psychometric parameters at the initial and follow-up assessments. The statistical differences (p-values)

were obtained within the control and experimental group, for the MCI and dementia diagnosis

psychometric Control group Experimental group Assessment
parameters (Oct. 2018 - May 2019) (Oct. 2020 – May 2021) differences

Initial Follow up p Initial Follow up p (p)
assessments assessments

MCI
MoCA 25.6 (1.0) 25.3 (1.0) 0.021 25.1 (1.9) 24.4 (3.3) 0.269 <0.001
MMSE 28.0 (1.2) 28.0 (1.4) 0.809 27.8 (1.4) 25.9 (1.2) <0.001 <0.001
GDS 3.4 (3.0) 3.3 (2.7) 0.638 2.7 (1.9) 4.8 (1.1) <0.001 <0.001
FRSSD 4.1 (3.4) 4.5 (3.6) 0.054 3.9 (1.6) 6.5 (1.6) <0.001 <0.001
Dementia
MoCA 18.9 (3.4) 18.7 (3.6) 0.388 18.4 (5.9) 14.0 (5.7) <0.001 <0.001
MMSE 22.1 (2.3) 22.5 (2.7) 0.225 20.6 (5.3) 17.0 (5.9) <0.001 <0.001
GDS 2.8 (2.6) 3.0 (2.7) 0.284 9.8 (3.3) 10.3 (4.0) 0.084 0.516
FRSSD 10.0 (4.8) 11.2 (5.7) 0.034 11.2 (8.7) 15.1 (8.4) <0.001 <0.001

MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; FRSSD, Functional
Rating Scale for Symptoms of Dementia.

(FRSSD), and emotional (GDS) scores of patients
in the two groups (Fig. 4A).

Table 4 presents the descriptive statistics of the
psychometric parameters at the initial and follow-
up assessments for both control and experimental
groups further divided into MCI and dementia sub-
group. In the control group, there were no statistically
significant differences between initial and follow-
up assessments in individuals with MCI (MMSE;
p = 0.809, GDS; p = 0.638, FRSSD; p = 0.054), with
the exception of MoCA score (p = 0.021). For those
with dementia no statistically significant difference
was detected (MoCA: p = 0.388, MMSE: p = 0.225,
GDS: p = 0.284) with the exception of FRSSD
(p = 0.034), in the control group. In the experimen-
tal group, statistically significantly differences were
found for all parameters in individuals with MCI
(p < 0.001). In the cases of patients with demen-
tia, differences between control and experimental
group were statistically significant for all param-
eters (p < 0.001), with the exception of the GDS
(p = 0.516). This is demonstrated in Fig. 4B, where
the distribution of cognitive (MMSE), functional
(FRSSD), and emotional (GDS) scores of the two
groups is presented.

Comparison between initial and follow-up scores

Comparisons between initial and follow-up tests
revealed significant differences in MoCA scores in
patients with dementia, MMSE scores in individuals
with MCI or dementia, GDS score in individuals with
MCI, and FRSSD scores in individuals with MCI or
dementia (Fig. 1).

Fig. 1. Mean difference “initial versus follow-up”, per group, per
Diagnosis for the scales Montreal Cognitive Assessment (MOCA),
Mini-Mental State Examination (MMSE), Geriatric Depression
Scale (GDS), and Functional Rating Scale for Symptoms of
Dementia (FRSSD).

As dementia progresses, a general decline in the
performance of patients in MMSE is expected. In
both control experimental group, functional decline
in orientation to time, recall, command execution,
and ability to write were observed. Orientation to
place, total orientation to space and time as well as
the ability to write and draw, were affected only in
the experimental group. In the control group, only
orientation in space and time, recall, ability to write
and follow a command changed in the period of six
months between the initial and the follow-up assess-
ment (Table 5, Fig. 2).

In the case of FRSSD scores, food intake, ability
to get dressed, continence, verbal communication,
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Fig. 2. Mean difference “initial versus follow-up”, per group, per
Diagnosis for the Mini-Mental State Examination subscales.

social responsiveness, emotionality, spatial orien-
tation, and memory for names were significantly
affected only in the experimental group (p < 0.05). In
the control group, no statistically significant change
was detected in these parameters. On the other

Fig. 3. Mean difference “initial versus follow-up”, per group,
per Diagnosis for the Functional Rating Scale for Symptoms of
Dementia subscales.

hand, memory for events, mental alertness hygiene,
grooming and sleep, changed significantly between
initial and follow-up assessments for both control and
experimental groups (p < 0.05) (Table 5; Fig. 3).

Table 5
Related sample Wilcoxon comparisons per group

Control Experimental
Z p sig. Z p sig.

Orientation time0 - Orientation time1 –1.97 0.049 ** –3.30 0.001 **
Orientation place0 - Orientation place1 –0.65 0.513 –2.89 0.004 **
Orient tot0 - Orient tot1 –1.13 0.258 –3.11 0.002 **
nam0 - nam1 –0.38 0.705 –1.41 0.157
Concentr0 - concentr1 –0.30 0.765 –3.04 0.002 **
recall0 - recall1 –1.90 0.058 * –2.21 0.027 **
nam0 - nam1 –2.84 0.005 ** –1.34 0.180
repet0 - repet1 –0.50 0.617 –0.30 0.763
command0 - command1 –1.73 0.083 * –2.14 0.033 **
undwrit0 - undwrit1 –1.63 0.102 * –1.73 0.083 *
writing0 - writing1 –1.34 0.180 –1.41 0.157
draw0 - draw1 –1.13 0.257 –2.45 0.014 **
ffood0 - ffood1 –1.41 0.157 –1.73 0.083 *
fdress0 - fdress1 0.00 0.99 –1.73 0.083 *
fakrat0 - fakrat1 –0.58 0.564 –1.73 0.083 *
ftalking0 - ftalking1 –0.53 0.593 –5.49 0.000 **
fsleep0 - fsleep1 –0.19 0.850 –1.41 0.157
fident0 - fident1 –2.71 0.007 ** –4.94 0.000 **
fwash0 - fwash1 –1.67 0.096 * –1.63 0.102 *
fidentnam0 - fidentnam1 –0.77 0.439 –5.58 0.000 **
fmem0 - fmem1 –1.85 0.065 * –5.75 0.000 **
fattent0 - fattent1 –2.45 0.014 ** –5.39 0.000 **
fconfus0 - fconfus1 –2.92 0.004 ** –2.24 0.025 **
forientplace0 - forientplace1 –0.38 0.705 –1.89 0.059 *
ffeeling0 - ffeeling1 –1.15 0.248 –5.26 0.000 **
fsocial0 - fsocial1 –1.44 0.151 –5.90 0.000 **

**p ≤ 0.05, *p ≤ 0.10.
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Fig. 4. Scatter diagram showing the distributions of cognitive
(MMSE), functional (FRSSD) and emotional (GDS) neuro-
physiological assessments (A) for the COVID and non-COVID
time-period and (B) for the MCI and dementia diagnosed partici-
pants within the COVID time-period.

DISCUSSION

In the current study we investigated the potential
effects of confinement during the second wave of
COVID-19 on cognitive, executive, and emotional
functions in Greek patients with neurocognitive dis-
orders. The main objective was to verify whether
patients had their cognitive function impairment
aggravated beyond the expected progression of
the neurocognitive disease by the social isolation
imposed by strict lockdowns. The average scores in
MMSE, MoCA, FRSSD, and GDS tests indicated
a cognitive decline beyond the expected in patients
assessed during the pandemic.

Cognitive skills were assessed using MoCA and
MMSE tests, but differences in their results were

observed. Scores from MoCA test presented a decline
in both control and experimental groups but revealed
more prominent changes in the experimental group
(i.e., COVID-19 group), confirming the higher sen-
sitivity of MoCA in detecting cognitive impairment
compared with other tests [15]. A decrease in MMSE
total scores was detected only in the experimental
group. Moreover, specific subscales of the MMSE,
such as orientation, concentration, recall, understand-
ing, and drawing ability were particularly affected in
COVID-19 group, especially in patients with major
neurocognitive disorders. These findings indicate that
confinement had a significant impact on cognitive
functioning of people with neurocognitive disorders.
Such impact appeared to be unrelated to the type
of cognitive disorder (MCI or dementia), age, sex,
and education. Previous studies, that also used objec-
tive neuropsychological measures, have highlighted
the impact of pandemic restrictions on cognitive
functioning [16–19]. These are further supported by
findings from studies that used self-reports of patients
and/or caregivers [20–26] and systematic reviews
[27, 28].

The interpretation of cognitive impairment during
quarantine may not be straightforward but multifac-
torial. Moreover, one cannot assert that it is transient,
and it will be improved at the end of the confine-
ment. However, an interpretive approach to the issue
is to focus on everyday lifestyle [17] and how much
the individual is involved in intellectual activities,
such as participation in cultural events, discussions,
and hobbies [29]. Stimulating everyday activities has
been found to protect patients with neurocognitive
disorders from deterioration of cognitive function-
ing [29–31]. Another causal explanation has been
proposed by Kolb [33], who describes the experience-
dependent plasticity as a process whereby neuron
connections can be modified by experience, high-
lighting the effect of ‘enriched experiences’. The idea
that both exercise and cognitive stimulation are fac-
tors that increase neuronal plasticity and resistance
to cell death precedes the evidence that environ-
mental enrichment may act directly to prevent or
slow the onset of Alzheimer’s disease [34]. More-
over, several studies have confirmed the negative
impact of social deprivation and the fear of infec-
tion on cognitive functions [16, 18, 22, 24, 26,
35]. Tech illiteracy in older people is an additional
obstacle to social interactions, as they do not fully
explore new technologies and virtual platforms to
communicate with others [36, 37]. Similar studies
reported a deterioration of specific cognitive domains
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during confinement, including memory and orien-
tation [18, 22] and attention and working memory
[38].

The use of the FRSSD allowed us to identify
significant declines in functional abilities in both con-
trol and experimental groups, which were related
to the severity of the neurocognitive disease. In the
experimental group there was deterioration in more
areas of functionality than in the control group,
confirming the negative effect of confinement indi-
viduals with neurocognitive disorders. This finding
is in line with previous studies [17, 18, 20, 22, 28]
and supports the importance of identifying patients’
deficits and correctly addressing caregivers’ needs
to alleviate the adverse effects of the pandemic
on psychosocial health. Cognitive areas that were
objectively confirmed to be impaired, such as mem-
ory and attention, appeared to be those reported
by caregivers as especially demanding. Therefore,
these results may be affected by the emotional state
of caregivers, whose psychosocial health has been
greatly affected by quarantine periods [19, 22, 24,
26].

Another observation of the present study was the
impact of confinement on the emotional status of par-
ticipants. The GDS test confirmed the presence of
depressive symptoms in the COVID-19 group, but
not in the control group, regardless of the severity of
the neurocognitive disease. The restrictions imposed
during the quarantine period, mainly the social iso-
lation and avoidance of social contacts, even with
close relatives and friends and the cessation of all
systematic activities in social and cultural contexts,
are possible causes of neuropsychiatric symptoms,
with the predominance of the depressive symptoms
[19, 21, 22, 26–29, 39, 40]. These neuropsychi-
atric manifestations are both part of the development
of neurocognitive disorders and risk factors for
dementia. In particular, the presence of depressive
symptoms is one important risk factor [41]. This inter-
play has been explained by several, non-mutually
exclusive hypotheses, [42]: 1) depression is a risk
factor for cognitive impairment [43–45], 2) cogni-
tive impairment is a risk factor for depression [46],
3) and/or the presence of a third variable (neurologi-
cal condition), may simultaneously cause cognitive
deterioration and depression [44, 47, 48]. Depres-
sion, as a symptom, may not always be causal, but
it can exacerbate pre-existing cognitive impairment
by depleting cognitive reserve [47]. If depression is
treated successfully, then MCI improves, but the per-
son may be at greater risk for developing Alzheimer’s

disease [49]. Cognitive impairment is considered a
symptom of depression in older patients [48]. This
is supported by meta-analyses, where poor perfor-
mance in neurocognitive tests was associated with
depression [50, 51]. Understanding the etiology of
neuropsychiatric symptoms in MCI is important in
understanding the development of dementia [52]. To
date, only three studies have measured the effects
of prolonged lockdown on cognitive, functional and
emotional abilities of Greek patients with neurocog-
nitive disorders. Two of them conducted [25, 37]
in the regional area of Athens, used self-reported
questionnaires, and focused on caregivers’ assess-
ments and perceptions. The third one conducted in
the urban area of Thessaloniki [53], reported inter-
esting clinical findings during the first COVID-19
wave, where no impact of the confinement on the
functionality of the participants was found could the
lack of effect can be explained by the fact that the
participants continued to receive psychosocial sup-
port and remote web-based interventions during the
quarantine. Our current study focused on the con-
finement during the second COVID-19 wave, which
lasted longer than the first. Moreover, the present
study included participants living in the regional area
of Eastern-Northern Greece. The geographical fac-
tor plays a role in the accessibility of people to
free specialized services for people with dementia.
The availability of these services was greatly lim-
ited and worked precariously during the quarantine
period in Eastern-Northern Greece. To our knowl-
edge, there are no available data on the effects of
the second COVID-19 wave on the cognitive func-
tion, as measured by neuropsychological tests used
in clinical practice, of Greek individuals with mild
and major neurocognitive disorders, living in remote
areas, A major strength of the present study is the
assessment of neuropsychological performance using
face-to-face interviews of patients with neurocogni-
tive disorders, which is considered a reliable strategy
to detect cognitive and neuropsychiatric changes
[17]. Our experimental design included the recruit-
ment of a strict control group and the use of a variety
of neuropsychological scales to evaluate the global
cognitive, functional, and emotional functions at two
time points to assess changes in different types of neu-
rocognitive disorders. On the other hand, the small
sample size and the inclusion of patients living at
home are limitations that might weaken the gener-
alizability of the present results. Another limitation
of the study is that additional neuropsychological
tests, which could provide more information about
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the overall functioning of the participants, were not
used. Especially for depression screening, comple-
mentary assessments could provide deeper insights
into the emotional status of the participants before
and during the pandemic. Moreover, we did not re-test
patients to investigate, if the changes were permanent
or transient (i.e., they could return to baseline levels).
Finally, the results obtained with older individuals
with mild and major neurocognitive disorders can-
not be equally applied or generalized to cognitively
healthy older adults.

In conclusion, this study highlights elements of
the clinical condition of individuals with neurocog-
nitive disorders that were directly affected by the
confinement during the second COVID-19 wave. The
findings can be used in the course of rehabilitation of
people who have experienced the negative effects of
social deprivation and have been cut off from any
activity. A deeper understanding of neuropsycholog-
ical changes can provide useful insights into both
health services and crisis management. These, in turn,
can be used in the development of prevention policies
for aging societies and the protection of vulnerable
populations. The design of post-emergency demen-
tia rehabilitation plan should include the involvement
of a three-pronged support system that includes
the patient-family-health system. Long term conse-
quences of the social circumstances associated with
isolation and stress are risk factors for subsequent
cognitive decline [54]. Since many neurocognitive
disorders can be prevented through modifiable risk
factors, such as lifestyle routines [55], informing
patients about desirable changes in lifestyle might
mitigate their cognitive decline. Thus, it is crucial to
educate potential patients and their caregivers about
healthy habits. Moreover, awareness campaigns for
memory disorders should include useful information
for early detection of symptoms. A key element for
the rehabilitation of individuals with neurocognitive
disorders is the improvement of quality of life. This
can be achieved through the development of adequate
strategies to stimulate healthy activities. National
efforts are essential to set up frameworks for demen-
tia management and providing support to patients
and caregivers. Further research should investigate
whether the neuropsychological alterations observed
herein are permanent or can be improved with appro-
priate approaches. The transformation of remote
diagnostics and support services is an opportunity to
establish a theoretical and practical model that max-
imizes therapeutic outcomes for patients and their
families.
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