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The Link Between COVID-19 and
Executive Functions in the Geriatric
Population: A Descriptive Cross-
Sectional Study
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Turkey Objective: Geriatric population is known to be at a greater risk for the Coronavirus-19 (COVID-19). Previous literature

provided evidence for the association between viral infections and cognitive decline. The aim of this study was to evaluate
executive functions in older adults who were infected by COVID-19.

Material and Methods: A total of 47 participants with healthy cognition over the age of 65 (M:75.4+5.91, minimum-
maximum:65-85) were enrolled in the study. The sample was selected from older adults residing in a nursing home in
Istanbul. Based on their history of COVID-19 infection, the sample was divided into two groups as COVID-P (22 participants
who got Covid-19 in the last six months) and COVID-N (25 participants who did not get Covid-19) which did not
significantly differ in terms of age and education. A mini mental state examination was applied to verify the mental status
of participants. Trail Making Test (TMT) and Clock Drawing test (CDT) were used to assess executive functions.

Results: The analyses showed that COVID-P group displayed significantly lower performance in the completion time of
TMT as compared to COVID-N group (p< .05 for both TMT-A and TMT-B). However, groups did not significantly differ in
their (DT performance (p>.05).

Merve CEBI Conclusion: Based on the findings, it is possible to conclude that COVID-19 can negatively affect the executive functions
Oguzhan KAPLAN in the old age population.
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Geriatrik Popiilasyonda COVID-19 ve Viiriitiicii islevler Arasindaki iliski: Tanimlayiai Kesitsel Bir Calisma
OZET

Amag: Geriyatrik popiilasyonun Koronaviruse (COVID-19) yakalanma riskinin daha yiiksek oldugu bilinmektedir. Gegmis
literatiire bakildiginda, viral enfeksiyonlar ile bilissel bozulma arasinda bir iliski gériilmektedir. Bu ¢alismanin amaci
(OVID-19 gecirmis yaslilarda yiriitiicii islevlerin degerlendirilmesidir.

Geregve Yontem: Calismaya 65 yag ve iizeri (M:75.4-5.91, minimum-maksimum:65-85) toplam 47 bilissel olarak saglikl
yasli dahil edilmistir. Orneklem, istanbulda bir huzurevinde ikamet eden yagh bireylerden olusturulmustur. COVID-19
Correspondence: Merve Cebi dykiisiine gdre, drneklem COVID-P (son 6 ayda Covid-19 gegirmis olan 22 katilimci) ve COVID-N (Covid-19 gecirmemis 25
Uskudar University, Faculty of Humanities katilma) olmak izere yas ve egitim diizeyi agisindan anlamli fark bulunmayan iki gruba aynimistir. Katilimailarin mental
and Social Sciences, Psychology Department, durumlaninin degerlendirilmesi amaciyla Mini Mental Durum Testi uyqulanmistir. Yiiriitiicii islevler, iz Siirme Testi (IST) ve
istanbul, Turkey Saat Cizimi Testi (SCT) uygulanarak ol¢tilmiistir.
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E-mail: merve.cebi@uskudaredu.r Bulgular: Yapilan analizler sonucunda COVID-P grubunun IST tamamlama siiresi performanst her iki form icin de COVID-N

grubuna gére daha diisiik bulunmustur (hem iST-A hem IST-B icin p< .05). Ote yandan gruplar SCT performansi agisindan
istatistiksel olarak farkl bulunmamigtir (p>.05).

Sonug: Elde edilen bulgulara gdre, COVID-19un yasli popiilasyonda yilriitiicii islev performansini negatif yonde etkiledigi
sonucuna varmak miimkin olabilir.
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Executive Functions in COVID-19

s leading to a severe acute respiratory syndrome,

the COVID-19 pandemic has affected more than

400 million people throughout the world and re-
sulted in approximately 6 million deaths (https://covid19.
who.int/). We witnessed that older population was one of
the highest risk groups to experience adverse effects of
the virus and potential deaths.

Even though COVID-19 infection mainly targets the hu-
man respiratory system, it is now clear that COVID-19
can lead to long-lasting damages in multiple systems
including the nervous system. Accordingly, a reasonab-
le number of COVID-19 cases has been found to develop
neurological symptoms. In parallel with this, COVID-19
infection has been also associated with impairment in dif-
ferent cognitive domains ranging from attention to exe-
cutive functions (1). In addition to the direct neurological
impact, long-term self-isolation periods as well as the
traumatic stress of the disease itself can have a negative
impact on cognition of older population (2).

In a cohort study conducted with COVID-19 survivors in
Wuhan, it was shown that severe COVID-19 as compared
to nonsevere COVID-19 was significantly related to prog-
ressive cognitive decline in older adults (3). In another
study, worsening of cognitive decline was reported as a
significant impact of COVID-19 on people with dementia
(4). Also, older adults who cleared the virus were found
to experience executive dysfunction as well as increased
anxiety and depression (2). Recently, a study conducted
with Turkish population evaluated post-covid cognitive
deficits and a positive correlation was reported between
patients’ initial Serum C-reactive protein (CRP) levels and
severity of cognitive impairment (5). In addition, cognitive
performance of the patients who were hospitalized due
to COVID-19 were reported to be worse than the patients
who were not hospitalized. In fact, the effect of viral infec-
tions other than COVID-19 on neurocognitive functioning
had been previously reported in several studies (6-8).

Given that old age people are more vulnerable to this in-
fection, their risk of post-COVID-19 cognitive decline sho-
uld be a topic of concern. Therefore, the aim of this study
was to evaluate the impact of COVID-19 on executive
functions among older adults.

Material and Methods

Study Design
The study was designed as a descriptive cross-sectional
research model. The study was conducted in accordance

with Helsinki Declaration Principles. An informed con-
sent was taken from all participants before collecting the
data. The study was approved by Uskudar University Non-
Interventional Research Ethics Committee, report number
of 61351342/07/2021-30 (29 July 2021).

Sample

Twenty-two participants with the history of COVID-19
(COVID-P) and 25 participants without the history of
COVID-19 (COVID-N) were included in the study. Since the
target population of the study was old age people, parti-
cipants were recruited from a nursing home in Istanbul.
Participants’mental state was assessed by MMSE and a to-
tal score of less than 26 was set as an exclusion criterion.
llliteracy and any history of neurological and psychiatric
disorder were also set as exclusion criteria. Being aged 65
or above, having a total score of more than 26 in MMSE
and the absence of any neurological and psychiatric disor-
der were set as inclusion criteria.

Measurement Tools

Clock Drawing Test (CDT)

Clock Drawing Test (CDT) is one of the most widely used
and easily applied tests to assess executive functions.
Despite its several versions and scoring methods, the ge-
neral procedure includes instructing participants to draw
a cycle to be a clock, then to add the numbers approp-
riately and finally to set the time to 11.10. In this study,
Shulman method was used to evaluate CDT, since it is
accepted to be one of the most commonly used scoring
systems (9). According to the Shulman method, the sco-
re ranges between 0 and 5 with the highest score being
5. Zero point means there is no representation of a clock,
1 point is given for a severe disorganization of numbers
which do not represent a clock, 2 point is given for mo-
derate disorganization, 3 point is given for acceptable
organization with inaccurate hands, 4 point is given for
minor organizational errors, and 5 point stands for the
well-organized numbers with hands accurately placed.

Trail Making Test (TMT):

Trail Making Test (TMT) is a well-known neuropsycholo-
gical test to measure executive functions. It consists of
two parts as part A and part B. In both parts, participants
are given a sheet of paper where they are instructed to
connect 25 circles. In part A, circles only include numbers
from 1 to 25 and participants are required to draw a line
to connect them in an ascending pattern. In part B, circles
include both numbers (from 1 to 13) and letters (from A
to ..) and participants are required to connect them in an
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alternating pattern (e.g. 1-A-2-B-3-C etc.). The completion
time of both parts as well as the number of errors were
recorded. The normative data of TMT for the Turkish older
population was reported by Cangéz et al. (10).

Mini Mental State Examination (MMSE):
The MMSE is a widely used bedside test to screen men-
tal state, consisting of subdomains measuring orientati-
on, registration, attention, recall and language (11). The
Turkish version of MMSE was standardized by Gungen et
al. (12). The maximum score of MMSE is 30.

Statistical Analyses

For assessing the normality of data, skewness and kurto-
sis of the distribution were checked. Since the scores were
found to fall within the normal range (-1.5 - +1.5 for the
skewness and -3 - +3 for the kurtosis), parametric analyses
were performed. Independent samples t-test was used to
examine group differences in executive function perfor-
mance. Pearson correlation analyses were applied to exa-
mine the relationship between executive function tests as
well as sociodemographic variables. All statistical analyses
were performed using SPSS version 24 (SPSS Inc., Chicago,
IL, USA) and the significance level was set at p<.05; two-
tailed for all analyses.

Results

The mean age of COVID-P group (n: 22) was 76.95+6.6 and
the mean education year was 11.45+3.2. The mean age of
COVID-N group (n: 25) was 74.16%5.01 and the mean edu-
cation year was 12.44+3.44. An independent sample t-test
revealed that there was no significant difference between
the COVID-P and COVID-N group in terms of age and edu-
cation (p>.05 for both). The gender distribution among
the groups was also normal (p>.05).

The independent t-test showed that neither the total
MMSE score nor the subscores were statistically different
between COVID-P and COVID-N group (p>.05 for all). The
MMSE scores for both groups and significance levels were
presented in Table 1.

Regarding the executive function tests, test completion
time for TMT-A was significantly longer for COVID-P group
as compared to COVID-N group [t(44)= 2.126, p < .039].
The test completion time for TMT-B was also significantly
longer for COVID-P group [t(44)= 1,894 p< .045]. In additi-
on, the number of errors in TMT-A was significantly higher
for the COVID-P group than the COVID-N group [t(44)=
1.990, p< .041]. However, groups did not have a signifi-
cantly different performance on CDT (p> .05).

Table 1. Mean scores of cognitive tests for each group

COVID-P group | COVID-N group | Significance

M=SD. M=SD. level
MMSE total 26.7+2.14 27.72 41.02 NS
score
Orientation 9.40+.73 9.64+ .56 NS
Registration 281+ .5 2.84+ .37 NS
Attention 3.54%1.22 4.08+.90 NS
Recall 2+.75 2.28+ .61 NS
Language 8.72+ .55 8.84+ .37 NS
TMT-A
completion 173.644+42.42 110.32+64.17 .039
time
TMT-B
completion 382.05+ 101.62 265.80+ 115.14 .045
time
TMT-A error 118+ 1.4 .56%.65 .041
TMT-B error 4.27+3.23 34432 NS
CDT score 436+ .84 4.24+ 87 NS
MMSE: Mini mental state examination, TMT: Trail Making Test, CDT:
Clock Drawing Test NS: Nonsignificant

As expected, there was a positive correlation between age
and test completion time for TMT-A (r=.424, p<.001), test
completion time for TMT-B (r=.482, p<.001), and the num-
ber of errors for TMT-B (r=.508, p<.001). Also, age was fo-
und to be negatively correlated with CDT performance (r=
-.589, p<.001). Education year, however, was not found to
be correlated with any of the test scores (p>.05, for all).

In order to clarify if age had a moderator effect on the
relationship between COVID-19 condition and executi-
ve functions, we performed a moderation analysis using
PROCESS (Model 1). The outcome variables were completi-
on time for TMT-A and completion time for TMT-B, respec-
tively. The analysis showed that the interaction between
COVID-19 group and age was not statistically significant
for the TMT-A completion time, b= .0044, t(47)= -.4973,
p=.62. Similarly, the interaction between COVID-19 gro-
up and age did not statistically contribute to the TMT-B
completion time, b=.0025, t(47)=-.3807, p=.70.
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Discussion

It is a well-known fact that brain aging is often associa-
ted with cognitive decline. Since the role of previous viral
infections on cognitive decline has been widely discus-
sed in the literature, currently, there is a growing interest
among researchers to study the neurocognitive effects of
COVID-19. Given that the older population is assumed to
have a greater risk for COVID-19, its effects on mental he-
alth should be noticed. In this study, we compared execu-
tive functions in older adults who experienced COVID-19
infection in the last 6 months with another group of older
adults who did not infected by the virus. Accordingly, the
present study provided one of the first pieces of evidence
for the negative impact of COVID-19 on executive functi-
ons in older adults. Namely, the COVID-P group displayed
significantly lower performance on TMT, which is conside-
red to be one of the most widely used and reliable tests to
evaluate executive functions.

Since neurological manifestations are shown to be no-
tably common in patients with COVID-19, the presence
of acute cognitive complaints should not be surprising
(13). However, while there is preliminary evidence of
post-infectious cognitive decline, long-term cognitive
consequences are still not well established in the literatu-
re. Recently, Liu et al. (14) reported that both severe and
non-severe COVID-19 survivors experienced cognitive
difficulties and almost 60% of severe COVID-19 survivors
displayed longitudinal cognitive decline. In another study,
executive dysfunction, apathy and cognitive fatigue were
reported in people following COVID-19 infection (15).

A limited number of studies also suggested worsening
of cognitive functions in people with dementia after be-
ing infected by COVID-19 (16). Likewise, older adults with
dementia were shown to be more likely to experience
COVID-19 in a more severe form, including increased risk
of death (17). In an extensive meta-analysis, it was repor-
ted that the risk of being infected by COVID-19 is signifi-
cantly higher in patients with dementia as compared to
healthy controls (18). Therefore, identification of the bi-
directional link between COVID-19 and dementia during
pandemic is crucial to minimize the risk of infection in ol-
der adults.

Increasing evidence suggests that COVID-19 has an im-
pact on the central nervous system. Although the exact
mechanism underlying its effect on brain structure and
function has not been clearly elucidated, some potenti-
al causes have been reported (15). Firstly, a considerable

amount of evidence suggests hypoxia as the major cause,
since prolonged oxygen deficiency is known to damage
neurons. Researchers revealed that even silent hypoxia,
where the patients do not experience any covert breat-
hing difficulty despite insufficient oxygen saturation level,
may induce damage to the brain (19). Accordingly, both
structural and metabolic changes in the brain are linked
to COVID-19 in the literature. Namely, studies reported
frontotemporal hypoperfusion as well as structural ab-
normalities in temporal regions in COVID-19 survivors
(19-20). In an animal study conducted with mice, reduced
hippocampal volume following COVID-19 was observed,
which is well known as a critical brain region for attention
and memory processes (21).

In addition to direct effects of COVID-19 on the brain, re-
searchers suggest the existence of multiple contributing
factors (22). For example, in one study, increased depres-
sive symptoms and anxiety has been related to cognitive
complaints in patients who recovered from COVID-19.1
Additionally, Amanzio et al. (23) reported lockdown fati-
gue as an indirect contributor to poorer cognition by al-
tering mood in a negative way. A recent study in Turkey
aimed to examine the traumatic effect of COVID-19 on
mental health and reported COVID-19 as a severe trauma
directly or indirectly affecting executive functions (24).
However, their measure of executive function was based
on participants’ self-reports. Neuropsychological evalu-
ation is essential to verify COVID-19 survivors’ executive
function performance, as in our study.

Lack of brain imaging data might be listed as the foremost
limitation of this study. Since our findings solely rely on
the neuropsychological assessment, it is required to en-
lighten the possible underlying neurological basis of the
deficit. Second most important limitation of the study is
the relatively small sample size. Finally, since the princi-
pal goal of this study was to examine whether COVID-19
has a deteriorative effect on executive functions, we only
included relevant instruments to measure participants’
executive test performance. However, application of a
wider neuropsychological battery might shed light on
COVID-19-dependent cognitive decline in older adults.
Therefore, future studies with larger sample sizes combi-
ned with structural or functional neuroimaging data are
still required to better understand the association betwe-
en COVID-19 and cognitive decline.
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Conclusion

In this study, it was aimed to determine the role of
COVID-19 on the executive functions in older people.
Accordingly, we compared the executive function perfor-
mance of a group of older people living in a nursing home
who were previously infected by COVID-19 and who were
not infected. In summary, we demonstrated that execu-
tive functioning in older adults who were previously in-
fected by COVID-19 was lower as compared to those who
were not infected. Given that the sample of this study was
comprised of elderly with normal cognition, whose exe-
cutive functions were found to be linked to their history
of COVID-19, exploring the possible effects of this virus on
people having cognitive decline should be noteworthy in
order to help elderly to maintain a more successful aging.

Declarations

Funding
No financial support was received for the study.

Conflicts of Interest
No potential conflict of interest was reported by the
authors.

Ethics Approval

The study was approved by Uskudar University Non-
Interventional Research Ethics Committee, report number
of 61351342/07/2021-30 (29 July 2021).

Availability of Data and Material
The dataset of this study are available from the correspon-
ding author on a reasonable request.

Authors Contributions
Both authors contributed equally to all parts of the study.

References

1. Almeria M, Cejudo JC, Sotoca J, et al. Cognitive profile following
COVID-19infection:Clinical predictorsleading to neuropsychological
impairment. Brain, behavior, & immunity-health. 2020;9:100163.

2. Alonso-Lana S, Marquié M, Ruiz A, et al. Cognitive and
neuropsychiatric manifestations of COVID-19 and effects on
elderly individuals with dementia. Frontiers in aging neuroscience.
2020;369.

3. Liu YH, Chen Y, Wang QH, et al. One-year trajectory of cognitive
changes in older survivors of COVID-19 in Wuhan, China: a
longitudinal cohort study. JAMA neurology. 2022; 79(5), 509-517.

4. TondoG,SarassoB,SerraP,etal.Thelmpactofthe COVID-19Pandemic
on the Cognition of People with Dementia. International Journal of
Environmental Research and Public Health. 2021;18(8):4285.

5. Arica-Polat BS, Gindogdu AA, Cinar N, et al. Evaluation of cognitive

deficits in patients infected with COVID-19. European Review for
Medical and Pharmacological Sciences. 2022;26(2):678-685.

20.

21.

22.

23.

24,

Itzhaki RF and Wozniak MA. Viral infection and cognitive decline.
Journal of the American Geriatrics Society. 2007;55:131-131. https://
doi.org/10.1111/j.1532-5415.2006.01001.x

Sochocka M, Zwoliriska K and Leszek J. The infectious etiology of
Alzheimer’s disease. Current Neuropharmacology. 2017;15:996-
1009. https://doi.org/10.2174/1570159x15666170313122937

Munoz LS, Garcia MA, Gordon-Lipkin E, et al. Emerging viral
infections and their impact on the global burden of neurological
disease. Seminars in Neurology. 2018;38:163-175. https://doi.
org/10.1055/5-0038-1647247

Mainland BJ, Shulman KI. Clock drawing test. In Cognitive screening

instruments. Cham: Springer International Publishing, 2017. p.
67-108

. Cangoz B, Karakoc E and Selekler K. Trail Making Test: normative data

for Turkish elderly population by age, sex and education. Journal of
the neurological sciences. 2009;283(1-2):73-78.

. Folstein MF, Folstein SE and McHugh PR. “Mini-mental state”: a

practical method for grading the cognitive state of patients for the
clinician. Journal of psychiatric research. 1975;12(3):189-198.

. Glngen C, Ertan T, Eker E, et al.. Reliability and validity of the

standardized Mini Mental State Examination in the diagnosis of
mild dementia in Turkish population. Turk psikiyatri dergisi= Turkish
journal of psychiatry. 2002;13(4):273-281.

. Mao L, Wang M, Chen S, et al. Neurological manifestations of

hospitalized patients with COVID-19 in Wuhan, China: a retrospective
case series study. MedRxiv. 2020.

. Liu YH, Wang YR, Wang QH, et al. Post-infection cognitive

impairmentsin a cohort of elderly patients with COVID-19. Molecular
neurodegeneration. 2021;16(1), 1-10.

. Ortelli P, Ferrazzoli D, Sebastianelli L, ,et al. Neuropsychological and

neurophysiological correlates of fatigue in post-acute patients with
neurological manifestations of COVID-19: Insights into a challenging
symptom. Journal of the neurological sciences. 2021;420:117271.

. Korczyn AD. Dementia in the COVID-19 period. Journal of Alzheimer’s

Disease. 2020;75(4):1071.

. Numbers K and Brodaty H. The effects of the COVID-19 pandemic on

people with dementia. Nature Reviews Neurology. 2021;17(2):69-70.
doi:10.1038/s41582-020-00450-z

. Hariyanto TI, Putri C, Arisa J, et al. Dementia and outcomes from

coronavirus disease 2019 (COVID-19) pneumonia: a systematic
review and meta-analysis. Archives of Gerontology and Geriatrics.
2021;93:104299.

. Rahman A, Tabassum T, Araf Y, et al. Silent hypoxia in COVID-19:

pathomechanism and possible management strategy. Molecular
biology reports. 2021;48(4):3863-3869.

Helms J, Kremer S, Merdji H, et al. Neurologic features in severe SARS-
CoV-2 infection. New England Journal of Medicine. 2020;382(23):
2268-2270.

Iroegbu JD, Ifenatuoha CW, and ljomone OM. Potential neurological
impact of coronaviruses: implications for the novel SARS-CoV-2.
Neurological Sciences. 2020;41:1329-1337. https://doi.org/10.1007/
$10072-020-04469-4

Montalvan V, Lee J, Bueso T, et al. Neurological manifestations of
COVID-19 and other coronavirus infections: a systematic review.
Clinical neurology and neurosurgery, 2020;194:105921.

Amanzio M, Canessa N, Bartoli M, et al. Lockdown effects on healthy
cognitive aging during the COVID-19 Pandemic: A Longitudinal
Study. Frontiers in psychology. 2021;12.

Kira IA, Alpay EH, Ayna YE, et al. The effects of COVID-19 continuous
traumatic stressors on mental health and cognitive functioning: A
case example from Turkey. Current Psychology. 2021:1-12.

Aabadem Univ. Saglik Bilim. Derg. 2023; 14 (2): 161-165

165





