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Cognitive Assessment in Patients with Acute COVID-19: A Cross-Sectional Study

Akut COVID-19 Hastalarinda Bilissel Degerlendirme: Kesitsel Bir Calisma

Yusuf KOCAK? Asuman CELIKBILEK' "~ Burc Esra SAHIN* Duygu ZORLU?

Gékmen ZARARSIZ34

oz

Amag: COVID-19’a bagh kognitif bozukluk daha 6nce yapilan galismalarda yiiksek oranda bildirilmistir. Enfeksiyonun ilk solunum
semptomlarindan sonraki 5 giin iginde, hafif COVID-19 hastalarinda, COVID-19 olmayan hastalara kiyasla, Montreal Biligsel
Degerlendirmesini (MoCA) kullanarak biligsel iglevleri arastirild.

Araclar ve Yontem: Bu prospektif kesitsel ¢alisgmaya hafif COVID-19'lu 113 hasta ve yas ve cinsiyet olarak eslestirilmis 109
kontrol alindi. Bilissel islevler, MoCA kullanilarak degerlendirildi.

Bulgular: MoCA skorlarimin COVID-19 hastalarinda kontrollere gére anlamli derecede diisiik oldugunu bulduk (P<0.001). Kontrol-
lerle karsilastirldiginda, gorsel uzamsal (P<0.001), bellek (P=0.017) ve dikkat (P<0.048) alanlar1 gibi bazt MoCA 6gelerinde puan
kayiplar1 bulduk. Cok degiskenli modelde kadin cinsiyet (2.06 [1.02—4.16], P=0.044), disiik egitim diizeyi (15.05 [5.16-43.90],
P<0.001), yiiksek aglik kan sekeri diizeyi (0.98 [0.96-1.00]), P=0.043) ve COVID-19 (24.24 [9.52-61.72], P<0.001) varhgi
bagimsiz olarak kognitif bozuklukla iligkiliyidi (OR, %95 CI).

Sonug: Hafif COVID-19'lu hastalarda akut faz sirasinda gorsel uzamsal, bellek ve dikkat alanlarinda biligsel islev bozuklugu tespit
edildi.

Anahtar Kelimeler: bilis; biligsel degerlendirme; covid-19; montreal biligsel degerlendirme; salgin
ABSTRACT

Purpose: Many reports have revealed a high percentage of patients suffering from cognitive impairment due to COVID-19. We
investigated cognitive functions using the Montreal Cognitive Assessment (MoCA) in mild COVID-19 patients compared with non-
COVID-19 patients within 5 days after the initial respiratory symptoms of infection.

Materials and Methods: 113 patients with mild COVID-19 and 109 age- and sex-matched controls were enrolled in this prospec-
tive cross-sectional study. Cognitive functions were evaluated using the MoCA.

Results: We found that the MoCA scores were significantly lower in the COVID-19 patients than in the controls (P<0.001). Com-
pared to the controls, we found point deficits within some MoCA items such as visuospatial (P<0.001), memory (P=0.017), and
attention (P<0.048) domains. In the multivariate model, female sex (2.06 [1.02—4.16], P=0.044), low education level (150.05 [5.16—
43.90], P<0.001), high fasting blood glucose level (0.98 [0.96-1.00], P=0.043), and the presence of COVID-19 (24.24 [9.52-61.72],
P<0.001) were independently associated with cognitive impairment (OR, 95% ClI).

Conclusion: We detected cognitive dysfunction, involving the visuospatial domain, memory, and attention, during the acute phase
in patients with mild COVID-19.
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INTRODUCTION

COVID-19 pandemic  had  destructive  effects
worldwide.!? However, the pathologic mechanisms
underlying the central nervous system (CNS) involve-
ment are not fully understood.® Pronounced neurological
manifestations of COVID-19 infection, such as headache,
ageusia or anosmia, and dizziness, have been well-
described, as they are easily noticed by patients.>* How-
ever, cognitive dysfunction is often overlooked particu-
larly if mild or if occurring in asymptomatic people.>8

Multiple studies have revealed a high percentage of
patients suffering from cognitive impairment due to
COVID-19.58 Several mechanisms have been proposed.
First, the neurotropic SARS-CoV-2 can enter epithelial
cells, depending on their expression of the angiotensin-
converting enzyme 2 receptor, that is also found on neu-
rons.®1% Notably, the virus has been found in the cortex
and hypothalamus presenting with edema and neuronal
degeneration in some COVID-19 patients, confirming
that coronaviruses can invade the CNS.!! Second, a sys-
temic proinflammatory state and subsequent neuroin-
flammation and hypoxia have also been suggested to
promote cognitive decline in patients with COVID-19
infection.’13 Some studies were performed during the
sub-acute phase at the time of hospital discharge®®-1114
and some after discharge.®1520 Thus, data are limited for
the acute phase of COVID-19, within a few days after
symptoms initiate.>2* Early identification of cognitive
impairment and supportive cognitive training if needed,
may be preventive from further neurocognitive deteriora-
tion.** Beaud et al. revealed cognitive deficits during the
acute stage in patients with COVID-19.2! Rogers et al.
performed a meta-analysis and reported that nearly one-
third of patients in the acute phase and one-fifth of pa-
tients in the later stage experience impaired memory and
concentration, or attention difficulties.?? However, cogni-
tive dysfunction remains obscure in mild cases of
COVID-19, as it is unknown which cognitive areas are
affected and to what extent. Amalakanti et al. reported
deficits in visuoperception, naming, and fluency on cog-
nitive screening in asymptomatic COVID-19 patients
who were recruited from relatives of COVID-19 patients
on admission.> We hypothesized that cognitive problems

may occur even in mild cases. The Montreal Cognitive
Assessment (MoCA) tool is useful to assess cognitive
functions, as no obvious cognitive deterioration is ex-
pected in mild COVID-19 cases, and this tool is superior
in detecting mild cognitive impairment.61%11 Moreover,
the MoCA has been widely validated in many cultures,?
and it covers multiple cognitive domains on one page.?*
Beaud et al. revealed cognitive decline in executive,
memory, attentional and visuospatial functions on the
MoCA during the acute stage in COVID-19 patients.?
Daroische et al. concluded that attention and executive
functioning are more prone to deterioration than are other
domains.” Taken together, subtle cognitive impairment
limited to some domains is likely to present in even mild
cases of COVID-19. Thus, we investigated cognitive
functions using the MoCA in mild COVID-19 patients
compared with non-COVID-19 patients in the course of
the acute stage within the infection.

MATERIALS and METHODS

Study Design

This prospective study included 222 patients <50 years
old who were consecutively selected from Kirsehir Ahi
Evran University Hospital, Kirsehir, Turkey between
May 2021 and January 2022. Patients who were admitted
to our pandemic clinic were examined by a chest disease
specialist for COVID-19 infection. The diagnosis of
COVID-19 infection was made based on the real-time
reverse-transcription polymerase chain reaction in nasal
and throat swab specimens.?®® Acute COVID-19 was
defined as the phase within 5 days after the initial respira-
tory symptoms. COVID-19 severity was classified as
mild (not requiring hospitalization), moderate (requiring
oxygen supplementation and/or hospitalization), or severe
(requiring intensive care support) disease.?® 113 patients
who were in the mild group and 109 age- and sex-
matched control subjects were included in this study.
COVID-19 patients were examined by the same neurolo-
gist and questioned for all infectious and neurological
symptoms. None of the COVID-19 patients was vac-
cinated, and none were receiving any treatment. Demo-
graphic data such as age, sex, body mass index, and
education level were noted in all participants. Patients
<18 years, those who were pregnant, those who had a
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documented neurological or psychiatric disorder, hearing
and/or visual impairments, thyroid disease, or vitamin
B12 and/or folate deficiency, and those who were con-
fused due to an acute infection were excluded.

Laboratory analyses were carried out using the standard
methods. Informed consent was obtained from each
subject and Kirsehir Ahi Evran University Clinical Re-
search Ethics Committee approved the study (date:
10.12.2020 and approval number: 2020-18/131).

Cognitive Assessment

All patients were screened for cognitive functions by a
trained neuropsychologist blinded to the participants
using the MoCA.?* The MoCA consists of assessments of
visuospatial abilities (4 points), memory (5 points), exec-
utive functioning (4 points), attention (6 points), language
(5 points), and orientation (6 points), as reported previ-
ously.?* The perfect score is 30 points, and a cut-off score
less than 26 points identifies mild cognitive impairment
with high sensitivity (80-100%) and specificity (50-
87%).2* In this study, we used the Turkish version of
MoCA (MoCA-TR) with a cut-off score of less than 21

points indicating poor cognition.?”28
Statistical Analysis

Histograms, g-q plots, and the Shapiro-Wilk test were
used to test the normality of the data, and Levene’s test
was applied to assess variance homogeneity. The two-
sided independent-samples t-test, Welch’s t-test, or
Mann-Whitney U-test was used to compare differences
between continuous variables, and Chi-square analyses
were used to assess differences between categorical
variables. Effect sizes were calculated by Cohen’s d
(difference in the means/pooled standard deviations) for
normally distributed continuous data, Rosenthal’s r
(z/+/n) for non-normally distributed continuous data, and
the Phi coefficient (y/X2/n) for categorical data. Univari-
ate and multiple logistic regression analyses were per-
formed to identify predictors of cognitive dysfunction in

control subjects and COVID-19 participants. Variables
with a univariate p-value < 0.25% were taken to the mul-
tivariate model, and forward elimination (Forward: LR)
was conducted to detect independent risk factors. Esti-
mated coefficients and odds ratios (ORs) with 95% con-
fidence intervals (Cls) were calculated. The goodness of
fit of the multiple logistic regression model was evaluated
using the Omnibus test, Hosmer and Lemeshow test, and
Nagelkerke R? statistics. The data were analyzed using
TURCOSA (Turcosa Analytics Ltd Co., Turkey,
www.turcosa.com.tr)  statistical software.  Statistical

significance was set at p<0.05.

RESULTS

The demographic data of controls and COVID-19 pa-
tients are summarized in Table 1. With respect to age or
gender, no significant difference was found between the
groups (p>0.05). The groups were also similar in terms of
education level, smoking, and alcohol use (p>0.05).
However, body mass index was higher in the COVID-19
patients than in the controls (p=0.023, Table 1). Table 2
shows that the MoCA scores were significantly lower in
the COVID-19 patients than in the controls (p<0.001).
Compared with the controls, we found point deficits
within some MoCA items such as visuospatial (p<0.001),
memory (P=0.017), and attention (p<0.048) domains.
Table 3 summarizes the infectious and neurological
symptoms of COVID-19 patients according to the MoCA
cut-off scores. Amnesia, a lack of concentration, and
inattention were higher in patients with low MoCA scores
than in those with high scores (p<0.001). Similarly, head-
ache, ageusia, anosmia, arthralgia, dizziness, and diarrhea
were also more frequent in patients with low MoCA
scores than in those with high scores among COVID-19
patients (p<0.05). In the multivariate model, female sex
(2.06 [1.02-4.16], p=0.044), low education level (150.05
[5.16-43.90], p<0.001), high fasting blood glucose level
(0.98 [0.96-1.00], p=0.043), and the presence of COVID-
19 (24.24 [9.52-61.72], p<0.001) were independently
associated with cognitive impairment (OR, 95% ClI,
Table 4).
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Table 1. Demoiraihic data of the controls and COVID-19 iatients.

Demographic variables

Sex (female) 52(47.7) 56(49.6) 0.783
Age (years) 35.13([8.84]) 35.59([7.74]) 0.678
Body mass index (kg/m2) 25.51([2.99]) 26.59([4.00]) 0.023
Education level

Primary school 9(8.3) 9(8.0) 0.994

Secondary school 12(11.0) 12(10.6)

High school 58(53.2) 59(52.2)

University 30(27.5) 33(29.2)
Smoking (yes) 44(40.4) 37(32.7) 0.238
Alcohol use (yes) 24(22.0) 16(14.2) 0.128
Laboratory markers
Fasting blood glucose (mg/dl) 98.17([18.72]) 99.16([15.19]) 0.667
TC (mg/dI) 192.83([47.62]) 185.43([44.81]) 0.234
LDL-C (mg/dl) 103.0(87.0-116.5) 101.0(90.0-130.0) 0.767
HDL-C (mg/dl) 51.0(44.0-59.5) 54.0(45.0-65.0) 0.065
TG (mg/dl) 157.0(105.5-211.0) 126.0(91.0-186.0) 0.037
Vitamin D (IU/L) 17.0(11.0-23.0) 16.0(12.0-21.0) 0.256

Values are expressed as n(%), mean([SD]) or median(1st-3rd quartiles). TC indicates total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol. Effect size calculations were given as Cohen’s d for normally distributed continuous data, Rosenthal’s r for
non-normally distributed continuous data, Phi coefficient for categorical data. Bold values indicate statistically significant (p<0.05).

Table 2. The MoCA scores and the number of the affected individuals displaying point deficits within each cognitive domain in controls and
COVID-19 patients.

MoCA scores* 24.0(23.0-26.0) 20.0(18.0-22.0) <0.001

Frequency of cognitive dysfunction** 14(12.8) 70(61.9) <0.001

MoCA items***
Visuospatial 66(60.6) 95(84.1) <0.001
Memory 101(92.7) 112(99.1) 0.017
Executive 86(78.9) 95(84.1) 0.321
Attention 73(67.0) 89(78.8) 0.048
Language 78(71.6) 91(80.5) 0.117
Orientation 2(1.8) 0(0.0) 0.240

Values are expressed as n(%). MoCA indicates Montreal Cognitive Assessment. “Cognitive functions were evaluated using the Turkish version of the MoCA,
with a cut-off score for mild cognitive impairment of less than 21 points. *“The low MoCA score represents the poor cognitive performance (over 30 points).
"The numerical data indicates the number of the affected individuals displaying point deficits within each MoCA item. Bold values indicate statistically signifi-
cant (p<0.05).

Table 3. The frequency of the infectious and neurological symptoms of COVID-19 pati-ents according to the MoCA cut-off scores.

Fatigue 65(94.2) 37(86.0) 102(91.1) 0.179

Amnesia 66(94.3) 31(72.1) 97(85.8) 0.001
Unconcentration 66(94.3) 31(72.1) 97(85.8) 0.001
Inattention 66(94.3) 31(72.1) 97(85.8) 0.001
Fever 59(84.3) 36(83.7) 95(84.1) 0.937
Cough 59(84.3) 32(74.4) 91(80.5) 0.195
Headache 57(81.4) 27(62.8) 84(74.3) 0.028
Ageusia 56(80.0) 23(53.5) 79(69.9) 0.003
Anosmia 55(78.6) 24(55.8) 79(69.9) 0.010
Arthralgia 53(75.7) 21(48.8) 74(65.5) 0.004
Dyspnea 44(62.9) 19(44.2) 63(55.8) 0.053
Dizziness 40(57.1) 11(25.6) 51(45.1) 0.001
Diarrhea 24(34.3) 7(16.3) 31(27.4) 0.037
Syncope 2(2.9) 2(4.7) 4(3.5) 0.634
Autonomic dysfunction 1(1.4) 0(0.0) 1(0.9) 0.999
Impaired consciousness 1(1.4) 0(0.0) 1(0.9) 0.999

Values are expressed as n(%). MoCA indicates Montreal Cognitive Assessment. Cognitive functions were eval-uated using the Turkish version of the MoCA,
with a cut-off score for mild cognitive impairment of less than 21 points. The low MoCA score represents the poor cognitive performance (over 30 points). Bold
values indicate statistically significant (p<0.05).
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Table 4. Univariate and multiple logistic regression analysis to identify the predictors of cognitive dysfunction in the controls and COVID-

19 patients
Variables Univariate Multiple
OR(95%CI) p OR(95%Cl) p
Sex (female) 1.73(1.00-3.00) 0.049 2.06(1.02-4.16) 0.044
Age (years) 1.05(1.01-1.08) 0.007 - -
Body mass index (kg/m2) 1.09(1.01-1.18) 0.036 - -
Education level
-High school or university 1.00 - 1.00 -
-Primary or secondary school 5.07(2.45-10.49) <0.001 15.05(5.16-43.90) <0.001
Fasting blood glucose (mg/dl) 0.99(0.97-1.00) 0.128 0.98(0.96-1.00) 0.043
TC (mg/dl) 1.00(0.99-1.01) 0.928 - -
LDL-C (mg/dl) 1.00(0.99-1.01) 0.318 - -
HDL-C (mg/dl) 1.01(0.99-1.03) 0.358 - -
TG (mg/dl) 1.00(0.99-1.01) 0.120 - -
D vitamin (IU/L) 0.99(0.96-1.02) 0.337 - -
Smoking status (yes) 1.03(0.59-1.81) 0.920 - -
Alcohol use (yes) 0.86(0.42-1.76) 0.683 - -
COVID-19 status (present) 11.05(5.61-21.75) <0.001 24.24(9.52-61.72) <0.001

Cognitive functions were evaluated using the Turkish version of the MoCA, with a cut-off score for mild cognitive impairment of less than 21 points. TC indi-
cates total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. OR: Odds ratio, Cl: confi-
dence intervals. Bold values indicate statistically significant (p<0.05). Omnibus test chi-square test=4.121, p-value=0.042; Hosmer and Lemeshow test=10.076,

p-value=0.260 and

DISCUSSION

An association between COVID-19 and cognitive im-
pairment is being increasingly recognized.® Many studies
were performed at the late stages of COVID-19 and
mainly in recovered patients.®15-20 However, a few stud-
ies were conducted during the acute stage.>??? In this
study, we examined the cognitive functions of mild
COVID-19 patients on admission and found that nearly
two-thirds of the patients presented with cognitive im-
pairment. We assessed the acute period of COVID-19
because subtle cognitive impairment often goes unnoticed
at this stage.> We used the MoCA for cognitive screen-
ing, as it is more sensitive to mild cognitive changes in
wide ranges.?* We found lower MoCA scores on the
visuospatial, memory, and attention domains in the
COVID-19 patients than healthy controls. Although the
exact pathophysiological mechanism remains speculative,
the low scores may result from multiple interacting fac-
tors. According to Matos et al.,* direct virus-induced
injury to the frontal cortical pathways may disrupt the
neuronal communication circuits towards the thalami
(e.g., the pulvinar region where mostly visual connections
are located), which may explain the visuospatial
deficits.%® Additionally, the hippocampus is vulnerable to
coronavirus infection, and neuroinflammation caused by
the virus may increase memory impairment via high
cytokine levels during a “cytokine storm”, resulting in
hippocampal atrophy, especially in severe cases.3!32
Moreover, acute psychological stress induced by a pa-

tient’s clinical conditions may impair attentional pro-

Nagelkerke R2=0.501.

cessing and increase the risk of memory deficits.3* Fur-
thermore, Hugon et al. reported two cases of cognitive
deficit due to COVID-19, as demonstrated by abnormal
hypometabolic regions in the cingulate cortex detected by
fluorodeoxyglucose positron emission tomography.'® The
cingulate cortex is involved in emotions, memory, de-
pression, and decisions of action.'®3® Inputs from the
orbitofrontal cortex enter the anterior cingulate cortex
and then the posterior cingulate cortex of which the pro-
jections are towards the hippocampus.’® This may pro-
vide clues for the memory deficits and abnormal atten-
tional functions in COVID-19-infected patients. In this
study, the executive deficits were similar between
COVID-19 patients and control subjects. This may be
because executive dysfunction potentially occurs during
the subacute phase of COVID-19. COVID-related stress
during the initial phase of COVID-19 may impair atten-
tion in the foreground, whereas executive dysfunction
occurs later during the subacute period, as supported by
Chang et al.3* We suggest that cognitive impairment in
each domain occurs according to the phases of COVID-
19.

On the other hand, amnesia, lack of concentration, and
inattention were very common in the group with poor
cognitive performance, which was expected, as these
three symptoms are closely linked to cognitive function-
ing.8 Headache, ageusia, anosmia, and dizziness were
frequently detected in COVID-19 patients with poor
cognition. Additionally, patients with infectious symp-

toms, such as arthralgia and diarrhea, during an acute
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infection had a worse cognitive performance on the
MoCA as reported by Almeria et al.8 All of these con-
comitant symptoms suggest a common underlying mech-
anism of ongoing neuroinflammation, which further
affects cognitive status.3 In the present study, the pres-
ence of COVID-19, female sex, and low education level
were independently and strongly related to cognitive
decline. As older age seems to influence cognitive
status,>'* we excluded older people to avoid age-related
cognitive impairment. The relationship between cognition
and sociodemographic factors, such as sex and age, is
controversial in COVID-19 patients. Woo et al.® and
Beaud et al.?! found a relation of cognitive functioning
neither with age nor gender, while Alemanno et al.**
showed that cognitive impairment is correlated with age.
Herein, we found a correlation between cognitive decline
and female sex, which was linked to the lower education
status of the women compared with the men in our co-
hort. Education has a potential effect on cognition by
promoting healthy behaviors regardless of age.®® Con-
firming this observation, a primary or secondary school
education level was predictive of cognitive impairment in
COVID-19 subjects compared with high school educa-

tion.

This study had certain limitations. First, the sample size
was relatively small representing a single-center data.
Second, our study was cross-sectional; therefore, a causal
link is unclear. Third, some potential cofactors of cogni-
tion as nutritional, sleeping, and physical exercise habits,
could not be excluded. Fourth, structural brain imaging
was lacking due to infection control measures. Finally,
we lacked follow-up assessment for cognitive status
during recovery from COVID-19. Three- or six-months’

follow-up are needed in further research.

In conclusion, some recent studies indicate that cognitive
impairment may occur regardless of COVID-19 disease
stages. In line with the literature, we detected cognitive
dysfunction, mainly involving the visuospatial domain,
memory, and attention, during the acute phase in patients
with mild COVID-19. Despite the aforementioned limita-
tions, our findings may provide some clues that may help

guide future meta-analyses.
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