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Abstract
Background and Purpose Cognitive deficits that are associated with coronavirus disease 2019 (COVID-19) and occur in the 
acute period are gaining importance. While most studies have focused on the elderly severely affected during acute infection, 
it remains unclear whether mild to moderate COVID-19 results in cognitive deficits in young patients. This study aims to 
evaluate the post-infection cognitive functions of young adults with mild to moderate symptoms of COVID-19.
Methods A total of 100 adults with similar age and educational background were included in the study. Half of those had 
been infected with COVID-19 in the last 60 days (N = 50), and the other half had not (N = 50). Global cognitive skills of 
the participants were evaluated through Montreal Cognitive Assessment Scale (MoCA) and Clock-Drawing Test; memory 
functions with Öktem Verbal Memory Processes Test (Ö-VMPT); attention span with Digit Span Test; executive functions 
with Fluency Tests, Stroop Test, and Trail Making Test; visual perceptual skills with Rey Osterrieth Complex Figure Test 
(ROCF); and neuropsychiatric status with Neuropsychiatric Inventory (NPI). Evaluations were performed in the experimental 
group for 21 to 60 days from the onset of the disease, and throughout the study, in the control group.
Results It was found that global cognitive skills, verbal memory, visual memory, executive function, and neuropsychiatric 
status were affected during COVID-19 (p < 0.05).
Conclusion When the cases were analyzed according to disease severity, no relationship was found between cognitive deficits 
and disease severity.
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Introduction

Coronavirus disease 2019 (COVID-19) is a severe acute res-
piratory syndrome disease, the first cases of which appeared 
in Wuhan, China at the end of 2019, and which caused the 
death of millions of people around the world. In addition to 
its acute effects, it poses a threat with its long-term effects. 
Although it is primarily known as a respiratory disease [1], 
it has been stated that it may also cause neurological, psychi-
atric, psychological, and psychosocial disorders [2]. A study 
conducted in China reported that 53 (25%) of 214 patients 
hospitalized for the first time had central nervous system 
(CNS) involvement, including non-specific encephalopathy 
(headache, confusion, and disorientation) [3]. In a study 
conducted in France, it was stated that 69% of 58 hospital-
ized patients had CNS involvement, and 33% of 43 patients 
discharged from the hospital had dysexecutive syndrome 
including inattention, disorientation, or poorly organized 
response to the command [4]. A recent study carried out 
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in England found that mental status changes including psy-
chosis and neurocognitive changes were observed in 31% 
of 125 patients [1, 5]. Although the neurovirulence of the 
COVID-19 has not been completely proven yet, some studies 
showed that it affects the CNS in different ways, and causes 
neurological problems such as ischemia and encephalitis in 
two-thirds of hospitalized patients [1]. It is not known how 
much of the ischemic damage occurs secondary to cardi-
orespiratory disease through direct effects of the virus on 
the CNS. However, cerebral white matter affection, which 
is sensitive to ischemia, is stated to contribute to cognitive 
deficits such as attention problems, and impairments in ver-
bal memory and executive functions [6, 7]. These findings 
have also been supported by the results that hippocampal 
damage can be observed at the cellular level after infection 
in studies on animals [7]. It is also stated that hypercoagu-
latory and hyperinflammatory states that can be observed 
in severe COVID-19 cases may contribute to delirium and 
possible cognitive deficits in the future [7].

The viral effect of COVID-19 creates, no matter how 
small or big it is [1, 6], a decrease in physical activity as a 
result of the isolation brought about by the pandemic [8, 9], 
and indirect effects such as loneliness [10, 11] have negative 
effects on the cognitive skills of individuals.

When the literature is reviewed, it is observed that due to 
the high rate of death and sequelae, COVID-19 studies have 
focused on the elderly population, and studies on the young 
population without serious disease have been insufficient. 
However, it is stated that COVID-19 might cause difficult-
to-notice deteriorations in cognitive skills such as memory, 
attention, and concentration although they do not affect daily 
life [12]. For all these reasons, it is of significance to design 
a study that evaluates the impact of COVID-19 on younger 
populations in detail. To the best of our knowledge, our study 
is the first one conducted on a young population with no 
serious symptoms. This study aims to evaluate the changes 
in cognitive skills after infection in young individuals who 
suffered from COVID-19 and did not have serious symptoms.

Materials and methods

This study was ethically and scientifically approved by 
the Istanbul Medipol University Non-Interventional Clini-
cal Research Ethics Committee with the decision number 
E-10840098–772.02–65,171 on December 10, 2020, and 
was registered on ClinicalTrials.gov (NCT04978246). Oral 
and written consents were obtained from the participants.

Patient description

This study was conducted on 100 volunteers who were 
employees of Medipol Mega Hospital and students of 

Istanbul Medipol University between December 2020 and 
June 2021. These individuals with or without COVID-19 
were divided into experimental (n = 50) and control group 
(n = 50). Criteria for inclusion in the experimental group 
are as follows: the patient must be between the ages of 18 
and 50, they must have a positive COVID-19 RT-PCR test 
result, a minimum of 21 and a maximum of 60 days must 
pass since the test date, and the patient must have no need 
for oxygen supplement and mechanical ventilation or no 
history of hospitalization. The participants in the control 
group were matched according to age, gender, and educa-
tion level of those in the experimental group. Those who 
had received treatments for cognitive dysfunctions and had 
been diagnosed with psychiatric disorders were excluded 
from the clinical study.

The severity of COVID-19 symptoms in the experimen-
tal group was classified as mild to moderate by using the 
WHO criteria [13]. There were no participants who were 
asymptomatic or diagnosed with pneumonia. No further 
tests (CT etc.) were required by the doctors working at the 
COVID-19 clinic. The  pO2 level could not be measured 
because the general health status of the individuals in the 
experimental group was good, and they did not need to 
go to the hospital. The individuals in the control group 
were not previously diagnosed with COVID-19, and it was 
confirmed from the government’s general health system.

Study design

All participants in the experimental group were assessed in 
detail for 21 to 60 days from the onset of the disease. All 
evaluations of the control group were performed during 
the study, and statistical analysis of the data of both groups 
was carried out. The following were used for the evalua-
tions: Global cognitive functions were evaluated via MoCA 
[14] and Clock-Drawing Test [15]; memory functions via 
Ö-VMPT [16]; attention span via Digits Forward and Back-
ward Tests [17]; executive functions via Verbal Fluency 
Test [18], Stroop Test [19], and Trail Making Test A and 
B (TMT-A and TMT-B) [20]; visual perceptual functions 
via ROCF test [21, 22]; and behavioral symptoms via NPI 
[23]. However, the participants in the experimental group 
were divided into two groups in terms of symptom severity, 
and the relationship between cognitive deficits and disease 
severity was analyzed.

Statistical analysis

SPSS 22.0 for Windows was used for statistical analysis. 
Categorical variables are given as numbers and percent-
ages for the descriptive statistics, and the other variables 
are presented as mean ± standard deviation and mini-
mum–maximum value. The conformity of the variables 
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to the normal distribution was checked with the Kolmogo-
rov–Smirnov test. The Mann–Whitney U test was used to 
compare the results of neuropsychometric evaluations that 
were not in accordance with the normal distribution, and 
two-sample t-test was used to compare those in accordance 
with the normal distribution. In all tests applied to the var-
iables, the significance level was accepted as p ≤ 0.05 and 
the confidence interval as 95%. The estimation of effect 
size was calculated with Cohen’s d. The effect size was 
interpreted as 0.2 low, 0.5 medium, and 0.8 large effect 
size [24].

Results

Demographic data of the participants in the experimental 
and control group are presented in Table 1. When the two 
groups were compared in terms of gender, age, and years of 
education, no significant difference was found (p > 0.05).

Neuropsychometric evaluation results of the experi-
mental and control group were compared. Partici-
pants in the experimental group showed worse perfor-
mances on MoCA Test (p = 0.000), Clock-Drawing Test 
(p = 0.004), Ö-VMPT Learning (p = 0.000), Delayed 
Recall (p = 0.002) and Recognition (p = 0.009) of the 
Ö-VMPT, Phonemic Fluency (p = 0.006) and TMT-A 
scores (p = 0.015), ROCF Copy (p = 0.040), Immediate 
Recall (p = 0.002) and Delayed Recall (p = 0.000), and 
Neuropsychiatric Inventory (p = 0.001). There were no 
significant differences between the two groups in Digits 
Forward and Backward Tests, Semantic Fluency, Stroop 
Time, Stroop Error, and TMT-B Tests (p > 0.05), but the 
participants in the experimental group performed worse 
in these tests compared to the control group. Cohen’s d 
was calculated to estimate an effect size and is high in 
MoCA and Ö-VMPT. It is moderate to small in the other 
tests which are significant according to p value. The 
details are presented in Table 2.

Comparison of neuropsychiatric characteristics, 
which are subparameters of NPI test, according to fre-
quency × severity score for both groups is given in Table 3. 

None of the patients reported complaints of delusions, ela-
tion/euphoria, disinhibition, and aberrant motor behavior; 
that is why they are not included in the table. It was found 
that the individuals in the experimental group experienced 
more significant changes in apathy (p = 0.016), sleep and 
night-time behavior (p = 0.001), and appetite and eating 
changes (p = 0.005) compared to the control group. Cohen’s 
d is moderate to small in sleep and night-time behavior, 
appetite and eating changes, hallucinations, anxiety, and 
apathy/indifference.

Classification of the experimental group by disease 
severity

The experimental group was divided into two subgroups: 
those with mild (n = 29) and those with moderate (n = 21) 
COVID-19 [13]. When the two groups were compared in 
terms of gender, age, and years of education, no significant 
difference was found (p > 0.05). Demographic characteris-
tics of the groups are given in Table 4.

Data on mild and moderate symptoms are provided in 
Table 5. Of the patients with mild symptoms, 20 had loss 
of taste and smell (28.2%), 16 had headache (22.5%), 15 
had myalgia (21.2%), 8 had fatigue (27.6%), 8 had cough 
(27.6%), 1 had a fever (1.4%), 2 had loss of appetite (2.8%), 
and 1 had diarrhea (1.4%). Of the patients with moderate 
symptoms, 20 had loss of taste and smell (14.6%), 13 had 
headache (15.9%), 13 had myalgia (15.9%), 6 had fatigue 
(7.3%), 12 had cough (14.6%), 17 had fever (20.7%), 2 had 
loss of appetite (2.4%), 2 had diarrhea (2.4%), and 5 had 
dyspnea (6.1%).

The neuropsychometric evaluation results (MoCA, 
Clock-Drawing Test, Ö-VMPT Learning, Delayed Recall 
and Recognition, Semantic Fluency and Phonemic Flu-
ency, Stroop Time and Stroop Error, TMT-A and TMT-
B, ROCF Copy, Immediate Recall and Delayed Recall, 
NPI) of the groups with mild and moderate COVID-19 
were compared. No significant difference was observed 
(p > 0.05). Cohen’s d is small in memory tests, phonemic 
fluency, and ROCF (Copy and Immediate Recall). The 
details are presented in Table 6.

Table 1  Demographic 
information of participants

One-way analysis of variance—SD: standard deviation; D.S.: during the study
* Data were analyzed with “chi-square test” and shown as “χ2” instead of “F”

Characteristics Study group (n = 50) Control group (n = 50) F df p

Mean ± SD Min–max Mean ± SD Min–max

Age (years) 27.18 ± 8.50 19–50 28.68 ± 9.82 18–50 1.213 1 0.410
*Sex, n (%) Male 17 (34) 19 (38) 0.694 1 0.532

Female 33 (66) 31 (62)
Education (years) 14.38 ± 2.82 5–18 14.00 ± 4.17 5–22 0.379 1 0.634
Evaluation day 32.18 ± 12.06 D.S
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The subparameters of the NPI evaluating neuropsy-
chiatric features were compared according to the groups 
with mild and moderate COVID-19. There was no sta-
tistical difference between them (p > 0.05). Cohen’s d is 
small in depression/dysphoria, apathy/indifference, and 
sleep and night-time behavior. The details are given in 
Table 7.

Discussion

Our study investigated the status of cognitive functions after 
infection in adults with COVID-19 who had mild to moder-
ate disease. We found that patients’ general cognitive skills, 
memory, executive functions, visual memory skills, and 
neuropsychiatric status were impaired. In addition, we found 

Table 2  Comparison of neuropsychometric evaluations

Mann–Whitney U test—IQR: interquartile range; SD: standard deviation; d: Cohen's d; MoCA: Montreal Cognitive Assessment Scale; 
Ö-VMPT: Öktem Verbal Memory Process Test; TMT-A and -B: Trail Making Test A and B; ROCF: Rey Osterrieth Complex Figure; NPI: Neu-
ropsychiatric Inventory
* Data were analyzed with “two-sample t-test” and shown as “t” instead of “U,” “df” instead of “Z”

Study group (n = 50) Control group (n = 50) U Z p d

Median
[IQR]

Mean ± SD Median
[IQR]

Mean ± SD

Global cognitive functions
  MoCA 25

[21–30]
    25.1 ± 2.47 27

[23–30]
  26.96 ± 1.76 703.5  − 3.801 0.000 0.867

  Clock Drawing 4
[2–4]

    3.64 ± 0.59 4
[3–4]

    3.92 ± 0.29 969  − 2.842 0.004 0.602

Memory functions
  Ö-VMPT Learning 123.5

[73–148]
121.36 ± 15.02 135

[115–146]
132.58 ± 7.34 614.5  − 4.385 0.000 0.949

  Ö-VMPT Delayed Recall 12.5
[7–15]

  12.26 ± 1.96 13
[12–15]

  13.44 ± 1.05 816.5  − 3.053 0.002 0.750

  Ö-VMPT Recognition 2
[0–7]

    2.32 ± 1.75 1
[0–3]

    1.42 ± 1.01 882  − 2.604 0.009 0.629

Attention functions
  Digits Forward 5.5

[3–8]
    5.78 ± 1.32 6

[4–8]
    5.98 ± 1.05 1125  − 0.889 0.374 0.167

  Digits Backward 4
[2–7]

    4.34 ± 1.09 4
[3–7]

    4.88 ± 0.81 1101.5  − 1.106 0.269 0.562

Executive functions
  *Semantic fluency 23

[8.35]
  22.90 ± 4.73 23.5

[14–40]
  23.90 ± 5.37  − 0.989 98 0.325 0.197

  *Phonemic fluency 40.5
[16–82]

  43.18 ± 15.72 50
[32–71]

  50.36 ± 9.28  − 2.781 98 0.006 0.556

  Stroop Time 29.5
[12–126]

  34.04 ± 19.20 30.5
[5–96]

  33.54 ± 15.03 1130  − 0.828 0.480 0.029

  Stroop Error 0
[0–5]

    0.58 ± 1.14 0
[0–3]

    0.24 ± 0.59 1102  − 1.387 0.165 0.374

  TMT-A 33
[15–97]

  34.54 ± 14.25 27
[13–49]

  28.12 ± 7.82 898  − 2.429 0.015 0.558

  TMT-B 69.5
[33–246]

  81.94 ± 41.60 63.5
[35–166]

       70 ± 25.76 1048  − 1.393 0.164 0.345

Visual perceptual functions
  ROCF Copy 36

[26.5–36]
       35 ± 1.66 36

[34–36]
    35.6 ± 0.67 990  − 2.058 0.040 0.474

  ROCF Immediate Recall 21.5
[7.5–31]

  19.97 ± 5.62 23.5
[14.33]

  23.63 ± 14.34 767  − 3.340 0.002 0.336

  *ROCF Delayed Recall 21.75
[10–35]

  20.65 ± 5.48 24.5
[13–33]

  24.51 ± 4.77  − 2.465 98 0.000 0.751

  NPI 12.50
[0–60]

  13.66 ± 11.47 6
[0–25]

    6.74 ± 7.04 751  − 3.464 0.001 0.727

796 Neurological Sciences (2023) 44:793–802



1 3

remarkable findings on the presence of apathy, sleep and night-
time behavior disturbances, and appetite and eating abnormali-
ties in patients with COVID-19, as well as the effect on general 

mood. When we compared the neuropsychometric evaluation 
results of the patients with mild and moderate disease, we 
found that there was no difference between the two groups.

Table 3  Evaluation of subparameters of Neuropsychiatric Inventory

Mann–Whitney U test—SD: standard deviation; d: Cohen’s d

Subparameters Study group
(n = 50)

Control group
(n = 50)

U Z p d

Median
[IQR]

Mean ± SD Median
[IQR]

Mean ± SD

Hallucinations 0
[0–0]

0.18 ± 0.90 0
[0–0]

0.02 ± 0.14 1224  − 0.607 0.544 0.248

Agitation/aggression 0
[0–0]

0.20 ± 1.41 0
[0–0]

0.14 ± 0.86 1226  − 0.560 0.576 0.051

Depression/dysphoria 0
[0–3.25]

1.94 ± 3.72 0
[0–4]

2.34 ± 2.99 1059.5  − 1.507 0.132 0.118

Anxiety 0
[0–6]

2.38 ± 3.39 0
[0–3.25]

1.66 ± 2.72 1335.5  − 0.893 0.372 0.234

Apathy/indifference 0
[0–2]

1.48 ± 2.94 0
[0–0]

0.40 ± 1.51 1022  − 2.402 0.016 0.462

Irritability/lability 0
[0–0]

0.72 ± 2.56 0
[0–0]

0.56 ± 2.02 1226.5  − 0.326 0.744 0.069

Sleep and night-time behavior disturbances 2.5
[0–8]

4.12 ± 4.86 0
[0–0.5]

1.26 ± 2.89 782.5  − 3.618 0.001 0.715

Appetite and eating abnormalities 0
[0–4]

2.76 ± 4.96 0
[0–0]

0.40 ± 1.32 948.5  − 2.82 0.005 0.650

Table 4  Demographic 
characteristics of mild-moderate 
disease

One-way analysis of variance—SD: standard deviation
* Data were analyzed with “chi-square test” and shown as “F” instead of “χ2”

Characteristics Mild (n = 29) Moderate (n = 21) F df p

Mean ± SD Min–max Mean ± SD Min–max

Age (years) 26.03 ± 7.51 19–48 28.71 ± 9.70 19–50 1.213 1 0.276
*Sex, n (%) Male 10 (34.5) 6 (28.6) 0.196 1 0.763

Female 19 (65.5) 15 (71.4)
Education (years) 14.55 ± 2.72 8–18 14.04 ± 3.04 5–18 0.379 1 0.541
Evaluation day 32.65 ± 11.93 21–60 31.38 ± 12.37 20–60 0.135 1 0.715

Table 5  Symptoms of mild-
moderate disease

Symptoms Mild (n = 29) Moderate (n = 21)

n % of symptoms % of cases n % of symptoms % of cases

Loss of taste and smell 20 28.2 69.0 12 14.6 57.1
Headache 16 22.5 55.2 13 15.9 61.9
Myalgia 15 21.1 51.7 13 15.9 61.9
Fatigue 8 11.3 27.6 6 7.3 28.6
Cough 8 11.3 27.6 12 14.6 57.1
Fever 1 1.4 3.4 17 20.7 81.0
Loss of appetite 2 2.8 6.9 2 2.4 9.5
Diarrhea 1 1.4 3.4 2 2.4 9.5
Dyspnea 5 6.1 23.8
Total 71 100 244.8 82 100 390.5

797Neurological Sciences (2023) 44:793–802



1 3

Although the effect of COVID-19 on CNS is not well 
known [1, 25], it is stated that post-infection neurological 
symptoms are observed at a rate of 36.4% [3] and may cause 
permanent or temporary impairments in cognitive functions 
[26]. Many studies in the literature have noted that the global 
cognitive skills of individuals with COVID-19 are declin-
ing [27–29]. Being suspected or confirmed to have picked 
up COVID-19 and recovered, 84,285 individuals of various 

age groups, with various disease severity, comorbidities, and 
educational level, were assessed online in a study in the UK. 
The study, in which the mean age of the participants was 
46, indicated that there was a decrease in the general cog-
nitive performance of the individuals receiving treatment. 
Although it was stated that the results were proportional to 
the level of treatment, a significant decrease was found in the 
global cognitive performance of everyone with or without 

Table 6  Comparison of the neuropsychometric evaluation results between mild and moderate disease

Mann–Whitney U test—IQR: interquartile range; SD: standard deviation; d: Cohen’s d; MoCA: Montreal Cognitive Assessment Scale; 
Ö-VMPT: Öktem Verbal Memory Process Test; TMT-A and -B: Trail Making Test A and B; ROCF: Rey Osterrieth Complex Figure; NPI: Neu-
ropsychiatric Inventory

Mild (n = 29) Moderate (n = 21) U Z p d

Median
[IQR]

Mean ± SD Median
[IQR]

Mean ± SD

Global cognitive functions
  MoCA 26

[23.5–27]
25.27 ± 2.57 25

[23–27]
24.85 ± 2.37 270  − 0.684 0.494 0.169

  Clock Drawing 4
[3–4]

3.68 ± 0.54 4
[3–4]

3.57 ± 0.67 282.5  − 0.539 0.590 0.180

Memory functions
  Ö-VMPT Learning 124

[116.5–130.5]
123.17 ± 13.79 122

[109.5–131.5]
118.85 ± 16.6 273  − 0.620 0.535 0.283

  Ö-VMPT Delayed Recall 13
[11.5–14]

12.48 ± 2.08 12
[10.5–13.5]

11.95 ± 1.80 239  − 1.304 0.192 0.272

  Ö-VMPT Recognition 2
[1–3]

2.17 ± 1.89 2
[1.5–3]

2.52 ± 1.57 253  − 1.032 0.302 0.201

Attention functions
  Digits Forward 6

[5–7]
5.86 ± 1.30 5

[5–7]
5.66 ± 1.39 281  − 0.476 0.634 0.148

  Digits Backward 4
[4–5]

4.37 ± 0.98 4
[3.5–5]

4.28 ± 1.27 295  − 0.198 0.843 0.079

Executive functions
  Semantic Fluency 22

[20–25.5]
23.10 ± 5.01 24

[21–25.5]
22.61 ± 4.41 285  − 0.385 0.701 0.103

  Phonemic Fluency 40
[33.5–55]

44.65 ± 16.5 41
[26.5–55]

41.14 ± 14.70 277  − 0.541 0.589 0.224

  Stroop Time 31
[22.5–38.5]

33.65 ± 17.89 27
[23–36.5]

34.57 ± 21.33 299.5  − 0.098 0.922 0.046

  Stroop Error 0
[0–1]

0.58 ± 1.18 0
[0–1]

0.57 ± 1.12 303  − 0.037 0.970 0.008

  TMT-A 33
[26.5–38]

35.2 ± 11.92 31
[22.5–37]

33.61 ± 17.25 262.5  − 0.827 0.408 0.107

  TMT-B 65
[57.5–80]

79.79 ± 44.3 75
[56–104]

84.90 ± 38.43 265  − 0.777 0.437 0.123

Visual perceptual functions
  ROCF Copy 36

[34.5–36]
34.86 ± 1.99 35

[35–36]
35.19 ± 1.07 301.5  − 0.064 0.949 0.206

  ROCF Immediate Recall 18.5
[15.75–24]

19.36 ± 6.06 22
[18–24.5]

20.80 ± 4.98 265  − 0.778 0.437 0.259

  ROCF Delayed Recall 22
[16–24]

20.67 ± 5.35 21
[15–26]

20.61 ± 5.78 295  − 0.187 0.852 0.010

  NPI 11
[3.5–20]

13.13 ± 12.63 13
[6.5–23.5]

14.38 ± 9.9 272  − 0.640 0.522 0.110
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respiratory problems [27]. In another study conducted on 
individuals whose cognitive skills were measured before 
the pandemic and whose mean age was 62.6 years, it was 
reported that there was a 4-point decrease in MoCA scores 
of those who survived the disease with mild symptoms, and 
there were EEG findings supporting this in some cases [28]. 
When the literature is reviewed, it is observed that the stud-
ies are conducted in the advanced age group, and there is a 
decrease in the global cognitive performance of individuals 
with mild or severe COVID-19 [28–30]. Although, unlike 
most of the literature, this study was performed in the young 
population, the fact that the global skills, which we evaluated 
through MoCA and clock drawing, significantly decreased 
in individuals with COVID-19 compared to those without 
is in line with most studies.

Although it is stated that the neurological symptoms of 
COVID-19 are common, the incidence, duration, and under-
lying neural basis of cognitive abilities are not fully known. 
However, it is said that the hippocampus is particularly vul-
nerable to coronavirus infection, which can increase post-
infection memory disorders [30–33] and accelerate degener-
ative diseases such as Alzheimer’s [33]. It is also underlined 
that memory is one of the cognitive skills most affected after 
COVID-19 [31]. In addition to the neural effect of infec-
tion on memory, some studies report that loneliness, which 
is the result of isolation during the pandemic, also affects 
memory skills [11]. Although the cause is not known clearly, 
the results of our study, in which we recorded a decrease in 
memory and especially verbal learning skills after COVID-
19, strengthened the widespread view in the literature.

It has been noted that there are different results regarding 
the effects of COVID-19 on attention skills in the literature. 
Hampshire et al. [27] found that the digit span test was not 
effective in hospitalized COVID-19 patients receiving res-
piratory support, but was significantly effective in patients 
who did not need respiratory support although they had res-
piratory symptoms in the hospital or at home, and had no 
respiratory symptoms. Hosp et al. [28] also observed dete-
rioration in the digits backward in most of the COVID-19 
patients showing cognitive impairment symptoms according 
to MoCA. Zhou et al. [34] showed that there was a deteriora-
tion in continuous attention skill, although they did not find a 
significant difference in the digit span test, and that there was 
a relationship between the C-reactive protein level and the 
reaction time in the attention test. In a systematic study com-
piled from studies whose participants had a mean age of over 
60, with the exception of one, it was stated that the increase 
in TNFα and IL-1β, which impair neural firing, might affect 
attention, although no definite conclusions could be reached 
[35]. In our study on the patients who did not receive respir-
atory support, we did not find a significant difference in the 
digits forward, which measures span of attention, short-term 
and working memory between the patients with COVID-19 
and the healthy control group. Considering other studies in 
the literature, it is understood that it is difficult to reach a 
consensus about the effects of COVID-19 on attention skills 
since the participants consisted of the elderly population and 
factors such as the types of attention evaluated, the severity 
of the disease, the presence of oxygen demand, and the level 
of infection differ [26, 27, 30, 34].

Table 7  Evaluation of subparameters of Neuropsychiatric Inventory between mild and moderate disease

Mann–Whitney U test—SD: standard deviation; d: Cohen’s d; N/A: not applicable

Subparameters Mild (n = 29) Moderate (n = 21) U Z p d

Median
[IQR]

Mean ± SD Median
[IQR]

Mean ± SD

Hallucinations 0
[0–0]

0.31 ± 1.16 0
[0–0]

0.00 ± 0.00 283.5  − 1.216 0.224 N/A

Agitation/aggression 0
[0–0]

0.34 ± 1.18 0
[0–0]

0.00 ± 0.00 294  − 0.851 0.395 N/A

Depression/dysphoria 0
[0–6]

2.41 ± 3.5 0
[0–0]

1.29 ± 3.5 252.5  − 1.292 0.196 0.320

Anxiety 0
[0–4]

2.14 ± 3.12 0
[0–6]

2.71 ± 3.78 285.5  − 0.417 0.676 0.164

Apathy/indifference 0
[0–2.5]

1.79 ± 3.36 0
[0–1]

1.05 ± 2.24 285  − 0.497 0.619 0.259

Irritability/lability 0
[0–0]

0.59 ± 1.84 0
[0–0]

0.90 ± 3.34 302.5  − 0.076 0.940 0.114

Sleep and night-time behavior disturbances 0
[0–6]

3.14 ± 4.24 4
[0–10]

5.48 ± 5.41 219  − 1.749 0.080 0.481

Appetite and eating abnormalities 0
[0–2.5]

2.44 ± 4.87 0
[0–6]

3.05 ± 5.19 300  − 0.105 0.916 0.121
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It was observed in previous studies that executive func-
tions were evaluated as a subsection of a screening test or 
with one or more detailed tests [26, 34]. Despite the differ-
ences in methodology, it was mentioned in most studies that 
executive functions were most impacted after COVID-19 [4, 
31, 36]. On the other hand, Zhou et al. found no difference 
in the executive functions evaluated using the TMT in the 
COVID-19 group compared to the control group [34]. In 
our study, we also found significant differences in phone-
mic fluency and TMT-A results in the experimental group 
compared to the healthy control group. It has been reported 
in the literature that cognitive deficits that occur after infec-
tion could be affected by many factors. Almeria et al. [26] 
suggested that oxygen demand is associated with deficits in 
executive functions, while Alemanno et al. [2] stated that age 
is associated with cognitive disorders. It is also one of the 
points underlined that the heterogeneity in the study meth-
odologies makes it difficult to make a final decision [37].

While the impact of COVID-19 on memory, attention, 
and executive functions has been extensively studied, studies 
on visual perception appear to be limited. Hampshire et al. 
[27] found that the visual attention performance of COVID-
19 patients was significantly affected. Zhou et al. [34], how-
ever, did not find any significant differences in the results of 
tests evaluating visual perception and visual memory perfor-
mance. Our study concluded that visual perceptual functions 
measured using the ROCF test were significantly affected. 
The low copying performance shows that the planning abil-
ity is also affected. In addition, the significant deterioration 
observed in the Clock-Drawing Test results supports this. 
Our results clearly show that visual structuring skills, visual 
attention, and memory are affected in people suffering from 
COVID-19. However, more studies evaluating visual per-
ceptual skills are needed in the literature.

As a result of studies on the neuropsychiatric condition in 
COVID-19, post-traumatic stress disorder [36, 38], depres-
sion [2, 39, 40], anxiety, obsessive–compulsive symptoms, 
and insomnia [40] symptoms were observed in people 
following the disease [41]. Our study found that the NPI 
scores questioning behavioral symptoms such as depression, 
anxiety, and apathy in the individuals with COVID-19 were 
highly significantly affected compared to the healthy control 
group, and especially apathy, sleep and night-time behav-
iors, and appetite and eating changes made a significant 
difference. We believe that the reason why depression and 
anxiety did not make a significant difference in the healthy 
control group is related to the fact that the pandemic process 
causes stress, depression, and anxiety [42] in the general 
population.

As stated in most of the published studies in the lit-
erature, the association between cognitive impairment 
and disease-related variables such as disease severity has 
been researched [43–45]. However, no consensus has been 

reached. Manera et al. [43] stated that mild-to-moderate 
patients requiring assistive ventilation who however did not 
admit to an ICU were more likely to suffer from cognitive 
deficits. As mentioned in another study, a mild or moder-
ate COVID-19 infection may be associated with cognitive 
impairments [44]. In addition, Mattioli et al. [45] stated 
that there is not any cognitive impairment in mild and mod-
erate symptoms of COVID-19 patients who did not require 
any oxygen support. With this study, we analyzed whether 
there is a relationship between disease severity and cogni-
tive impairment in the study group which consisted of the 
individuals with COVID-19 infection that did not require 
any respiratory support and oxygen support. There was no 
significant relationship between cognitive skills and dis-
ease severity parallel to the results of the Mattioli et al. 
study.

We reviewed the literature and found that the studies eval-
uating the effect of COVID-19 on cognitive functions were 
insufficient to make a judgment, and no study conducted 
with the young population was found. Our study differs from 
the others in that the sample group was young, all patients 
had the disease process at home, there were no patients with 
severe disease, and no one received respiratory support. We 
believe that our research will shed light on the literature by 
establishing its original value with all these aspects.

Limitations

The limitation of our study is that the cognitive and psy-
chological state of the participants in the experimental 
group before they picked up the disease was not known. 
Besides, due to time constraints, the participants could not 
be subjected to a method requiring more sample groups, or 
a classification according to whether they received medical 
treatment or to the types of antiviral treatment they received. 
However, we believe that it would be better to make this 
distinction to distinguish the effects of medical treatment 
on cognitive functions.

Conclusion

It is stated that COVID-19 can affect CNS and the cognitive 
skills of individuals. Studies on the elderly population have 
shifted the focus to this segment because of greater effects. 
The results of our study demonstrate that the cognitive skills 
of young individuals with mild to moderate COVID-19 
infection may be affected in the acute phase, independent 
of disease severity, pointing to the lack of data on this sub-
ject. The long-term consequences of the cognitive effects 
of COVID-19 that we observe in the acute phase should 
be investigated with randomized, more comprehensive, and 
well-designed studies.
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