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Abstract
Coronavirus disease 2019 (COVID-19) affects numerous systems of the body during the illness, and there have been long-
lasting effects. BDNF plays an important role in synaptic plasticity and synaptic communication. According to the inclusion 
and exclusion criteria, 54 patients who had COVID-19 infection participated in this study. Thirty-six age-, sex-, body mass 
index (BMI)-, education level- and smoking status-matched healthy controls were included in the present study. All partici-
pants were individually administered the Stroop test and Visual Aural Digit Span Test Form B (VADS-B). Serum BDNF 
levels were measured by ELISA. Stroop test word reading spontaneous correction number and reading time, word color 
saying wrong number, spontaneous correction number and reading time, box color speaking spontaneous correction number 
and reading time, Stroop interference and speed factor duration were significantly higher in the COVID-19 group than in 
the control group. All scores of the VADS-B test were found to be significantly lower in the COVID-19 group. The mean 
serum BDNF levels were found to be 10.9 ± 6.9 ng/ml in the COVID-19 group and 12.8 ± 6.4 ng/ml in the healthy control 
group. Two-way ANOVA showed that the serum mean BDNF level was significantly lower in the COVID-19 group than 
in the control group. Gender had a significant effect on BDNF levels (F = 12.21; p = 0.008). The present study is the first to 
demonstrate the association between the role of serum BDNF and cognitive decline in patients with COVID-19 infection. 
Additionally, there is a significant role of male gender in terms of lower BDNF level and cognitive decline.
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Introduction

Severe acute respiratory syndrome (SARS-CoV-2) first 
appeared in Wuhan, China, in December 2019 and has 
been defined as coronavirus disease 2019 (COVID-19). 
COVID-19 was declared a pandemic by the World Health 
Organization (WHO) on March 11, 2020 [1]. COVID-19 
affects numerous systems of the body during the course of 
the illness, and there have been long-lasting effects of the 
disease after recovery. It has been well established that cog-
nitive deficits can be seen during the illness, and moreover, 
cognitive problems have also been reported to be seen after 
recovery [2].

The most common neurological symptoms in COVID-19 
are headache, dizziness, anosmia, fatigue, myalgia, anorexia 
and ageusia. Severe neurological manifestations include 
confusion, seizures, cerebrovascular diseases, meningoen-
cephalitis, acute necrotizing encephalopathy, posterior 
hemorrhagic encephalopathy syndrome, myopathy, radicu-
lopathy, cerebellar ataxia, myoclonus and Guillain–Barre 
syndrome [3, 4]. The most common psychiatric symptoms 
of COVID-19 are as follows: depression, anxiety, sleep dis-
orders, chronic fatigue syndrome and posttraumatic stress 
disorder symptoms [5]. Additionally, cognitive symptoms 
have recently been addressed [6].

SARS COV-2 binds to the ACE-2 receptor and enters epi-
thelial cells in the lung. The S protein is cleaved by proteases 
such as TMPRSS2, cathepsin G, trypsin or disintegrin, and 
metalloprotease 17 (ADAM17) to facilitate viral entry. As 
a result, ACE-2 receptors are blocked. When ACE-2 activ-
ity is lost, the levels of angiotensin 1–7 and angiotensin 
1–9 decrease. Based on these decreases, MAS/G protein-
dependent receptors cannot be activated, vasodilation cannot 
occur, and cell protective mechanisms cannot be activated. 
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All these mechanisms result in vasoconstriction, fibrosis, 
proliferation and atherogenesis, which are significantly 
associated with thrombophilia, microthrombosis, alveolar 
epithelial damage and respiratory failure [7].

BDNF is a protein member of the neurotrophin family, 
which includes neurotrophin 3 and neurotrophin 4. BDNF 
plays an important role in synaptic plasticity and synaptic 
communication [8]. The neurotrophic functions of BDNF 
are associated with memory, learning, sleep, appetite and 
neuronal survival. It is also well established that BDNF 
plays a critical role in hippocampal long-term potentia-
tion (LTP), which is a long-term result of synaptic activity 
[9]. BDNF participates in many neurophysiological pro-
cesses [10]. Angiotensin 1–7, which is produced by ACE-2, 
increases BDNF levels through the MAS receptor/PI3K/Akt/
BDNF pathway. Given the decrease in the activity of ACE-2 
receptors in the brain in COVID-19 patients, the level of 
BDNF may decrease, which causes neurodegeneration [11].

In the present study, we aimed to investigate whether 
there might be an association between cognitive impairment, 
which has been observed after mild COVID-19 infection, 
and serum BDNF levels.

Methods

Participants

The present study was conducted at Tekirdağ Namık Kemal 
University Hospital, Department of Psychiatry, between July 
1, 2021, and January 1, 2022. The inclusion criteria were 
as follows: (1) a positive COVID-19 PCR test during the 
disease period and two negative tests postdisease, (2) having 
had mild disease according to the WHO's COVID-19 disease 
severity classification, (3) being between the ages of 18 and 
50, (4) having a minimum education of 12 years, (5) having 
a BMI ≥ 18 and < 30 and (6) volunteering to participate in 
the study. The exclusion criteria included: (1) having a score 
above 7 on the Hamilton Depression Scale (HAM-D), (2) 
having a score of 6 or above on the Hamilton Anxiety Rating 
Scale (HAM-A), (3) having a psychiatric illness or a previ-
ous psychiatric illness and treatment, (4) having an alcohol 
or substance use disorder or a history of alcohol or substance 
use, (5) having current neurological disease or a history of 
neurological disease, (6) being treated with antidepressant, 
antipsychotic, mood stabilizer, antiepileptic, benzodiazepine 
and other drugs that may affect neurocognitive test evalua-
tion, (7) presence of a known chronic inflammatory disease, 
cancer or autoimmune disease, (8) having acute or chronic 
infectious disease, (9) having a history of head trauma, (10) 
having a disease that increases intracranial pressure, (11) 
having a physical disease that affects the main organs of the 
body or that prevented neurocognitive testing, (12) presence 

of a defect in visual function that could not be corrected with 
lenses, (13) diagnosis of color blindness, (14) presence of a 
known allergy. According to the inclusion and exclusion cri-
teria, 54 patients who had COVID-19 infection participated 
in the study. Thirty-six age-, sex-, BMI-, education level- 
and smoking status-matched healthy controls were included 
in the study. The inclusion criteria for healthy controls were 
as follows: (1) having no history of COVID-19 infection, 
(2) being between the ages of 18–50, (4) having a minimum 
education of 12 years, (5) having a BMI ≥ 18 and < 30 and 
(6) volunteering to participate in the study. The exclusion 
criteria for healthy controls were the same as those for the 
COVID-19 group. All participants were vaccinated with the 
BNT162b2 mRNA COVID-19 vaccine.

Assessment tools

Sociodemographical Form

This form was designed based on the literature. The form 
consisting of a total of 19 questions prepared in order to col-
lect demographic information about the participants in the 
COVID-19 and healthy control groups and was completed 
by the researcher for all participants.

Hamilton Depression Rating Scale

The Hamilton Depression Rating Scale (HDRS) was estab-
lished in 1960. It uses the 5-level rating method of 0 to 4 
points. The total score is 0–78, and the depression level can 
be divided as follows: < 8 means no depression, 8–17 means 
possible depression, 18–24 means mild to moderate depres-
sion and > 24 means severe depression [12].

Hamilton Anxiety Rating Scale

The HAMA-14 is one of the most commonly used clini-
cian-rated measurements of anxiety in studies of depression. 
The HAMA-14 is rated from 0 to 4 with general guidelines 
provided for distinguishing stagewise anxiety severity. It 
is a reliable and valid measure of the severity of anxiety 
in depressed patients and has become the standard in this 
field. A score higher than 7 indicates the presence of anxiety 
symptoms [13].

Neuropsychological tests

All participants in our study were individually administered 
the Stroop test and Visual Aural Digit Span Test Form B 
(VADS-B) by a supervised test practitioner to evaluate cog-
nitive function.
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Stroop test

The Stroop test was first developed by Stroop in 1935 as 
a neuropsychological test that measures focused attention, 
selective attention, response inhibition, resistance to inter-
ference and information processing speed in order to assess 
frontal lobe functions [14]. The reliability and validity study 
of the Turkish version of the Stroop test was performed by 
Karakaş et al. in 1999 [15]. The Stroop test consists of 5 
cards, which are used as follows: In the 1st part, the subjects 
are asked to read the names of colors printed in black ink on 
the 1st card; in the 2nd part, they are asked to read the names 
of colors printed in colors different from the cards them-
selves as presented on the 2nd card; in the 3rd part, they are 
asked to say which color the colored circles are as presented 
on the 3rd card; in the 4th part, they are asked to say some 
neutral words printed in different colors; and finally, in the 
5th part, they are asked to name the colors of the mismatch-
ing words printed in colors different from themselves. In 
each part, the total time for a subject to read words or say the 
colors, the number of correct answers, the number of errors 
and the number of spontaneous corrections are calculated. 
The Stroop interference score is calculated as the difference 
of 3 points, which is obtained by subtracting the duration of 
the 3rd part from that of the 5th part. The reading time of 
the 1st card with the color names printed in black, that is, 

the duration of the first part, shows the basic level of reading 
speed and is calculated as the speed factor [14].

Visual Aural Digit Span Test Form B (VADS‑B)

The Visual Aural Digit Span Test Form B (VADS-B) is a neu-
ropsychological test developed by Karakaş et al. based on the 
Visual Aural Digit Span test developed by Koppitz for use 
in children in 1977 to measure the attention and short-term 
memory function of the hippocampus and prefrontal cortex 
regions of the brain. One of the validity and reliability stud-
ies of the VADS-B was conducted by Karakaş et al. in 1995 
[16]. The VADS-B is a test in which visual and aural stimuli 
are given and responses are received both orally and in writ-
ing. The VADS-B consists of consecutive number sequences, 
with the shortest sequence consisting of 2 numbers and the 
longest sequence consisting of 9 numbers. When the number 
sequences are repeated incorrectly, the subject is given a sec-
ond try. This test consists of four subtests: aural oral (AO), 
visual oral (VO), aural written (AW) and visual written (VW). 
The VADS-B has a total of 11 points. Four of these scores 
consist of the basic scores obtained from each subtest, namely, 
AO, VO, AW and VW, and 6 of them are related to the com-
bined scores of the aural input score (AO + AW), visual input 
score (VO + VW), oral expression score (AO + VO), written 
expression score (AW + VW), intrasensory integration score 
(AO + VW) and intersensory integration score (VO + AW). 

Table 1   Comparisons of basic characteristics of groups

a Mann–Whitney U test
b Chi-square test or Fisher’s exact test

Control group (n = 36) Case group (n = 54) p

Mean. ± sd/n-% Median Mean. ± sd/n-% Median

Age 28.5 ± 5.4 28.0 29.9 ± 6.9 29.0 0.400a

Gender Female 22 61.1% 31 57.4% 0.726b

Male 14 38.9% 23 42.6%
Weight 67.0 ± 13.2 62.5 69.6 ± 14.0 69.0 0.426a

Length 170.8 ± 7.5 170.0 169.8 ± 8.9 167.5 0.386a

BMI 22.8 ± 3.0 22.2 24.0 ± 3.4 23.9 0.115a

Marital status
 Married 9 25.0% 16 29.6% 0.631b

 Single 27 75.0% 37 68.5%
 Divorced 0 0.0% 1 1.9%

smoking status 7 19.4% 11 20.4% 0.914b

History of alcohol use 0 0.0% 0 0.0% 1.000b

History of Substance Use 0 0.0% 0 0.0% 1.000b

Psychiatric Illness 0 0.0% 0 0.0% 1.000b

Use of Psychiatric Drug 0 0.0% 0 0.0% 1.000b

History of Psychiatric Illness 0 0.0% 0 0.0% 1.000b

Hamilton Anxiety Rating Scale 0.28 ± 0.81 0.00 0.31 ± 1.02 0.00 0.849b

Hamilton Depression Rating Scale 0.06 ± 0.33 0.00 0.15 ± 0.76 0.00 0.791b
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The total score is calculated as follows: AO + VO + AW + VW. 
A maximum of 9 points can be obtained for each subtest, a 
maximum of 18 points for each combined test and a maximum 
of 36 points in total [14].

Serum BDNF measurement

Peripheral blood samples (5–8 ml) were collected in a red-
capped gel tube between 08:00 and 10:00 in the morning after 
8 h of fasting. All peripheral blood samples were centrifuged at 
1000 rpm for 15 min to obtain serum, and the obtained serum 
samples were stored in a deep freezer (− 80 °C). Serum BDNF 
levels were measured by ELISA. A commercial ELISA kit 
(Catalog No: E1302Hu) from Bioassay Technology Labora-
tory (Shanghai Korain Biotech Co., Ltd. Shanghai, China) was 
used for this measurement. The mass was measured using the 
sandwich ELISA principle.

Statistical analysis

Power analysis was used to determine the sufficiency of the 
sample size for the study. For the comparison of patient and 
control groups, the Mann‒Whitney U test was performed for 
two independent samples. Additionally, the normal distribu-
tion assumptions were checked by using the Shapiro‒Wilks 
normality test. In correlation analysis, Spearman's coefficient 
of correlation was used for non-normally distributed data or 
ranked data. Otherwise, Pearson's coefficient of correlation 
can be used for normally distributed data. Statistical analyses 
were performed using SPSS version 23.0 (SPSS Inc., Chicago, 

IL, USA). Two-way ANOVA was used to compare serum 
BDNF levels between groups. Specifically, sex and group 
were selected as fixed factors, and the serum BDNF value was 
selected as the dependent variable. A post hoc Tukey test was 
used for comparisons.

Power analysis

To calculate the power of the study, the Mann‒Whitney U test 
results were used. The effect size was derived by G*Power sta-
tistical software. The sample size of 72 achieved 91.6% power 
to detect an effect size of 0.83 using a Mann‒Whitney U test 
with a significance level (alpha) of 0.05. A sample size of 90 
was considered, and the power was approximately 96% at the 
alpha level.

Results

Sociodemographical and clinical care

There was no significant difference between the two 
groups in terms of sociodemographic characteristics 
and HAM-D and HAM-A scores. The data are shown in 
Table 1.

The COVID-19 clinical characteristics are presented 
in Table 2. The duration of recovery was found to be as 
follows: 35 (64.8%) patients had COVID-19 6–12 months 
before participating in the study (Table 2).

Table 2   Clinical data of 
COVID-19

n % (%)

Number of COVID-19 infections I 53 98.1
II 1 1.9

Time passed after COVID-19 1–3 months 7 13.0
3–6 months 6 11.1
6 months-1 year 35 64.8
More than a year 6 11.1

Symptoms of COVID-19 (During Infection) Muscle pain 27 50.0
Weakness 22 40.7
Throat Ache 16 29.6
Cough 15 27.8
Headache 14 25.9
Fever 13 24.1
Loss of taste and smell 12 22.2
Diarrhea 3 5.6

History of COVID-19 treatment Favipiravir 43 79.6
Enoxaparin Sodium 24 44.4
Hydroxychloroquine 5 9.3
Acetylsalicylic acid 2 3.7
None 8 14.8
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Comparisons of neuropsychological tests

Stroop test word reading spontaneous correction num-
ber and reading time, word color saying wrong number, 

spontaneous correction number and reading time, box 
color speaking spontaneous correction number and read-
ing time, Stroop interference and speed factor duration 
were significantly higher in the COVID-19 group than in 

Table 3   Comparisons of data of 
Stroop and VADS-B tests

Mann–Whitney U test
Significant values are presented in bold characters

Control group (n = 36) Case group (n = 54) p

Mean ± sd Median Mean. ± sd Median

Stroop
 Word Reading
  Number of correct word 48.0 ± 0.0 48.0 48.0 ± 0.1 48.0 0.414
  Number of wrong word 0.00 ± 0.00 0.00 0.02 ± 0.14 0.00 0.414
  Spontaneous correction 0.00 ± 0.00 0.00 0.13 ± 0.39 0.00 0.040

Reading time 16.3 ± 2.7 15.7 19.1 ± 3.7 18.3  < 0.001
 Saying The Word’s Color
  Number of correct word 48.0 ± 0.2 48.0 47.5 ± 1.1 48.0 0.06
  Number of wrong word 0.03 ± 0.17 0.00 0.46 ± 1.13 0.00 0.023
  Spontaneous correction 0.33 ± 0.68 0.00 0.78 ± 0.92 1.00 0.009
  Saying time 28.5 ± 5.0 28.5 36.2 ± 10.8 33.0  < 0.001

 Saying The Box's Color
  Number of correct word 24.0 ± 0.0 24.0 23.9 ± 0.4 24.0 0.246
  Number of wrong word 0.0 ± 0.0 0.0 0.1 ± 0.4 0.0 0.246
  Spontaneous correction 0.0 ± 0.0 0.0 0.2 ± 0.4 0.0 0.010
  Saying time 10.2 ± 1.3 10.0 12.1 ± 2.2 11.7  < 0.001

Interference 8.0 ± 3.8 8.3 11.7 ± 6.3 9.7 0.010
  The speed factor 7.9 ± 1.2 7.7 9.3 ± 1.5 9.1  < 0.001

VADS-B 
 Aural Oral 6.3 ± 1.0 6.0 5.7 ± 1.1 6.0 0.018
 Visual Oral 6.6 ± 0.9 7.0 5.9 ± 1.2 6.0 0.015
 Aural Written 6.7 ± 1.1 6.0 5.6 ± 1.2 5.0  < 0.001
 Visual Written 7.2 ± 1.2 7.0 6.4 ± 1.5 6.5 0.010
 Aural Input Score 13.0 ± 1.9 13.0 11.4 ± 2.0 11.0  < 0.001
 Visual Input Score 13.8 ± 1.7 14.0 12.4 ± 2.4 12.0 0.005
 Oral Expression  Score 12.9 ± 1.7 13.0 11.7 ± 2.1 11.5 0.004

Written Expression Score 13.9 ± 1.9 14.0 12.1 ± 2.4 12.0  < 0.001
 Intrasensory Integration Score 13.5 ± 1.7 14.0 12.2 ± 2.2 12.5 0.003
 Intersensory Integration Score 13.3 ± 1.8 13.0 11.6 ± 2.1 11.0  < 0.001
 Total Score 26.8 ± 3.2 27.0 23.7 ± 4.0 24.0  < 0.001

Table 4   Comparisons of serum 
BDNF levels

a Mann–Whitney U test, cTwo-way ANOVA, BDNF level was selected as an independent factor, and sex 
and group were administered as fixed factors. Gender had a significant effect on BDNF levels (F = 12.21; 
p = 0.008)
Significant values are presented in bold characters

Control group (n = 36) Case group (n = 54) p

Mean. ± sd/n-% Median Mean. ± sd/n-% Median

Serum BDNF Level (ng/ml) 12.8 ± 6.4 15.4 10.9 ± 6.9 8.9 0.044c

Serum BDNF Level (ng/ml) (Male) 12.4 ± 6.9 10.8 8.8 ± 6.2 6.7 0.037a

Serum BDNF Level (ng/ml) (Female) 11.68 ± 6.9 11 10.22 ± 6.9 10 0.067a
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the control group (p < 0.05). All scores of the VADS-B 
test were found to be significantly lower in the COVID-19 
group than in the control group (p < 0.05). Stroop test and 
VADS-B test data are shown in Table 3.

Comparison of serum BDNF levels

The mean serum BDNF level was selected as an independ-
ent factor, and sex and group were administered as fixed 
factors. BDNF levels were found to be 10.92 ± 6.91 ng/
ml in the COVID-19 group and 12.83 ± 6.41 ng/ml in the 
healthy control group. Gender had a significant effect on 
BDNF levels (F = 12.21; p = 0.008). Two-way ANOVA 
showed that the serum mean BDNF level was significantly 
higher in the COVID-19 group than in the control group 

(F = 12.22; p = 0.044). A comparison of the serum BDNF 
levels of the two groups is shown in Table 4 (Table 4).

Correlation analysis

There were no significant correlations between neurocog-
nitive tests and serum BDNF levels in female participants 
in case group. In male participants, there were significant 
negative correlations between Stroop Word Reading (num-
ber of correct word and reading time), Stroop Saying The 
Word’s Color (number of correct word), Stroop Saying 
The Box’s Color (number of correct word and reading 
time) and speed factor duration and serum BDNF level 
(Table 5). There were not any correlations between both 
female and male groups’ neurocognitive tests and serum 
BDNF level in control group (Table 6). There were not 
any significant correlations between the scores of HDRS, 
HAMA-14, times passed after COVID-19 and serum 

Table 5   Correlation between 
neuropsychological test scores 
and serum BDNF levels in the 
case group

Spearman Correlation
Significant values are presented in bold characters

Serum BDNF level (ng/ml)

Female (n = 22) Male (n = 14)

r p r p

Stroop Word Reading Number of correct word 0.060 0.701 − 0.481 0.031
Number of wrong word − 0.061 0.743 0.142 0.442
Spontaneous correction − 0.012 0.948 0.028 0.900
Reading time − 0.285 0.120 − 0.555 0.001

Stroop Saying The Word’s Color Number of correct word 0.284 0.121 0.532 0.003
Number of wrong word − 0.284 − 0.121 − 0.072 0.744
Spontaneous correction − 0.087 0.640 0.063 0.775
Saying time − 0.200 0.282 0.010 0.964

Stroop Saying The Box’s Color Number of correct word − 0.073 0.695 − 0.513 0.001
Number of wrong word 0.073 0.695 0.192 0.481
Spontaneous correction − 0.134 0.472 0.028 0.900
Saying time − 0.171 0.358 − 0.491 0.003

Interference − 0.128 0,494 − 0.505 0.033
The Speed Factor − 0.266 0,148 − 0.211 0.333
VADS Aural Oral − 0.020 0.196 0.115 0.601

Visual Oral 0.211 0.255 0.227 0.297
Aural Written 0.060 0.747 0.176 0.421
Visual Written 0.029 0.877 0.185 0.399
Aural Input Score − 0.056 0.766 0.142 0.517
Visual Input Score 0.132 0.480 0.201 0.358
Oral Expression Score 0.132 0.478 0.175 0.424
Written Expression Score 0.027 0.885 0.214 0.328
Intrasensory Integration Score − 0.022 0.907 0.220 0.314
Intersensory Integration Score 0.120 0.521 0.200 0.360
Total score 0.030 0.874 0.201 0.358
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BDNF levels (respectively, r = 0.076, p = 0.637; r = 0.126, 
p = 0.744; r = 0.214, p = 0.432).

Discussion

In the present study, the main findings were as followings: 
Stroop test word reading spontaneous correction number and 
reading time, word color saying wrong number, spontane-
ous correction number and reading time, box color speaking 
spontaneous correction number and reading time, Stroop 
interference and speed factor duration were significantly 
higher in the COVID-19 group than in the control group. 
All scores of the VADS-B test were found to be significantly 

lower in the COVID-19 group. The mean serum BDNF 
levels were found to be 10.9 ± 6.9 ng/ml in the COVID-19 
group and 12.8 ± 6.4 ng/ml in the healthy control group. 
Two-way ANOVA showed that the serum mean BDNF level 
was significantly lower in the COVID-19 group than in the 
control group. Gender had a significant effect on BDNF lev-
els (F = 12.21; p = 0.008).

Several studies have investigated the effects of COVID-
19 infection on cognitive function after recovery. In a pre-
vious study, 18 men and 11 women who had experienced 
COVID-19 were assessed, and it was found that cognitive 
functions were impaired in the field of selective atten-
tion three weeks after the disease [17]. In another study 
in which 97 patients were included, cognitive functions 

Table 6   Correlation between 
neuropsychological test scores 
and serum BDNF levels in 
control group

Spearman Correlation

Serum BDNF level

Female (n = 31) Male (n = 23)

r p r p

Stroop Word Reading Number of correct word 0.070 0.622 − 0.033 0.801
Number of wrong word − 0.071 0.632 − 0.222 0.123
Spontaneous correction − 0.036 0.801 − 0.023 0.891
Reading time − 0.243 0.083 − 0.255 0.127

Stroop Saying The Word’s Color Number of correct word 0.191 0.167 0.180 0.286
Number of wrong word − 0.193 0.168 − 0.180 0.286
Spontaneous correction − 0.202 0.152  − 0.283 0.089
Saying time − 0.322 0.051 − 0.228 0.175

Stroop Saying The Box’s Color Number of correct word − 0.061 0.670 0.140 0.407
Number of wrong word 0.060 0.673 − 0.140 0.407
Spontaneous correction − 0.197 0.161 − 0.034 0.840
Saying time − 0.125 0.378 − 0.265 0.113

Interference − 0.288 0.441 − 0.103 0.543
The Speed Factor − 0.170 0.229 − 0.193 0.253
VADS Aural Oral − 0.007 0.959 0.146 0.388

Visual Oral 0.251 0.073 0.138 0.414
Aural Written − 0.021 0.885 0.308 0.064
Visual Written − 0.030 0.832 0.285 0.087
Aural Input Score − 0.006 0.969 0.273 0.102
Visual Input Score 0.159 0.259 0.258 0.123
Oral Expression Score 0.162 0.252 0.137 0.418
Written Expression Score 0.021 0.885 0.313 0.060
Intrasensory Integration Score − 0.009 0.948 0.327 0.058
Intersensory Integration Score 0.152 0.282 0.260 0.121
Total score 0.082 0.561 0.288 0.084
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were screened 8 months after COVID-19. It was found 
that 33% of the patients reported impaired attention, and 
27% of them reported a decrease in memory [18]. In a 
study that evaluated the cognitive function of patients who 
did not need to be hospitalized due to COVID-19, it was 
shown that there were decreases in attention and short-
term memory function compared to healthy controls [19]. 
The results of the present study are in line with the litera-
ture and indicate a decline in cognitive function, especially 
in attention and short-term memory.

The patients who had mild COVID-19 were evaluated 
6 months later in terms of cognitive function, and it was 
found that cognitive function decreased in these individu-
als compared to the preepidemic situation [20]. Another 
study showed that memory, attention, executive functions 
and language were lower in people who had COVID-19 
than in those who had not, and it has been shown that 
decreased cognitive function was not associated with the 
severity of the disease [21]. In another study, the cogni-
tive function of people who had COVID-19 was exam-
ined 3 months after the infection, and it was reported that 
one-third of these people had deterioration in cognitive 
function. However, it was also found that the severity of 
the disease did not correlate with the deterioration in cog-
nitive function [22]. In a meta-analysis that included 43 
studies, it was reported that approximately 20% of people 
showed cognitive dysfunction for 3 or more months after 
COVID-19; however, there was no significant association 
between deterioration of cognitive function and severity 
of illness [23]. A recent study demonstrated that cognitive 
dysfunction was more common in people who had severe 
illness and who needed to stay in the intensive care unit for 
a longer period of time [24]. Although there are conflicting 
results about the relationship between the degree of cog-
nitive function and the severity of the disease, our study 
indicated that cognitive decline can be observed even in 
young people with mild illness and in people who have had 
the disease for more than 6 months.

There have been few studies that have investigated the 
role of serum BDNF and cognitive decline in patients with 
COVID-19 infection. Azoulay et al., showed that lower 
serum BDNF levels were found in patients with severe dis-
ease, and serum BDNF levels returned to normal over time. 
They also reported that the serum BDNF levels in males 
were lower than those of females, and thus, it was interpreted 
that the serum BDNF level could be a prognostic indicator, 
especially in male patients [25]. Studies have reported that 
the more severe course of COVID-19 in men may be related 
to the higher expression of ACE-2 in men [26–28]. In our 
study, we found that serum BDNF levels were significantly 
lower in the COVID-19 group, when a two-way ANCOVA 
model was applied. Sex was shown to have a significant 
effect on serum BDNF levels. Higher expression levels of 

ACE-2 in males may be associated with lower levels of 
serum BDNF in male patients with COVID-19 infection.

Although we calculated the sample size for the present 
study, the small sample size can be considered a limitation. 
The inclusion of only patients who recovered from mild 
COVID-19 and the exclusion of patients who recovered 
from severe to moderate COVID-19 might have resulted in 
false-negative findings, and this issue is another limitation 
of the present study. Pro-BDNF is the precursor of mature 
BDNF and has been reported to have different effects on 
the etiology of major depressive disorder [29]. We could 
not measure serum pro-BDNF levels, which is another 
limitation of the present research.

The present study is the first to demonstrate the asso-
ciation between the role of serum BDNF and cognitive 
decline in patients with COVID-19 infection. Additionally, 
there is a significant role of male gender in terms of lower 
BDNF level and cognitive decline. Our results indicated 
that cognitive decline occurred after recovery and that this 
decline persisted. Further studies are needed to demon-
strate the effects of COVID-19 infection on long-lasting 
cognitive dysfunction.

Acknowledgements  None.

Author contribution  BD, EB and MB planned the study. BD and YA 
carried out the data collection and wrote the first version of the article. 
Biochemical analysis was made by AC. All authors agree with the 
publication of this manuscript.

Funding  None.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  The study was approved by the Local Ethics Commit-
tee of Tekirdağ Namık Kemal University according to the Declaration 
of Helsinki.

Consent to participate  Informed written consent was obtained from all 
parents and/or care providers of the patients; the participation in the 
study was voluntary, and the data processed anonymously.

Consent for publication  All authors agree with the publication of this 
paper.

References

	 1.	 Cucinotta D, Vanelli M (2020) WHO declares COVID-19 a pan-
demic. Acta Biomed 91:157–160. https://​doi.​org/​10.​23750/​abm.​
v91i1.​9397

	 2.	 Woo MS, Malsy J, Pöttgen J et al (2020) Frequent neurocogni-
tive deficits after recovery from mild COVID-19. Brain Commun. 
https://​doi.​org/​10.​1093/​brain​comms/​fcaa2​05

	 3.	 Hidalgo P, Valdés M, González RA (2021) Molecular biology 
of coronaviruses: an overview of virus-host interactions and 

https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.23750/abm.v91i1.9397
https://doi.org/10.1093/braincomms/fcaa205


European Archives of Psychiatry and Clinical Neuroscience	

1 3

pathogenesis. Bol Med Hosp Infant Mex. https://​doi.​org/​10.​
24875/​BMHIM.​20000​249

	 4.	 McAloon C, Collins Á, Hunt K et al (2020) Incubation period 
of COVID-19: a rapid systematic review and meta-analysis of 
observational research. BMJ Open 10:e039652. https://​doi.​org/​
10.​1136/​bmjop​en-​2020-​039652

	 5.	 Poyraz BÇ, Poyraz CA, Olgun Y et al (2021) Psychiatric mor-
bidity and protracted symptoms after COVID-19. Psychiatry Res 
295:113604. https://​doi.​org/​10.​1016/j.​psych​res.​2020.​113604

	 6.	 Ritchie K, Chan D (2021) The emergence of cognitive COVID. 
World Psychiatry 20:52–53. https://​doi.​org/​10.​1002/​wps.​20837

	 7.	 Samavati L, Uhal BD (2020) ACE2, much more than just a recep-
tor for SARS-COV-2. Front Cell Infect Microbiol. https://​doi.​org/​
10.​3389/​fcimb.​2020.​00317

	 8.	 Travica N, Aslam H, O’Neil A et al (2022) Brain derived neu-
rotrophic factor in perioperative neurocognitive disorders: cur-
rent evidence and future directions. Neurobiol Learn Mem 
193:107656. https://​doi.​org/​10.​1016/j.​nlm.​2022.​107656

	 9.	 Keifer J (2022) Regulation of <scp>AMPAR</scp> trafficking 
in synaptic plasticity by <scp>BDNF</scp> and the impact of 
neurodegenerative disease. J Neurosci Res 100:979–991. https://​
doi.​org/​10.​1002/​jnr.​25022

	10.	 Kowiański P, Lietzau G, Czuba E et al (2018) BDNF: a key fac-
tor with multipotent impact on brain signaling and synaptic plas-
ticity. Cell Mol Neurobiol 38:579–593. https://​doi.​org/​10.​1007/​
s10571-​017-​0510-4

	11.	 Lorkiewicz P, Waszkiewicz N (2021) Biomarkers of post-COVID 
depression. J Clin Med 10:4142. https://​doi.​org/​10.​3390/​jcm10​
184142

	12.	 Hamilton M (1960) A rating scale for depression. J Neurol Neu-
rosurg Psychiatry 23:56–62. https://​doi.​org/​10.​1136/​jnnp.​23.1.​56

	13.	 Hamilton M (1959) The assessment of anxiety states by rating. 
Br J Med Psychol 32:50–55. https://​doi.​org/​10.​1111/j.​2044-​8341.​
1959.​tb004​67.x

	14.	 Karakas S (2013) Bilnot-Yetişkin. Eğitim Yayınevi, Ankara
	15.	 Karakaş S, Erdoğan E, Soysal Ş, Ulusoy T, Yüceyurt Ulusoy İAS 

(1999) Stroop Testi TBAG Formu: Türk Kültürüne Standardi-
zasyon Çalýþmalarý, Güvenirlik ve Geçerlik. Klin Psikiyatr Derg, 
pp 75–88

	16.	 Karakaş SYA (1995) Görsel işitsel sayı dizileri testi B formu-
nun 13–54 yaş grubu üzerindeki standardizasyon çalışması. Klin 
Psikol Derg 10:20–31

	17.	 Zhou H, Lu S, Chen J et al (2020) The landscape of cognitive 
function in recovered COVID-19 patients. J Psychiatr Res 129:98–
102. https://​doi.​org/​10.​1016/j.​jpsyc​hires.​2020.​06.​022

	18.	 Darley DR, Dore GJ, Byrne AL et al (2021) Limited recovery 
from post-acute sequelae of SARS-CoV-2 at 8 months in a pro-
spective cohort. ERJ Open Res 7:00384–02021. https://​doi.​org/​
10.​1183/​23120​541.​00384-​2021

	19.	 Graham EL, Clark JR, Orban ZS et al (2021) Persistent neuro-
logic symptoms and cognitive dysfunction in non-hospitalized 

Covid-19 “long haulers.” Ann Clin Transl Neurol 8:1073–1085. 
https://​doi.​org/​10.​1002/​acn3.​51350

	20.	 Del Brutto OH, Wu S, Mera RM et al (2021) Cognitive decline 
among individuals with history of mild symptomatic SARS-
CoV-2 infection: a longitudinal prospective study nested to a 
population cohort. Eur J Neurol 28:3245–3253. https://​doi.​org/​
10.​1111/​ene.​14775

	21.	 Crivelli L, Calandri I, Corvalán N et al (2022) Cognitive con-
sequences of COVID-19: results of a cohort study from South 
America. Arq Neuropsiquiatr 80:240–247. https://​doi.​org/​10.​
1590/​0004-​282x-​anp-​2021-​0320

	22.	 van den Borst B, Peters JB, Brink M et al (2021) Comprehensive 
health assessment 3 months after recovery from acute Coronavi-
rus Disease 2019 (COVID-19). Clin Infect Dis 73:e1089–e1098. 
https://​doi.​org/​10.​1093/​cid/​ciaa1​750

	23.	 Ceban F, Ling S, Lui LMW et al (2022) Fatigue and cognitive 
impairment in Post-COVID-19 Syndrome: a systematic review 
and meta-analysis. Brain Behav Immun 101:93–135. https://​doi.​
org/​10.​1016/j.​bbi.​2021.​12.​020

	24.	 Negrini F, Ferrario I, Mazziotti D et al (2021) Neuropsychological 
features of severe hospitalized coronavirus disease 2019 patients 
at clinical stability and clues for postacute rehabilitation. Arch 
Phys Med Rehabil 102:155–158. https://​doi.​org/​10.​1016/j.​apmr.​
2020.​09.​376

	25.	 Azoulay D, Shehadeh M, Chepa S et al (2020) Recovery from 
SARS-CoV-2 infection is associated with serum BDNF restora-
tion. J Infect 81:e79–e81. https://​doi.​org/​10.​1016/j.​jinf.​2020.​06.​
038

	26.	 Cai H (2020) Sex difference and smoking predisposition in 
patients with COVID-19. Lancet Respir Med 8:e20. https://​doi.​
org/​10.​1016/​S2213-​2600(20)​30117-X

	27.	 Gargaglioni LH, Marques DA (2020) Let’s talk about sex in the 
context of COVID-19. J Appl Physiol 128:1533–1538. https://​doi.​
org/​10.​1152/​jappl​physi​ol.​00335.​2020

	28.	 Thompson K, Vassallo A, Finfer S, Woodward M (2022) Renewed 
rationale for sex- and gender-disaggregated research: a COVID-19 
commentary review. Women’s Heal 18:174550652210767. https://​
doi.​org/​10.​1177/​17455​06522​10767​38

	29.	 Yoshida T (2012) Serum levels of mature brain-derived neuro-
trophic factor (BDNF) and its precursor proBDNF in healthy sub-
jects. Open Clin Chem J 5:7–12. https://​doi.​org/​10.​2174/​18742​
41601​20501​0007

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.24875/BMHIM.20000249
https://doi.org/10.24875/BMHIM.20000249
https://doi.org/10.1136/bmjopen-2020-039652
https://doi.org/10.1136/bmjopen-2020-039652
https://doi.org/10.1016/j.psychres.2020.113604
https://doi.org/10.1002/wps.20837
https://doi.org/10.3389/fcimb.2020.00317
https://doi.org/10.3389/fcimb.2020.00317
https://doi.org/10.1016/j.nlm.2022.107656
https://doi.org/10.1002/jnr.25022
https://doi.org/10.1002/jnr.25022
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.1007/s10571-017-0510-4
https://doi.org/10.3390/jcm10184142
https://doi.org/10.3390/jcm10184142
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1016/j.jpsychires.2020.06.022
https://doi.org/10.1183/23120541.00384-2021
https://doi.org/10.1183/23120541.00384-2021
https://doi.org/10.1002/acn3.51350
https://doi.org/10.1111/ene.14775
https://doi.org/10.1111/ene.14775
https://doi.org/10.1590/0004-282x-anp-2021-0320
https://doi.org/10.1590/0004-282x-anp-2021-0320
https://doi.org/10.1093/cid/ciaa1750
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1016/j.apmr.2020.09.376
https://doi.org/10.1016/j.apmr.2020.09.376
https://doi.org/10.1016/j.jinf.2020.06.038
https://doi.org/10.1016/j.jinf.2020.06.038
https://doi.org/10.1016/S2213-2600(20)30117-X
https://doi.org/10.1016/S2213-2600(20)30117-X
https://doi.org/10.1152/japplphysiol.00335.2020
https://doi.org/10.1152/japplphysiol.00335.2020
https://doi.org/10.1177/17455065221076738
https://doi.org/10.1177/17455065221076738
https://doi.org/10.2174/1874241601205010007
https://doi.org/10.2174/1874241601205010007

	Long-lasting cognitive effects of COVID-19: is there a role of BDNF?
	Abstract
	Introduction
	Methods
	Participants
	Assessment tools
	Sociodemographical Form
	Hamilton Depression Rating Scale
	Hamilton Anxiety Rating Scale
	Neuropsychological tests
	Stroop test
	Visual Aural Digit Span Test Form B (VADS-B)
	Serum BDNF measurement

	Statistical analysis
	Power analysis

	Results
	Sociodemographical and clinical care
	Comparisons of neuropsychological tests
	Comparison of serum BDNF levels
	Correlation analysis

	Discussion
	Acknowledgements 
	References




