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Abstract
Objective. To compare psycho-cognitive status of elder-
ly patients with various comorbidities depending on the 
presence of post-covid syndrome.
Materials and methods. This observational analytical co-
hort study included 133 patients with atrial fibrillation and 
various comorbidities (coronary artery disease, arterial 
hypertension, obesity, type 2 diabetes mellitus (T2DM)) 
aged 60–72 years with and without history of SARS-CoV-2 
infection and post-covid syndrome (PCS). Patients were 
divided into 2 groups: group 1 included 123 patients with-
out the history of COVID-19, group 2 — 110 patients with 
the history of SARS-CoV-2 infection. All study participants 
underwent general clinical examination; assessment of 
psycho-cognitive status using the “SPMSQ” and “HADS” 
scales. Statistical analysis has been performed using 
RStudio software.
Results. Anxiety and depression have been established 
in 49–61 % of patients with comorbid diseases and 
were more prevalent among patients after COVID-19. 
Subclinical anxiety was seen in 29 % of patients without 
COVID-19 and in 27 % of patients with PCS; clinically sig-
nificant anxiety — ​in 13 % of patients from both groups. 
The analysis of patients’ cognitive functions showed that 
cognitive dysfunction was more prevalent among pa-
tients with PCS (p = 0,007); while the prevalence of mild 
cognitive impairment was comparable between groups, 
but was higher among patients with PCS – 22 % vs. 8 % 
(p = 0,005). Severe cognitive impairment was seen only in 

patients with PCS – 2 %. The analysis of separate groups 
with various comorbidities showed significant differences 
in patients with T2DM, 51 % in those without PCS com-
pared with 28 % among patients with PCS (p = 0,012).
Conclusion. The effects of COVID-19 remain uncertain. 
Therefore, the assessment of long-term consequences 
after the infection in patients with various comorbidities 
is required and can be achieved by reprofiling and ini-
tiation of large cohort studies aimed not only to assess 
long-term outcomes of SARS-CoV-2 infection, but also to 
investigate psycho-cognitive dysfunction.
Keywords: anxiety, depression, cognition, comorbid dis-
eases, SARS-CoV-2, post-covid syndrome.
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Introduction
Nowadays the prevalence of psycho-cognitive disor-
ders grows in general medical practice and especial-
ly among patients with various comorbid diseases. 
Neuropsychiatric disorders that manifest not only 
with anxiety or depression but also with cognitive 
impairment are of special importance since they can 
significantly aggravate life quality [1, 2]. It is known 
that viral infections can affect cognitive functions and 
lead to the development of dementia, and the cur-
rent coronavirus infection affect both cognitive and 
psychological functions [3–5]. Exposure to powerful 
stressor in most cases is associated with higher de-
pression and anxiety levels, both in the short and long 
term, that can not only impair life quality, but can also 
affect the prognosis. The increased stress may affect 
immune system and increase the risk of infectious 
diseases development, including the new coronavirus 

infection [6, 7]. According to current literature ap-
proximately 1/5 of patients experience cognitive im-
pairment within 12 weeks after COVID-19, that is as-
sociated with gender (women), age, the severity of ill-
ness and the presence of comorbidities [8]. The study 
by Premraj L. et al., that included 15530 patients 3 
months after COVID-19, have established cognitive 
impairment, decreased attention, “brain fog” in 1/3 
of patients, anxiety and depression in 23 % and 17 %, 
respectively. Cognitive impairment did not depend on 
the course of post-COVID syndrome (cognitive deficit 
slightly increased rather than disappeared over time), 
while anxiety and depression were significantly more 
prevalent among those who recovered from infection 
more than 6 months ago [9, 10]. Several mechanisms 
of cognitive impairment are discussed in the litera-
ture [11]. MRI  usually shows no signs of structural 
changes; however, positron emission tomography 
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(PET) reveals zones of decreased metabolism [12]. 
Neuropsychological changes manifest by impaired 
memory and ability to memorize [13, 14]. Several 
studies attempted to search for the evidence of direct 
effect of the SARS-CoV-2 virus on brain cells. The re-
sults of such studies [10, 11], which included patients 
with various disease severity, did not establish the 
presence of the virus in the brain tissue or cerebro-
spinal fluid (CSF) or indirect signs of viral infection. 
The revealed increase in the level of neurospecific 
proteins in the CSF of patients with COVID-19 may in-
dicate brain cells damage, although it gives no clue 
as to the nature of the pathological process. At the 
same time, the data obtained may indicate that the 
COVID-19 may initiate mechanisms of delayed brain 
damage and cause neurodegenerative diseases [15, 
16]. It is also considered that SARS-CoV-2 RNA re-
mains in the brain tissue for a long time and, there-
fore, aggravates the loss of neurons over time [17, 18]. 
The relationship between inflammation markers and 
cognitive impairment in patients with post-COVID has 
been established [19]. Several studies established in-
creased permeability of the blood-brain barrier that 
can prolong neuroinflammation and cause memo-
ry and attention impairment, as well as direct viral 
invasion into the central nervous system through 
the olfactory bulb [20–22]. It is also noteworthy that 
hypoxia caused by insufficient oxygen supply to the 
brain due to impaired lung function and endothelial 
dysfunction that occurred during COVID-19 may man-
ifest as cognitive dysfunction in the long-term period 
[23–25]. The increase in the frequency and severity of 
psycho-cognitive disorders together with the limita-
tion of its diagnosis highlights the importance of psy-
cho-cognitive status assessment at early stages of 
the disease, including the assessment of anxiety and 
depression. This study aimed to assess mentioned 
above psychopathological symptoms.

Objective. To compare psycho-cognitive status in 
elderly patients with various comorbidities, depend-
ing on the presence of post-COVID syndrome.

Materials and methods
This observational analytical cohort study included 
223 patients with atrial fibrillation and various co-
morbidities (coronary heart disease (CHD), arterial 
hypertension (AH), abdominal obesity (AO), type 2 di-
abetes mellitus (T2DM)) aged 60–74 years, with and 
without the history of documented SARS-CoV2 in-

fection with post-COVID syndrome. Patients were di-
vided into two groups: group 1 included 123 patients 
(64 [62; 69.5] years) without the history of COVID-19 
and group 2–110 patients (65 [62; 68] years) with the 
history of COVID-19. Group 2 included 55.5 % of men 
and 44.5 % of women, group 2–52.8 % and 47.2 % men 
and women, respectively. Each group has been divi
ded into two subgroups depending on the presence 
of various comorbidities: T2DM and obesity. The sub-
group with obesity included patients under 64 [61; 67] 
years old, and had more women (53.8 %). The inclu-
sion criteria were: signed voluntary informed consent 
to participate in research; age from 60 to 74 years 
old; stage 3 arterial hypertension; CHD, I–II  func-
tional class of angina pectoris; atrial fibrillation (all 
types, without cardiac embolism); T2DM with HbA1c 
level under 8.5 %; obesity stages I and II; the presence 
or absence of COVID-19 with SARS-CoV-2 RNA iden-
tification. In those who had documented history of 
COVID-19 caused by SARS-CoV-2, the duration of the 
disease over 12 weeks (for the group of patients with 
post-COVID syndrome). Exclusion criteria: symptom-
atic hypertension; CHD, III–IV FC of angina pectoris, 
microvascular, vasospastic, unstable angina; stages 
4–5 of chronic kidney disease; T2DM with HbA1c level 
over 8.5 %; type 1 and other specific types of diabetes; 
chronic obstructive pulmonary disease; anemia (he-
moglobin level below 130 g/l in men and below 120 
g/l in women); malignant neoplasms; acute stages 
of other chronic diseases; mental disorders; alcohol 
consumption over 21 standard drinks per week for 
men and over 14 standard drinks for women.

All study participants underwent general clini-
cal examination, biochemical blood test, lipid panel, 
glucose, glaciated hemoglobin, potassium, estima-
tion of glomerular filtration rate, C-reactive protein, 
NT-proBNP level; Echo-CG according to the standard 
protocol; assessment of systolic and diastolic blood 
pressure (SBP and DBP) (office and self-measure-
ment monitoring with the calculation of average lev-
el); assessment of cognitive status using the SPMSQ 
(Short Portable Mental Status Questionnaire) — a 
portable mental status questionnaire for cognitive 
deficits; HADS (Hospital Anxiety and Depression 
Scale) to identify and assess the severity of depres-
sion and anxiety among study participants.

The study was conducted in accordance with the 
standards of good clinical practice and the princi-
ples of the Declaration of Helsinki, the protocol was 
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approved by the ethics committee of the Novosibirsk 
State Medical University of the Ministry of Healthcare 
of Russian Federation (protocol No. 148). All included 
patients signed voluntary informed consent to partic-
ipate in research.

Statistical analysis
Statistical data analysis was performed using the 
RStudio software (version 2021.09.2 Build 382 — 
©  2009–2022  RStudio, Inc., USA, URL  https://www.
rstudio.com/) and the R language (version 4.0.2, 
URL  https://www.R-project.org/). Descriptive char-
acteristics are presented as median [first quartile; 
third quartile] for numerical data, percentages with 
confidence interval (CI) [lower bound of 95 % CI; up-
per bound of 95 % CI] for categorical data. The Mann-
Whitney U-test with the calculation of 95 % CI  was 
used to assess the statistical difference between the 
numerical characteristics of compared groups. The 
level of statistical significance was set as p < 0.05.

Results
The average age of study participants was 64 [62; 68] 
years. Since blood pressure instability is one of the 
main causes of cognitive deficit, especially in patients 
with post-COVID  syndrome, all the patients under-
went the assessment of hemodynamic parameters. 
Patients with the history of COVID-19 infection had 
lower DBP (66 [60; 72.75] mmHg) compared with pa-
tients from group 1 (80 [70; 88] mmHg (p < 0.001)). At 
the same time median SBP did not differ between 
groups — 156 [143.25; 165] mmHg (p = 0.668). Target 
SBP values were exceeded in 80 % [70 %; 87 %] of the 
elderly ( ≥ 140 mm Hg) patients from group 1 versus 
79 % [68 %; 86 %] from group 2 (p = 0.862). Elevation 
of DBT ≥ 80 mm Hg was noted in 42 % [32 %; 53 %] of 
patients without the history of COVID-19 and in 12 % 
[6 %; 21 %] of patients from group 2 (p < 0.001), and 
decreased DBP  < 70 mm Hg was found in 30 % [21 %; 
41 %] and 57 % [46 %; 68 %] of patients from groups 1 
and 2, respectively (p = 0.001). Pulse blood pres-
sure ≥ 60 mmHg was registered in 78 % [68 %; 86 %] of 

patients from the group 1 vs. 89 % [80 %; 94 %] — from 
group 2 (p = 0.082). In group 2 the median heart rate 
was 77 [74; 80] beats per minute versus 76 [67; 78] 
beats per minute in group 1 (p < 0.001). The compara-
tive analysis of the coronary heart disease (CHD)/ ar-
terial hypertension (AH)/atrial fibrillation (AF)+ T2DM  
subgroups depending on the history of COVID-19 re-
vealed high SBP, heart rate and low DBP in patients 
after viral infection, DBP (p < 0.001) and heart rate 
(p = 0.002) differences were statistically significant. 
SBP in the group without and with PCS was 152 [143; 
165] mmHg and 154 [141.5; 164.25] mm Hg, DBP was 
78 [69; 82] mmHg and 68 [60; 76] mmHg, heart rate 
was 75 [67; 77] and 77 [73.75; 80] beats per minute, 
respectively. Similar data were obtained in the sub-
groups with CHD/AH/AF + AO depending on the pres-
ence of post-COVID syndrome.

Thus, average SBP values were increased in all 
study participants, and the subgroups with CHD/AH/
AF + AO + PCS had the highest values — 162 [145.25; 
168] mm Hg, as well as the lowest DBP values — 60 
[60; 70] mm Hg, while patients with abdominal obe-
sity without PCS had the highest DBP values — 82.5 
[78; 88] mmHg. In general, SBP target values in el-
derly was  ≥ 140 mmHg, and DBP ≥ 80 mmHg, as 
well as DBP decrease  < 70 mmHg was also detected 
(Table 1).

It is known that psychological state change in 
the elderly, people of senile age and centenari-
ans predominantly with the development of anxiety 
and depression. In this study we assessed psycho-
logical state using the HADS (Hospital Anxiety and 
Depression Scale) that is widely used in clinical prac-
tice by general practitioners, cardiologists, geriatri-
cians, and rehabilitation specialists. In current study 
the median anxiety score in both patients without and 
with the history of coronavirus infection and PCS was 
7 [6; 8] and 8 [6; 9] (p = 0.031), respectively, which can 
be interpreted as slight anxiety increase in patients 
with PCS without statistical significance, but with the 
development of subclinical anxiety in patients after 
COVID-19. It was found that 0–7 points or the absence 

Table 1. Hemodynamic parameters in groups with various comorbidities
Group SBP, mmHg DBP, mmHg HR, beats per minute

CHD/AH/AF + T2DM 156 [143,25; 165] 80 [70; 88]* 76 [67; 78]*
CHD/AH/AF + T2DM + PCS 156 [143,25; 165] 66 [60; 72,75]* 77 [74; 80]*
CHD/AH/AF + AO 161.5[145,25; 68]* 82.5 [78; 88]* 76[68; 80]
CHD/AH/AF + AO + PCS 162 [145,25; 168]* 60 [60; 70]* 78 [74; 80]

Comment. * — difference is statistically significant.
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of anxiety, was noted in 61 % [52 %; 69 %] of patients 
without the history of coronavirus infection and in 
49 % [40 %; 58 %] of patients with PCS (p = 0.086), 8–10 
points or subclinical anxiety — ​in 26 % [19 %; 34 %] 
and 27 % [20 %; 36 %] of patients (p = 0.882), 11 points 
and above or clinically significant anxiety in 13 % [8 %; 
20 %] and 13 % [8 %; 20 %] of patients (p = 0.041), re-
spectively. In the subgroup of patients with comorbid 
pathology and type 2 diabetes, similar results were 
obtained — 7 [6; 9] points against 8 [7; 11] points 
(p = 0.037). The comparative analysis of anxiety level 
showed greater number of patients with subclinical 
and clinically significant anxiety after coronavirus 
infection — 8–10 points scored 25 % [16 %; 37 %] of 
patients after viral infection and 22 % [13 %; 33 %] 
without the history of COVID-19 (p = 0.681), 11 or 
more points — 30 % [20 %; 42 %] and 17 % [10 %; 28 %] 
(p = 0.099), respectively (Fig.  1). The level of anxiety 
did not differ depending the presence of obesity, the 
median HADS anxiety scores were similar and within 
the normal range.

The presence and the severity of cognitive impair-
ment were assessed depending on the presence of 
PCS in patients with cardiovascular diseases (CVD) 
with metabolic syndrome. The median error rate in 
patients without the history of COVID-19 was 3 [1; 
3] errors, and in those with PCS — 3 [2; 4] errors 
(p < 0.001) that can be interpreted as the absence of 
cognitive impairment in patients with PCS.

The assessment of cognitive state and the compari-
son of the degrees of cognitive impairment established 
that normal cognitive functioning was preserved in 
less patients after coronavirus infection (27 % [20 %; 

36 %] compared with those without the history of in-
fection 45 % [36 %; 54 %] (p = 0.007)) (Figure 2).

The levels of mild cognitive impairment did not dif-
fer significantly between compared groups, however 
patients from the group with PCS showed more pro-
nounced cognitive impairment, moderate cognitive 
impairment was higher in patients with PCS — 22 % 
[15 %; 30 %] vs. 8 % [4 %; 14 %] (p = 0.005), severe cog-
nitive impairment was found only in those with PCD — 
2 % [1 %; 6 %] (p = 0.001) (Figure 3). The subgroups 
with obesity had the same number of errors — 3 [1; 4] 
errors in patients without PCS and 3 [2.25; 5] errors in 
those with PCS (p = 0.020).

After dividing study participants by the severity 
of cognitive impairment, statistical significance was 
achieved only in those who made 5–7 errors, which 
corresponds to moderate cognitive impairment, thus, 

Figure 1. Anxiety level depending on the presence of COVID-19 with post-COVID syndrome

Figure 2. Cognitive impairment depending on the presence of 
COVID-19 and post-COVID syndrome
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35 % [23 %; 49 %] of patients with PCS compared with 
9 % [4 %; 19 %] of patients without PCS (p = 0.001) 
made from 5 to 7 errors by the SPMSQ. Cognitive im-
pairment positively correlated with and anxiety and 
depression groups (r = 0.345, p = 0.033).

When comparing the subgroups of patients with 
CVD and T2DM depending on the of COVID-19 infec-
tion, patients with PCS showed statistically signifi-
cantly more errors — 3 [2; 4] errors vs. 2 [1; 3] errors 
(p = 0.006). In addition, statistically significantly less 
patients did not score more than 2 errors and more 
patients without PCD showed normal cognitive func-
tions — 51 % [39 %; 63 %] compared with 28 % [19 %; 
40 %] in those with PCS (p = 0.012) (Figure 4).

Thus, despite almost equal median of errors made 
by patients by short portable mental status question-
naire (SPMSQ) that was used to assess the presence 
and severity of cognitive deficit through the number 
of errors, patients after new coronavirus infection 
more often had mild, moderate and severe cognitive 
impairment and less often showed normal cognitive 
status.

Discussion
To this day there are data indicating the relationship 
between arterial hypertension (AH) and cognitive im-
pairment [26]. At the same time, it is known that en-
dothelial dysfunction leads to renin-angiotensin-al-

Figure 3. The severity of cognitive impairment depending on the presence of COVID-19 and post-COVID syndrome

Figure 4. Cognitive impairment in clinical subgroups depending on the presence of COVID-19 and post-COVID syndrome
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dosterone system imbalance and causes not only 
transformation of the vascular bed, but also contrib-
utes to the blood-brain barrier dysfunction that even-
tually cause cognitive impairment [27, 28]. The data of 
cognitive state assessment can be used as marker for 
the progression of cerebral damage, especially in the 
elderly, which was highlighted in our study.

According to the World Health Organization, in 
2019 every eight person on the planet suffered from 
mental disorder, with anxiety and depression being 
the most prevalent. In 2020 during the pandemic of 
COVID-19 infection, the number of patients with anxi-
ety and depression has increased significantly. Within 
one year, the prevalence of these disorders increased 
up to 28 % [29]. Long-term psychological conse-
quences after COVID-19 are still being investigated 
[30]. Several researchers noted the increase in the 
number of patients with mental disorders in the post-
COVID  period [31]. In our work, we have found that 
anxiety and depression were more prevalent among 

patients with the history of COVID-19, cognitive im-
pairment with the predominance of moderate and se-
vere levels was also more often observed in patients 
after COVID-19, which confirms the data of previous 
studies.

Conclusion
The effects of COVID-19 remain uncertain, and if 
COVID-19 will  continue to  circulate for many years, 
its long-term outcomes could grow exponentially. In 
this regard, it is necessary to follow up patients af-
ter COVID-19 to assess the long-term consequenc-
es, especially those with comorbid pathologies 
that serves as poor prognostic factor. This could be 
achieved by reprofiling and initiation of large cohort 
studies aimed not only to assess long-term outcomes 
of SARS-CoV-2 infection, but also to investigate psy-
cho-cognitive dysfunction.

Conflict of interest: None declared.
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