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ABSTRACT

The aim. To study peculiarities and association of psychological and laboratory
indicators in patients with cardiovascular diseases (CVD) who underwent COVID-19
to clarify the factors affecting the possibility of developing delayed psychological
and cardiovascular adverse events.

Materials and methods. The study enrolled 350 patients with COVID-19. Group 1
consisted of 92 patients without CVD, Group 2 — of 258 patients with CVD. Indicators
of laboratory and psychological parameters were assessed according to the data
of psychological questionnaire using GAD-7 (General Anxiety Disorder-7), PHQ-9
(Patient Health Questionnaire-9), PSS (Perceived Stress Scale) screening scales and SF-
36. Parameters of complete blood count and biochemical blood tests were measured
during hospitalization and three months after discharge from the monohospital.
Results. After three months, in the general group of patients, signs of anxiety
and depression were detected in more than 30 % of the examined patients, signs
of stress —in 10.4 %. In the group with CVD, psycho-emotional disorders were identi-
fied in 1/4 of the patients, and severe stress — in 8 % of those included in the study.
In addition, it was registered that the indicators of erythrocyte sedimentation
rate, fibrinogen, high-sensitivity C-reactive protein (CRP), homocysteine and IL-6
remained at a higher level in the second group. Correlation analysis showed that
the psychological component of health is interconnected with the level of neutrophils
(p=0.044) and fibrinogen (p = 0.050); the physical component of health is correlated
with the level of erythrocytes (p = 0.030), hemoglobin (p = 0.015), CRP (p = 0.002),
creatine phosphokinase (p = 0.036) and glucose (p = 0.017). Regression analysis
revealed that in patients with CVD three months after hospitalization, an increased
glucose index contributes to deterioration, and increased hematocrit and mean
hemoglobin concentration improve the quality of life of patients.

Conclusion. Laboratory markers that maintain the duration of a prolonged
vascular reaction, violation of the rheological and metabolic properties of blood,
determine the nature of the development of both psychological and cardiovascular
complications.
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PE3IOME

Uene. Vccnedosame ocobeHHOCMU U accoyuayuio NCUXosio02udeckux u 1abopa-
MOopHbIX nokazamesnel y nayueHmos ¢ cepO0eyHO-cocyoucmsiMu 3ab0o1e8aHuAMU
(CC3), neperécuuux COVID-19-accoyuupos8aHHy0 NHe8MOHUIO, C Ues1blo yMmOYHEHUSA
hakmopos, 81UAIWUX HA BO3MOXHOCMb pa38UMUS OMCPOYEHHbIX NCUXO102UYe-
CKUX U Cep0eyHO-COCyOUCMbIX Hexxe1ameribHbiX AgeHU.

Mamepuanel u memoosbl. BucciedosaHue 8ktodeHbl 350 nayueHmos, chopmu-
posaHo 08e 2pynnewl ucciedosarus. [lepeas epynna — 92 nayueHma 6e3 CC3, mo-
pas — 258 nayueHmos ¢ CC3. OueHusanu napamempeol 06we20 u 6UOXUMUYECKO20
aHaIu308 Kposu, NCUXos102uYeckue NoKazamesiu N0 OAHHbIM AHKEMUPOBAHUSA
CUCNO/b308aHUeM CKpUHUH208bIx wikas GAD-7 (General Anxiety Disorder-7 — npu-
3Haku mpesoau), PHQ-9 (Patient Health Questionnaire-9 — npusHaku denpeccuu)
u LBC (wkana 8ocnpuHUMaemo20 cmpecca — NPU3HAKU CMpecca) U ONPOCHUKA
Kadecmaa Xu3Hu (SF-36, Short Form 36) 8o 8pemMs 2ocnumasnusayuu u yepe3
3 MecAya nocsie 8bINUCKU U3 MOHO20CNUMAJTA.

Pe3synemamel. Yepes 3 mecaya e obwieli 2pynne nayueHmos NpUusHaku mpesoau
u Oenpeccuu eblsigsieHbl bosiee yem y 30 % 06¢1e008aHHbIX NAYUEHMO8, NPU3HAKU
cmpecca -y 10,4 %. B epynne c Hanuyuem CC3 HapyweHusa NCUX03MOYUOHAIbHOU
chepol onpedesieHbl y 1/4 60/1bHbIX, a 8bIpAXEHHbIU cmpecc — y 8 % 8KJIH0UEH-
Hblx 8 uccedosaHue. Kpome 3mo2o, 3ape2ucmpuposaHo, Ymo nokasamesu
CKOpOCMU 0Ce0dHus 3pumpoyumos, pubpuHo2eHd, 8bICOKOYY8CMBUMETbHO20
C-peakmugHoz0 6esika (CPb), comoyucmeuHa u WJ1-6 coxpaHuauce Ha b6osee
8bICOKOM ypOB8He 80 8mopou 2pynne. KoppenayuoHHsIl aHaau3 nokasas, Ymo ncu-
Xos102uyeckuli KOMNOHeHM 300p08bs 83AUMOCBA3AH C ypOBHeM Helmpogusios
(p = 0,044) u pubpuHozeHa (p = 0,050); puzuyeckuli KOMNOHeHM 300P08bSA 83a-
UMOCBA3aH C yposHeM 3pumpoyumos (p = 0,030), ezemoznobuHa (p = 0,015), CPb
(p = 0,002), kpeamuHgocgokuHasel (p = 0,036) u eoko3sl (p = 0,017). Pezpeccu-
OHHbIU aHasau3 8biAsus, Ymo y nayueHmos ¢ CC3 yepes 3 mecaya nocse 2ocnu-
manusayuu noswlieHHbIl NoKaamerss 2/110K03bl Chocobcmayem yxyoweHuro,
a nosbllWeHHble NoKazamesiu 2eMamokKpuma u cpedHel KOHUeHMpayuu 2emMo2sio-
6UHA — YTyHWeHUI0 Ka4ecmad XU3HU NayueHmos.

3aknoueHue. JlabopamopHble Mapkepbl, noddepxusaroujue 01umesbHoOCMo
NposI0H2UPOBAHHOU cocyoucmol peakyuu, HapyuieHue peosio2udecKux u mema-
6os1udeckux caolicma Kposu, onpeoesisiom xapakmep pa3sumus Kak NCUxosaoau-
yecKux, mak u cepoeyHO-coCyouCmsiX OC/I0KHeHUU.

Knrouesosie cnosa: COVID-19, ncuxonozuyeckuli cmamyc, buomapkepsl, cepoey-
Ho-cocyoucmesle 3a60/1e8aHuUsA

Ona uyntupoBaHus: MNetenuHa T.WN., NycbkoBa O.A., MycuxmnHa H.A., Wep6urnHa A.E.,
lapaHuHa B.O., TanoH J1.U., Apocnasckana E.N. OueHka NCMxosamMoLMOHanbHOro cocTosn-
HMA naumeHToB, nepeHécmnx COVID-19-accounmpoBaHHYO MHEBMOHMIO, BO B3anMMOC-
BA3U ¢ nabopatopHbiMK Nnokasatensamu. Acta biomedica scientifica. 2023; 8(1): 66-78.
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INTRODUCTION

The pandemic of coronavirus infection COVID-19
(COronaVlrus Disease-2019), which is caused by a new
strain of coronavirus — SARS-CoV-2 (severe acute respir-
atory syndrome coronavirus-2), has caused a rapid in-
crease in the number of cases and high mortality world-
wide [1]. Despite the tropism of SARS-CoV-2 to the lungs,
COVID-19 has a high risk of developing multiple organ fail-
ure (MOF), including due to cardiovascular system (CVS)
diseases [1, 2]. The expression of receptors in the vascu-
lar wall, cardiomyocytes makes it possible to partially ex-
plain the pathogenetic basis of the occurrence and fea-
tures of the course of cardiovascular diseases, and the ef-
fect of the virus on the central nervous system determines
the development of neurological and psychological dis-
orders [3, 4].

At the beginning of the pandemic, there was no infor-
mation about the long-term consequences of this infec-
tious disease, but as the course of the process was stud-
ied, more and more data appeared in the literature re-
garding an expanded spectrum of systemic, cardiovascu-
lar, neurological and psychosocial symptoms. The authors
described symptoms of varying duration from 1.5 months
to 1 year from the onset of the acute stage of the disease,
and there was notalways a correlation between the severity
of COVID-19, the number and severity of delayed manifes-
tations [5]. It is assumed that the mechanisms underlying
the post-COVID syndrome include changes in the immune
response and damage to the vascular bed with the de-
velopment of hypercoagulable thrombotic complica-
tions [6]. The entry point into the central nervous system
for the virus can be either indirect - through the blood-
stream, or direct - through the lattice plate. Moreover,
it is assumed that the infection can cause a general de-
pression of the hypothalamus-pituitary axis, associat-
ed with the systemic effect of inflammation and hypoxia
[7]. Post-treatment follow-up is necessary not only to un-
derstand the relationship between the manifestations
of the post-COVID syndrome and the course of the dis-
ease caused by the SARS-CoV-2 virus, but also to justify
the need to develop algorithms for effective prevention
of post-covid complications, including programs for re-
storing psychological health.

THE AIM OF THE STUDY

To study peculiarities and association of laboratory
and psychological indicators in patients with cardiovascu-
lar diseases who have underwent COVID-19 to optimize pre-
ventive measures against the development of delayed car-
diovascular and psychological adverse events.

MATERIALS AND METHODS

Prospective study complying with the standards
of Good Clinical Practice and the provisions of the Helsin-
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ki Declaration of the World Medical Association. Research
protocol was approved by the Committee on Biomedical
Ethics of the Tyumen Cardiology Research Center — Branch
of the Tomsk National Research Medical Center of the Rus-
sian Academy of Sciences (Protocol No. 159 dated July 23,
2020). Prior to enrollment in the study, each of the study par-
ticipants received written informed consent to use the sur-
vey results for scientific purposes. The study is registered
in the clinical research database ClinicalTrials.gov (identifi-
er: NCT04501822).

Patients were identified according to the data of the 1C
medical information system of the monoinfective hospi-
tal on the basis of the Tyumen Regional Clinical Hospital
in the period from April 10,2020 till July 11,2021. Data on di-
agnoses and examination results during the hospitalization
of patients in the monohospital are taken from the extracts
provided by patients from medical records and 1C system
data. The inclusion criteria were: a documented diagnosis
of COVID-19 associated pneumonia and the patient’s de-
sire to participate in the follow-up. Criteria for non-inclu-
sion: chronic and systemic diseases in the acute stage; dis-
eases accompanied by pneumofibrosis; oncological diseas-
es detected less than 5 years ago. Exclusion criteria: preg-
nancy, refusal to participate in the study.

The study included 350 patients who agreed to follow-
up. The patients were divided into two groups. The first
group included 92 patients without cardiovascular diseas-
es (CVD), the average age was 42.16 + 11.18 years. The sec-
ond group included 258 patients with CVD (arterial hyper-
tension (AH) and coronary heart disease (CHD)), the aver-
age age was 56.30 + 8.44 years. There were statistically sig-
nificant differences in age, systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR), body mass
index (BMI) with higher indicators in the second group
(p < 0.001). The differences of the listed parameters be-
tween the groups did not affect the study of the param-
eters dynamics within the groups. There were no statisti-
cally significant differences by gender in the study groups
(p < 0.312), women accounted for 56.5 % (52 patients)
in the first group and 50.4 % (130 patients) in the second.
According to the chest computed tomography data, ini-
tially in the first group the volume of lung lesion of more
than 50 % was registered in 30.7 % of cases, in the second
group —in 57.8 % of cases.

With respect to CVDs in the second group, 98 % of pa-
tients had hypertension, 20.5 % had coronary artery dis-
ease, 32.6 % had cardiac arrhythmias, etc. By the time
of the control visit after 3 months, patients in the second
group (with CVDs) in 22.4 % of cases were taking drugs
of angiotensin-converting enzyme inhibitors (ACE inhib-
itors), in 48.2 % of cases — angiotensin receptor blockers
(ARBs), in 46.6 % of cases — beta blockers, in 61.7 % of cas-
es — statins, in 19.8 % — acetylsalicylic acid preparations,
in 7.51 % - oral anticoagulants.

The study evaluated the data of laboratory tests of blood
samples taken during hospitalization and at the point
3 months after discharge from the monohospital. The pa-
rameters of the Complete Blood Count (CBC) were de-
termined by the impedance method with flow cytome-



try technologies on 5Diff analyzer "Mindrey BC 5800" (Chi-
na); creatinine, liver enzymes, total cholesterol, fasting glu-
cose, concentration of C-reactive protein (CRP) - "Cobas
integra plus 400" (Italy), reagents of Mindrty were stud-
ied from biochemical parameters; highly sensitive CRP (hs-
CRP) - solid-phase enzyme immunoassay, Vector Best re-
agents (Russia); interleukin-6 (IL-6) - solid-phase, chemilu-
minescent enzyme immunoassay, IMMULITE 1000 Systems
SIEMENS Healthcare Diagnostics (Germany); and homocyst-
eine —on the analyzer "IMMULITE 2000" (Siemens Diagnos-
tics, USA), solid-phase, competitive, chemiluminescent en-
zyme immunoassay, reagents from SIEMENS Healthcare Di-
agnostics (Germany); coagulogram parameters — on Desti-
ny Plus analyzer (Ireland), reagents from NPO Renam (Rus-
sia). The psycho-emotional sphere of patients was studied
using the screening scales GAD-7 (General Anxiety Disor-
der-7 - signs of anxiety), PHQ-9 (Patient Health Question-
naire-9 — signs of depression) and SPS (scale of perceived
stress — signs of stress). For anxiety and depression scales,
the threshold value for the presence of signs of disorders
was considered to be 5 scores, for signs of severe stress —
30 scores. The quality of life (QOL) was assessed using
SF-36 questionnaire, which allows us to character-
ize this concept quantitatively according to 8 specific
and 2 generalized scales showing psychological and phys-
ical health. The physical health includes Physical func-
tioning, Role-based physical functioning, Pain intensity
and overall health status scales. The psychological health
consists of Mental health, Role-based emotional function-
ing and Vitality scales. In this paper, we relied on the indi-
cators of generalized scales [8-10].

Statistical analysis was carried out using IBM SPSS Sta-
tistics 21 application software package (IBM Corp., USA).
Depending on the distribution, when comparing the in-
dicators in two independent groups, the Student’s t-test
or Mann - Whitney U test were used. With a normal distri-
bution, the data were presented as mean (M) and stand-
ard deviation (SD), with a distribution other than nor-
mal, the data were presented as median (Me) and inter-
quartile range [25 %; 75 %]. The dynamics between relat-
ed groups was calculated using the paired Student t-test
or the Wilcoxon test. Spearman and Pearson correlation
analysis (depending on the type of data distribution)
and linear regression with step-by-step inclusion of pre-
dictors in the model were used. The purpose of the re-
gression analysis was to identify the predictors that have
the greatest impact on the psycho-emotional state of pa-
tients with CVDs who have suffered COVID-19 pneumo-
nia. The results were evaluated as statistically significant
at the two-sided p < 0.05 level.

RESULTS

The analysis of the parameters of the complete blood
count in the study groups of patients is given in Table 1.

Analysis of the table data showed that individual eryth-
rocyte parameters, such as RDW-SD, RDW-CV and ESR,
in the second group of patients exceeded the ones
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in the first group (p < 0.001, p < 0.023 and p < 0.001, re-
spectively).

The remaining parameters varied in different direc-
tions in both groups, remaining within the reference val-
ues to the observation point "3 months after discharge
from the hospital". The level of ESR decreased statistical-
ly significantly in the second group of patients (p < 0.001).

The characteristics of leukocyte parameters in the pa-
tients included in the study are given in Table 2.

The data show that at baseline there was a statistically
significantincrease in WBS, NLR and a decrease in the LYM/
CRP ratio in patients of the second group (p < 0.001).

Three months after admission, there were statistically
significant decreases in WBC, NEU, NLR ratio and increas-
es in EOS, LYM/CRP in both groups and LYM in the sec-
ond group of patients. However, the parameters of WBC,
LYM, NEU, while remaining statistically significantly high-
er than in the first group, indirectly confirm the presence
of a persistent prolonged inflammatory reaction in patients
with CVDs caused by the coronavirus infection.

According to platelet counts, no statistically signif-
icant difference was found at the baseline of the study.
Three months after discharge, a statistically significant
decrease in the mean platelet volume (MPV) was regis-
tered: baseline in the first group — 11.20 [10.70; 11.9] fL,
in dynamics — 8.40 [7.90; 8.90] fL, in the second group -
11.20 [10.50; 11.70] and 8.30 [7.70; 11.70] fL, respective-
ly (p < 0.001 for both groups); platelet large cell count
(PLCQ): baseline in the first group - 35.00 [30.20; 41.60] %,
in dynamics - 23.80 [19.30; 29.70] %, in the second
group - 34.30 [28.80; 37.70] and 23.80 [19.30; 28.80] %,
respectively (p < 0.001 for both groups); statistical-
ly significant increase in platelet count (PLT): baseline
in the first group - 206.00 [152.00; 258.00], in dynamics —
226,00 [190,00; 261,00] x 10°/L, in the second group -
203.50[156.50;250.50] and 230,00 [200,00; 272,00] x 10°/L,
respectively (p < 0.001).

Of the hemostasis parameters, patients in the second
group had a statistically significant fibrinogen level increase
at baseline compared to the first group (4.60 [3.60; 5.80]
and 3.90 [3.60; 5.80] g/L, respectively; p < 0.001)
with achievement of reference values in both patient groups
in 3 months. In addition, increased fluctuations of these
parameters of APTT and PTI were recorded in the second
patient group.

Atbaseline, characterization of biochemical parameters
in the groups showed an excess of fasting glucose in both
groups (6.70 [6.22; 7.39] and 7.52 [6.79; 9.40] mmol/L,
respectively) with a statistically significant decrease
in the parameters after 3 months (p < 0.001, respec-
tively, for the groups) and a statistically significant ex-
cess of HbA1c (6.70 [5.90; 8.00] in the second group);
excess values of aspartate aminotransferase (AST)
(32.80[23.45; 50.80] U/L), alanine aminotransferase (ALT)
(34.20 [22.90; 53.20] U/L) and total cholesterol (TCL)
(4.11 [3.32; 4.84] mmol/L) in the second patient group. In
addition, there was a statistically significant excess of base-
line lactate dehydrogenase (LDH) values (361.14 + 135.98
and 437.50 £ 212.85 U/L) and max CRP (29.8 [3.80; 24.60]



TABLE 1

COMPARATIVE CHARACTERISTICS OF ERYTHROCYTE PARAMETERS IN PATIENTS WITH THE ABSENCE AND PRESENCE

OF CARDIOVASCULAR DISEASES WHO SUFFERED COVID-19 PNEUMONIA, AT BASELINE AND THREE MONTHS

AFTER HOSPITAL ADMISSION

Parameters

RBC, 10'%/L
(norm: male — 4.0-5.2;
female - 3.9-4.7)

HGB, g/L
(norm: male — 130-166;
female - 117-140)

HCT, %
(norm: male - 39-49;
female - 35-43)

MCV, fL
(norm: 80-95)

MCH, pg
(norm: 27-31)

MCHC, g/dL
(norm: 31-37)

RDW-SD, fL
(norm: 35-56)

RDW-CV, %
(norm: 11.5-14.5)

ESR, mm/h
(norm: 0-15)

Note. RBC - red blood cells; HGB — hemoglobin (concentration); HCT — hematocrit; MCV — mean corpuscular/cell volume; MCH — mean corpuscular haemoglobin; MCHC — mean cell haemoglobin concentration;
RDW-SD — red cell distribution width, standard deviation); RDOW-CV — red cell distribution width, coefficient of variation/variation coefficient; ESR — erythrocyte sedimentation rate. p is the statistical significance of the dif-

Examination period

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

At baseline

In 3 months

p

Without CVDs (n = 92)
4.79£0.49
476 £043
0.151
137.50 [125.50; 146.50]
136.00 [127.00; 146.00]
0.852
40.20[37.80; 43.10]
43.70 [40.80; 46.00]
<0.001
85.10 [80.40; 87.20]
92.00 [88.00; 94.00]
<0.001
28.90 [27.70; 29.70]
29.00 [28.00; 30.00]
0.055
33.60[33.10; 34.30]

32.00[31.00; 32.00]

39.50 [37.50; 40.90]
46.40 [44.30; 48.00]
<0.001
13.00 [12.40; 13.60]
12.40[12.00; 12.80]
<0.001
12.50 [8.00; 16.00]
11.00 [7.00; 17.00]

0.600

With CVDs (n = 258)
471 +£0.54
490+0,44

<0.001
137.00 [127.00; 146.00]
142.00 [132.00; 149.00]
<0.001

40.50 [37.50; 43.00]

45.40 [42.60; 48.10]

<0.001

85.00 [82.20; 88.50]

92.00 [90.00; 95.00]

<0.001

29.00 [27.90; 30.00]

29.00 [28.00; 30.00]

0.876

33.80[33.20; 34.50]

31.00 [31.00; 32.00]

40.50 [38.80; 43.00]
48.50 [46.30; 51.30]
<0.001
13.30[12.80; 13.90]
12.90[12.30; 13.60]
<0.001
39.00 [24.00; 53.00]
12.00 [8.00; 19.00]

<0.001

ferences in parameters: horizontally — between the first and second groups; vertically — within the group in dynamics — at baseline and 3 months after discharge from the hospital.
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0.200

0.003

0.770

0.008

0.968

<0.001

0.095

0.039

0.272

0.903

0.360

0.001

0.001

<0.001

0.023

<0.001

<0.001

0.327



TABLE 2

COMPARATIVE CHARACTERISTICS OF LEUKOCYTE PARAMETERS IN PATIENTS WITH THE ABSENCE AND PRESENCE
OF CARDIOVASCULAR DISEASES WHO SUFFERED FROM COVID-19 PNEUMONIA, AT BASELINE AND 3 MONTHS
AFTER HOSPITAL ADMISSION

Parameters Examination period Without CVDs (n = 92) With CVDs (n = 258) p
At baseline 4.98 [3.88; 6.70] 6.53[4.92;8.13] <0.001
WBS, 10°/L ) .
(horm: 4.0-8.8) In 3 months 4.56 [4.04;5.72] 5.65[4.81;6.78] <0.001
p 0.050 <0.001
At baseline 1.43[1.01;1.95] 1.23[0.88; 1.67] 0.035
LYM, 10%/L . .
(horm: 1,4-8) In 3 months 1.58[1.41;1.90] 1.92[1.61;2.32] <0.001
p 0.011 <0.001
At baseline 2.94[2.02; 4.43] 4.37[2.98; 6.29] <0.001
NEU, 10°/L . .
stiie LT In 3 months 2.52[2.04;3.16] 3.05[2.38;3.81] <0.001
p 0.010 <0.001
At baseline 0.03[0.01;0.10] 0.02 [0.01; 0.06] 0.025
9
0k, MO In 3 months 0.10[0.06; 0.16] 0.12[0.08; 0.18] 0.048
(norm: 0-5)
p <0.001 <0.001
At baseline 1.96 [1.30; 3.09] 3.47[2.03;6.18] <0.001
NLR In 3 months 1.57[1.17; 2.06] 1.57[1.17; 2.00] 0.659
(norm: 1.6-1.8) ’ T ’ T ’
p 0.004 <0.001
At baseline 0.11[0.02; 0.38] 0.02[0.01; 0.04] <0.001
LYM/CRP In 3 months 0.51[0.32;1.63] 0.39[0.26; 0.74] 0.005
p <0.001 <0.001

Note. WBS — white blood cells; LYM — the number of lymphocytes; NEU — the number of neutrophils; EOS — the number of eosinophils; NLR — the ratio of neutrophils to ymphocytes; LYM/CRP — the ratio of leuko-
cytes to C-reactive protein. p is the statistical significance of the differences in parameters: horizontally — between the first and second groups; vertically — within the group in dynamics — at baseline and 3 months af-

ter discharge from the hospital.

and 65.10 [32.00; 128.00 mg/L]) in both groups with a de-
crease in the parameters after 3 months with a continued
value excess in the second group (p < 0.001, respectively).

It is important to note that during the planned com-
plex drug therapy performed 3 months after discharge,
the second group showed increased levels of homocysteine,
IL-6, and hs-CRP (14.36 + 6.08 and 14.67 + 6.69 mmol/L),
(1.75 [1.30; 2.45] and 2.26 [1.60; 3.90] pg/ml), (2.13 + 2.26
and 4.13 +3.92 mg/L), exceeding both the reference values
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and the indicators in the first group. The recorded parame-
ters related to the planned complex drug therapy indicate
the presence of increased vascular inflammatory potential
for the development of possible adverse events in patients
during the post-COVID period.

Simultaneously with blood sampling at the point
"3 months after hospital discharge", a medical psycholo-
gist collected questionnaire details from all patients reflect-
ing the psycho-emotional state of patients who had un-
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TABLE 3

COMPARATIVE CHARACTERISTICS OF THE SEVERITY OF DISORDERS OF THE PSYCHO-EMOTIONAL SPHERE
AND QUALITY OF LIFE IN PATIENTS WITH THE ABSENCE AND PRESENCE OF CARDIOVASCULAR DISEASES
WHO SUFFERED FROM COVID-19 PNEUMONIA, THREE MONTHS AFTER HOSPITAL ADMISSION

Parameters Without CVD, Me [25%; 75%] With CVD, Me [25%; 75%] p
Signs of anxiety 3.00[1.00; 6.00] 2.00[1.00; 6.00] 0.770
Signs of depression 3.00[1.00; 5.00] 3.00[1.00; 6.00] 0.507
Signs of stress 20.00 [15.00; 25.00] 21.00 [15.00; 26.00] 0.300
The physical health 50.27[47.31;52.72] 46.88 [41.33; 50.88] 0.000
Psychological health 67.08 [57.17;71.18] 65.55[57.66; 72.01] 0.748

dergone COVID-19. Screening scales GAD-7 (signs of an-
xiety), PHQ-9 (signs of depression), SHVS (signs of stress)
and SF-36 questionnaire were used to assess patients’ qual-
ity of life. The data of general characterization of the psy-
chological sphere of patients showed that in the general
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group of patients, signs of anxiety and depression were de-
tected 3 months after hospital discharge in more than 30 %
of the examined patients, signs of stress — in 10.4 %.
In the group of patients with CVDs, disorders of the psy-
cho-emotional sphere were found in 1/4 of the patients en-

Infectious diseases



TABLE 4

RESULTS OF REGRESSION ANALYSIS OF THE EFFECT OF BLOOD PARAMETERS IN PATIENTS WITH CARDIOVASCULAR
DISEASES ON THE PSYCHO-EMOTIONAL STATE AND QUALITY OF LIFE THREE MONTHS AFTER HOSPITAL DISCHARGE

Parameters Predictors

Severity of anxiety Thrombocrit

Fibrinogen
Severity of depression LDH

Ferritin
Severity of stress Fibrinogen

Glucose (acute period)

The physical health Hematocrit

Average hemoglobin concentration

rolled in the study. Severe stress is typical for 8 % of those
included in the study.

When comparing the severity of disorders of the psy-
cho-emotional sphere and generalized indicators of QOL
(SF-36), the results of only the physical health differ
statistically significantly between groups of patients
with the absence and presence of CVD. The data is shown
in Table 3.

The physical health was statistically significantly re-
duced in the group of CVD patients, which is consist-
ent with the clinical data on the presence of an increase
in the frequency of crisis states of hypertension, newly de-
tected cases of coronary heart disease (6.1 %), chronic heart
failure (8.7 %) and 1 case of diabetes mellitus in this group.
There were no differences between the groups by catego-
ries of psycho-emotional state.

The relationship of the psychological state of CVD pa-
tients and hematological and biochemical blood parame-
ters is shown by the results of correlation analysis. During
admission, the psychological health is inversely correlated
with the level of neutrophils (r=-0.137; p = 0.044) and di-
rectly correlates with the level of fibrinogen (r = 1.135;
p=0.050); the physical health is interrelated with the level
of erythrocytes (r=0.140; p < 0.030), hemoglobin (r=0.158;
p = 0.015), CRP (r = -0,200; p = 0.002), CPK (r = 0.175;
p =0.036) and glucose (r=-0,182; p = 0.017). In the post-
COVID period (3 months after discharge), the psycholog-
ical health was associated with the level of transform-
ing growth beta factor (r = 0.404; p = 0.030); the physi-
cal health was associated with the level of erythrocytes
(r=10.143; p = 0.023), hemoglobin (r = 1.222; p = 0.001),

Non-standardized
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Standardized

coefficient b coefficient B P
17.855 0.226 0.014
1.700 0.256 0.007
0.030 0.226 0.015
-0.008 -0.203 0.031
3.002 0.265 0.003
-0.727 -0.356 0.003
0.326 0.188 0.002
1.068 0.148 0.017

hematocrit (r=0.187; p =0.003). During general data pro-
cessing, it was recorded that the level of anxiety and de-
pression was more related to hematological indicators,
while the level of stress was more related to the level
of inflammatory parameters. The results of the regression
analysis aimed at determining blood biomarkers that af-
fect the psycho-emotional state and CVD patients’s qual-
ity of life are given in Table 4.

The results of the regression analysis indicate that an in-
crease in the level of anxiety in patients with cardiovas-
cular diseases is associated with an increase in the blood
thrombocrit level. Depression scores increase statistically
significantly with an increase in fibrinogen and LDH levels
and a decrease in ferritin levels. The severity of stress is af-
fected by changes in the level of fibrinogen.

In addition, the analysis showed that in patients with
cardiovascular diseases, 3 months after hospital admission,
the physical health has an inverse relationship with glu-
cose levels in the acute period of the disease. Increased
glucose levels contribute to a prolonged deterioration
of the physical component of QOL, especially in patients
with baseline elevated glucose levels. Increased hemato-
critand average hemoglobin concentration after discharge
add scores to the physical health component, which indi-
cates an improvement in patients’ quality of life.

DISCUSSION

Based on a number of studies, patients who have un-
dergone COVID-19 often show altered parameters of lab-



oratory findings in the post-COVID period, the relation-
ship between which and newly emerged clinical mani-
festations may indicate the presence of a latent prognos-
tic potential in the development of delayed cardiovascu-
lar events [11-18].

Most of the published results have been confirmed
in our works and our own data have been obtained, in par-
ticular, on the association of the volume of lung tissue le-
sion with the parameters of erythrocyte and leukocyte for-
mulas, coagulation profile, liver enzymes at the initial stage
of the disease, on the influence of inflammatory markers
and hyperglycemia on the risk of adverse vascular com-
plications of the disease [20]. Thus, lymphopenia and eo-
sinopenia have prognostic significance in the detection
of a severe course of the disease and hospital mortality [13,
14]. Registered microangiopathies and microthrombosis
in hepatic sinusoids are associated with impaired hepatic
enzyme levels, with elevated bilirubin levels and hypergly-
cemia associated with the persistent inflammatory process
in hepatocytes and cholangiocytes [15-20].

The problem of psychological consequences of COV-
ID-19 is the object of attention. Many authors have noted
a significant degree of heterogeneity in terms of popula-
tions, sampling methods, and scales in such studies, which
complicates data interpretation [21, 22]. Dozens of meta-
analyses are devoted to physical and mental health. For ex-
ample, in Europe, more than 3 million people participated
in 692 primary studies where it was shown that the prev-
alence of psychological problems was closely related
to the patients themselves, their environment and so-
cial support. The findings clearly indicate that social isola-
tion is associated with a number of adverse consequences
for physical and mental health [23-25].

The research results published by Chinese experts
showed that 53.8 % of respondents who underwent
COVID-19 assessed the registered individual psycholog-
ical manifestations as protective factors. Anxiety is de-
signed to perform an adaptive function in stressful cir-
cumstances, which in a pandemic are represented by so-
cial aspects of isolation and distancing, the use of antisep-
tics, as well as concern about health, future and materi-
al well-being. Functional level anxiety motivates a person
to look for ways to solve problems, change habitual behav-
ior, which allows patients to strengthen their faith in the
competence of physicians and reports on successful re-
covery, having a mobilizing effect on a person. However,
the presence of severe anxiety negatively affects cogni-
tive functioning and coping behavior aimed at overcom-
ing problematic situations [21].

The level of psychological stress is more often associ-
ated with a deterioration in social functioning: a decrease
or lack of support, the detection of COVID-19 in relatives
or the loss of ones due to infection, as well as the presence
of anon-transmissible disease that significantly worsens so-
matic health. Overstress is often combined with symptoms
of anxiety or depression, which seriously impairs a person’s
adaptive abilities.

According to the results of research by Russian scientists,
severe deterioration in both physical and emotional health
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has been recorded in the post-reproductive-stage women
after suffering a moderately severe form of COVID-19. The re-
sults suggest a potential link between COVID-19 and future
risk of cognitive decline, persistent deterioration of health
and quality of life [23].

Depressive states are often a response to changesin so-
cial status, marital status, and material well-being. After
COVID-19, factors contributing to persistent mood declines
include persistent physiological manifestations of the dis-
ease (prolonged loss of taste and smell, sleep disorders,
increased heartbeat and fatigue), peculiarities of disease
perception and behavior (frequent news viewing and iso-
lation after hospital discharge) [22].

It is known that patients with cardiovascular diseas-
es are characterized by high comorbidity with disorders
of the anxiety and depressive spectrum, which not only
worsens the severity of the course and prognosis of the dis-
ease, but also contributes to a decrease in the effectiveness
of the therapy received by the patient. In this regard, it is rec-
ommended to influence psychosocial factors with the use
of pharmacological therapy and psychological correction
in this category of patients [26].

During the study, the data on the study of neuroimmu-
nological processes and their association with proinflamma-
tory cytokines in the pathogenesis of anxiety-depressive dis-
orders were of particular interest to us [21, 27].

Intensely perceived stress leads to activation of the au-
tonomic nervous system and hypothalamic-pituitary-ad-
renal axis, resulting in increased levels of cortisol, adrena-
line, norepinephrine. This in turn enhances the inflamma-
tory response by inhibiting humoral and cellular immuni-
ty, and changes the balance of pro-inflammatory cytokines.
Atthe same time, SARS-CoV-2 infection leads to the produc-
tion of IL-Ib and IL-6 [27]. The works of other authors con-
firm the relationship between fibrinogen and stress, which
leads to the formation of endothelial dysfunction and de-
terioration of cardiovascular health [28]. It is also known
that the presence of anxiety states is associated with in-
creased levels of platelet counts [29]. The relationship be-
tween fibrinogen, depression and CVD has also been de-
scribed, where researchers consider fibrinogen as the key
factor in the formation of cardiovascular disorders, since
this marker contributes to increased platelet aggrega-
tion and blood clotting, which increases plasma viscosity
and thrombosis [30]. In addition, the literature describes
the relationship of depressive states with ferritin, which
is a biomarker of the iron amount in the blood. H.S. Lee
et al. found a relationship between ferritin, depression,
and overweight, which aggravates the course of CVD [31].
The effect of glucose and the consequences of the forma-
tion of excessive amounts of metabolically active free ox-
ygen radicals in the acute period of COVID-19 on the de-
terioration of the physical aspect of QOL is of interest [32].
In addition, we should not forget about the possible mech-
anisms of drug-induced lesion processes of the target or-
gans and systems, modifying both psychological and phys-
ical components of health [21, 25].

The decrease in the level of proinflammatory cytokines
IL-18, tumor necrosis factor a, responsible for depressive-



like behavior recorded in animal models by antidepres-
sants broadens the research horizons of possible preven-
tion and complex therapy of patients with viral infections
in the future [21].

Study limitations

In this paper, only generalized data on the psycho-
logical and physical components of health were studied.
In the future, detailed characteristics of the studied data
will be described, taking into account age, gender, and so-
cial characteristics.

CONCLUSION

Analysis of the literature data and our own research
results suggest that the detected changes in biomark-
ers and the presence of their relationship with psycho-
logical manifestations allow us to consider the expec-
tation of an increase in anxiety-depressive disorders
in COVID-19 survivors justified, determining the rele-
vance of the medical problem under study. The lack
of data in terms of the common links in the pathogene-
sis of the investigated combined states allows, through
the study of laboratory markers, to identify a range of pa-
rameters that together can both initiate and maintain the
duration of a prolonged vascular reaction that determines
the risk of developing both cardiovascular and neuropsy-
chiatric complications.

Our findings indicate the need for dynamic follow-
up of patients and the feasibility of developing preven-
tive measures optimized by specialized specialists, both
for the post-COVID period and for future waves of the pan-
demic and subsequent daily life.
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