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ABSTRACT

Aim. To study the cardiometabolic and echocardiographic characteristics of COVID-19 convalescents, including
patients with the cardiovascular phenotype of )post COVID-19 condition (PCC).

Materials and methods. The sample included 270 COVID-19 convalescents (62 without PCC and 208 with PCC).
In the subgroup with PCC, 16 convalescents had a cardiovascular phenotype. The study took into account the data
of anamnesis, anthropometry, several clinical and biochemical blood parameters, and instrumental diagnostic data
(electrocardiography and echocardiography).

Results. In COVID-19 convalescents with PCC (n = 208), fasting plasma glucose levels were 1.10 times higher
(p < 0.001), abdominal obesity (AO) was 5.52 times more common (p < 0.001), arterial hypertension (AH) was
4.96 times more common (p < 0.001), diastolic dysfunction grade I was 5.55 times more common (p = 0.002), and
left ventricular hypertrophy was 7 times more common (p = 0.005). The indices of maximum blood flow velocity
and pressure gradient in the pulmonary artery in convalescents with PCC were 1.08-fold (» = 0.020) and 1.14-fold
(p = 0.043) lower, respectively. In COVID-19 convalescents with PCC (n = 16) and a cardiovascular phenotype,
total cholesterol (TC) was 1.11 times higher (» = 0.039), low-density lipoprotein cholesterol (LDL-C) was 1.21
times higher (p = 0.004), high-density lipoprotein cholesterol (HDL-C) was 1.22 times lower (» = 0.040), non-high-
density lipoprotein cholesterol (non-HDL-C) was 1.24 times higher (» = 0.005) compared with patients without a
cardiovascular phenotype. An increase in TC, LDL-C, and non-HDL-C and a decrease in HDL-C are associated
with the cardiovascular phenotype of PCC regardless of gender, age, body mass index, and lipid-lowering therapy.

Conclusion. According to the study, echocardiographic changes and cardiometabolic risk factors, such as AO, AH,
and carbohydrate metabolism disorders, were more common in patients with PCC. The cardiovascular phenotype
of PCC is associated with an increase in TC, LDL-C, non-HDL-C, and a decrease in HDL-C.
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PE3IOME

Henas. M3yuuts kapauomeTaboiiiueckue W OXOKapAHorpaguueckue XapaKTepHCTHKHA PEKOHBAIECIECHTOB
COVID-19, B TOM 4ncIie TAMEHTOB C CEPACYHO-COCYJUCTHIM (PeHOTHIIOM rocTKoBHAHOTO cuHapoma (TIKC).

MartepuaJjbl u MeToabl. Bribopka 270 pexonBanecrienToB COVID-19: 62 6e3 ITIKC u 208 ¢ TIKC. B moarpymme ¢
ITKC 16 pexoHBaIECIICHTOB UMENH CEPIeUHO-COCYAUCTHIN (heHOTHII. B X0/1e Hcce10Banust yIUTHIBAINCE JTAHHEIE
aHaMHe3a, aHTPONOMETPHH, PAa KIMHUYECKAX, OMOXMMHUYECKUX MTOKa3aTesIed KPOBHU, JAaHHBIX HHCTPYMEHTAIIb-
HOHM TUaTHOCTUKHY (JIEKTpOKapANOrpadun U HXOKapAnorpadum).

PesyabTartsel. Y pexonBanecuenToB COVID-19 ¢ ITIKC (7 = 208) ypoBeHb TTIOKO3BI ITa3Mbl KPOBH HATOIIAK OBLI
Boie B 1,10 pasa (p < 0,001), game Betpevanucs: abgomunansHoe oxupenne (AO) B 5,52 pasa (p < 0,001), ap-
tepuanpHas runeprensus (Al) B 4,96 pasza (p < 0,001), nnacronuueckast quchynkuus | crenenu B 5,55 paza (p =
0,002) nu runeptpodus geBoro xerynoudka B 7 pa3 (p = 0,005), mokazarenn MakCUMaJIbHOM CKOPOCTH KPOBOTOKA U
rpajiveHTa JaBJIeHHs B IETOYHOH apTepun y pekonBaiecienTos ¢ [IKC 6bumn vike B 1,08 (p = 0,020) u 1,14 pasa
(p =0,043) coorBerctBerHo. Y pexonsanecienToB COVID-19 ¢ ITKC (7 = 16), IMEIOIIUX CEpACUHO-COCYAUCTHIH
(henorumn, o6muit xonecrepun (OXC) Berme B 1,11 pasa (p = 0,039), XonecTepuH TUMONPOTEUHOB HU3KOH MIIOTHO-
ctu (XC-JIHIT) Berme B 1,21 pasa (p = 0,004), XxonecTepuH IMIONPOTEHHOB BEICOKOH MtoTHOCTH (X C-JIBII) HIKE
B 1,22 pasa (p = 0,040), xonecTepuH MUNIONPOTEeNHOB HeBbIcokol uioTHOCTH (XC-nelIBII) Boime B 1,24 pasa
(p = 0,005) o cpaBHEHHUIO C MalKEHTaMu 0e3 cepliedHO-cocyaucToro GpeHoruna. Yeennuenne OXC, XC-JIHII,
XC-neJIBII n ymensmerne X C-JIBIT acconumpoBansl ¢ cepaedno-cocynucteiM Gpenorunom [IKC HezaBucumo ot
ToJ1a, BO3pAcTa, MHACKCA MACChI TeJla M THIIOJIUINIEMHYECKOH Tepartiu.

3akiouenne. [To nannbv uccnenoBanus y nanueHtos ¢ [IKC yaie BcTpevanuch Xxokapauorpapuaeckie u3me-
HeHHs U KapanoMmerabosinueckue (pakTopbl pucka, Takue kak AO, AT u HapyuieHus yriieBogHoro oomena. Cep-
neuno-cocyauctbiit penotun [TKC accounuposan ¢ ysennuennem OXC, XC-JIHII, XC-ueJIBII 1 ymeHbIeHHEM
XC-JIBII.

Kirouessle ciioBa: pekonsanectueHTsl COVID-19, mocTKOBUIHBIN CHHIPOM, CEPACYHO-COCYTUCTHIN (peHOTHUIT

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcroynuk ¢punancupoBanms. VccnenoBanue BHIIONIHEHO B paMKkax OromkeTHol TeMbl Ne FWNR-2024-0002 u
npu noaaepxkke crunenauu [pesunenta PO CIT2974.2022.4.
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INTRODUCTION

According to the World Health Organization
(WHO), 10-20% of new coronavirus infection
(COVID-19) convalescents have consequences that
manifest as new diseases, as well as decompensation
of existing chronic non-communicable diseases,
known as post COVID-19 condition (PCC).

In the acute course of COVID-19, the respiratory
system is mainly affected through target cells
having angiotensin-converting enzyme 2 (ACE2)
receptors. However, ACE2 receptors are found in the
cytoplasmic membrane of not only alveolar cells but
also enterocytes of the small intestine, smooth muscle
cells of the arteries, endothelial cells of the arteries
and veins, and cells of tissues of the brain, esophagus,
adrenal glands, bladder, etc. [1, 2].

Clinical cardiovascular manifestations are an
important aspect of PCC [3]. Their structuring will
greatly contribute to the search for a comprehensive,
targeted approach to COVID-19 convalescents in
order to diagnose and prevent complications early.

Aim. To study the cardiometabolic and echo-
cardiographic characteristics of COVID-19 con-

8(33.3%)

8(33.3%),

3(12.5%)

1(4.2%)

New onset of CVD n (%)
m dyslipidemia =AH = HF =TIA

valescents, including patients with the cardiovascular
phenotype of post COVID-19 condition (PCC).

MATERIALS AND METHODS

A one-stage observational study of COVID-19
convalescents was performed at the Research Institute
of Internal and Preventive Medicine, branch of the
Institute of Cytology and Genetics, Siberian Branch
of the Russian Academy of Sciences.

The study included 270 COVID-19 convalescents
whose average age was 53.2 £13.2 years. All the
subjects were divided into subgroups depending on
the presence of PCC: 62 without PCC (58.1% were
men) and 208 with PCC (45.2% were men). The
group of COVID-19 convalescents with PCC was
formed taking into account the WHO criteria [4].
In the group of people with PCC, a cardiovascular
phenotype was identified (16 people, 56.3% were
men), represented by new onsets of cardiovascular
diseases (CVD), as well as decompensation of
pre-existing diseases of the cardiovascular system
before COVID-19 infection. The structure of the
cardiovascular phenotype is shown in Figure 1.

2(8.3%)
1(4.2%)

Decompensation CVD n (%)
= AH = arrhythmia

Fig. 1. The structure of the cardiovascular phenotype

Acrterial hypertension (AH) was recorded at systolic
blood pressure (SBP) > 140 mm Hg and/or diastolic
blood pressure (DBP) > 90 mm Hg. Body mass index
(BMI) was calculated using the formula: BMI (kg/
m?) = body weight (kg)/height (m?) [5]. Abdominal
obesity (AO) was recorded

according to measurements of waist circumference
> 94 cm (men) and > 80 cm (women).

Echocardiography (Echo) was performed in all
patients using a Toshiba Aplio 500 color ultrasound
scanner (Japan). The left ventricular myocardial mass
(LVMM) was determined using the Penn Convention
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formula [6]: LVMM (g) = 1.04 x ((LVEDD +IVSD +
PWD]*-[LVEDD]J?) - 13.6. Body surface area (BSA)
according to the Du Bois and Du Bois formula:
BSA (m?) = 0.007184 x weight (kg)***® x height
(cm)®™ [7]. The calculation of the relative wall
thickness (RWT) of the left ventricle (LV) was
carried out according to the formula: RWT (units)
= PWD x 2 / LVEDD [8]. The LV myocardial
mass index (LVMI) was calculated using the
formula: LVMI (g/m?) = LVMM [/ BSA. The
criteria for left ventricular hypertrophy (LVH)
were the following parameters: (LVH (LVMM,
g/height, m), ASE formula for overweight and obese
patients: for men > 50 g/m?7, for women > 47 g/m?’,
and for patients with normal body weight, indexing
was carried out using BSA > 115 g/m? (men) and
> 95 g/m? (women) [9].

Left ventricular diastolic dysfunction (LVDD)
was assessed using Echo criteria: grade 1 LVDD
was established if the ratio of LV filling pressure in
the early diastole and atrial systole was (E/A) < 0.8,
and the LV filling pressure in the early diastole (E)
was < 50 cm/s; grade 2 LVDD was established if
two of the following three criteria were positive:
1) the ratio of the early LV diastolic filling pressure and
the left ventricular posterior wall in the early diastole
(E/e’ > 14); 2) left atrial volume indexed for body
surface area (> 34 ml/m?); 3) maximum tricuspid
regurgitation rate > 2.8 m/s. Grade 3 LVDD was
established when the E/A ratio was > 2 [10].

The erythrocyte sedimentation rate (ESR) was
determined by the indirect Panchenkov’s method (a
space-dependent neutron kinetics model utilizing an
integral representation of the Boltzmann equation).

Age

M without PCC B with PCC

Biochemical parameters of blood (aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), uric acid, fibrinogen, prothrombin index
(PTI), activated partial thromboplastin time (APTT),
C-reactive protein (CRP), fasting blood glucose,
creatinine, total cholesterol (TC), high lipoprotein
cholesterol densities (HDL-C), triglycerides (TG)
were determined using Thermo Fisher Scientific
kits (Finland) on a Konelab Prime 30i biochemical
analyzer (Thermo Fisher Scientific, Finland).
Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald formula: LDL-C (in
mmol/l) = TC — HDL-C — TG/2.2. Non-high-density
lipoprotein cholesterol (non-HDL-C) was calculated
using the formula: TC — HDL-C [11].

Statistical processing of the obtained results was
performed using the SPSS software package (version
13.0). The results are presented as the median of the
lower and upper quartiles Me [25;75]. We used the
Mann-Whitney test to compare groups and univariate
logistic regression analysis to evaluate the odds ratio.
Spearman’s rank correlation coefficient was used
to assess correlations. The groups were compared
regarding frequency using conjugation tables and the
Pearson’s chi-squared test. When testing statistical
hypotheses, the critical level of significance was
at p <0.05.

RESULTS

According to demographic data, the age of
convalescents with PCC was 1.18 times higher
(p = 0.003) than that of convalescents without PCC
(Fig. 2). No statistically significant differences were
revealed regarding gender (p = 0.075).

B 1% 114(54.8%)
94(45.2%)
26(41.9%) I
withont PCC with PCC
m men = women

Fig. 2. Demographic data of COVID-19 convalescents with and without PCC
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The analysis of anamnestic data revealed that at
the outpatient and inpatient stages of treatment for the
acute period of COVID-19, patients received various
groups of medications. The analysis included records of
only those patients for whom it was possible to clarify
the data on medication intake. Thus, anticoagulant
therapy was received by 6 (9.7% of 19) convalescents
without PCC and 33 (15.9% of 72) convalescents
with PCC (p = 0.264), oxygen therapy — by 2 (3.2%
of 29) convalescents without PCC and 14 (6.7% of
84) with PCC (p = 0.193), glucocorticoid therapy —

Glucose
B without PCC  m with PCC

by 7 (11.3% of 25) convalescents without PCC and
30 (14.4% of 75) with PCC (p = 0.282), antibiotics —
by 17 (27.4% of 26) convalescents without PCC and
62 (29.8% of 83) with PCC (p = 0.353), antiviral
therapy — by 13 (21.0% of 25) convalescents without
PCC and 35 (16.8% of 78) with PCC (p = 0.534).

Statistical processing of laboratory data revealed
that in the group of people with PCC, fasting blood
glucose and fibrinogen levels were 1.10 times higher
(p < 0.001) and 1.13 times higher (»p = 0.007),
respectively (Fig. 3).

Fibrinogen
M with PCC

B without PCC

Fig. 3. Fasting blood glucose and fibrinogen levels in COVID-19 convalescents with and without PCC

According to Echo data, LVRWT was 1.07 times
larger in patients with PCC, grade 1 LVDD was 5.55
times more common, LVH was 7 times more common
compared with people without PCC. In individuals
with PCC, AO and AH were also more common — by

5.52 and 4.96 times, respectively, than in individuals
without PCC. When comparing the maximum blood
flow velocity and the pressure gradient in the pulmonary
artery in individuals with PCC, the parameters were
1.08 and 1.14 times lower, respectively (Table 1).

Table 1
Characterization of Morphofunctional Parameters of Individuals with and without PCC
Parameters COVID-19 convalescents without | Convalescents of COVID-19 with »
PCC,n=62 PCC, n = 208
QT, s 0.36 [0.33;0.37 0.35[0.34;0.37 0.565
QRS, s 0.08 [0.08;0.09 0.08 [0.08;0.09 0.975
Ao, mm 32.65 [30.00;35.00 32.00[29.73;35.00] 0.469
LA diameter, mm 37.10 [34.00;40.00 38.00 [35.00;42.00] 0.074
LA length, mm 49.00 [45.00;52.00 50.00 [46.00;55.00 0.069
RV, mm 27.50 [21.25;32.75 26.00 [21.00;31.00 0.537
IVSD, mm 10.15 [8.90;11.00] 10.50 [9.50;12.00] 0.075
LV, mm 50.10 [48.00;52.88] 51.00 [47.00;54.00] 0.347
LVESD, mm 31.00 [29.00;33.00] 31.90 [29.00;34.00] 0.429
PWd, mm 8.80 [8.00;9.48] 9.00 [8.30;10.00] 0.060
RA diameter, mm 35.00 [32.00;37.75 35.00 [32.00;38.00 0.679
RA length, mm 46.00 [43.00;52.00 48.00 [44.00;51.00 0.146
Mitral valve, m/s, Vmax 0.69 [0.52;0.82] 0.67 [0.55;0.75] 0.463
Mitral valve, gradient, mm Hg 1.90 [1.10;2.70 1.80[1.20;2.20 0.434
Aortic valve, m/s, Vmax 1.23[1.15;1.43 1.30[1.19;1.45 0.264
Aortic valve, gradient, mm Hg 6.05 [5.35;8.20 6.80 [5.70;8.40 0.284
Pulmonary artery, m/s, Vmax 0.90 [0.80;1.04 0.83[0.73;0.96 0.020
Pulmonary artery, gradient, mm Hg 3.20 [2.43;4.35] 2.80[2.10;3.63] 0.043
Bulletin of Siberian Medicine. 2025; 24 (3): 25-33 29
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End of Table 1

Parameters COVID-19 convalescents without | Convalescents of COVID-19 with »
PCC,n=62 PCC, n =208
EF by the Simpson method, % 67.00 [63.25;69.00] 67.00 [63.00;70.00] 0.564
Mean pulmonary artery pressure, mm Hg 19.50 [14.00;22.75] 20.00 [15.00;24.00] 0.408
LVDD (grade 1), abs. (%) 22 (35.50) 122 (58.70) 0.002
LVMM, g 176.00 [143.50;194.75] 182.50 [153.00;224.00] 0.100
LVMI, g/m? 88.23 [79.34;99.67] 92.15 [82.00;110.12] 0.052
LVRWT, U 1.51[1.28;1.89] 1.62 [1.38;1.93] 0.049
LVH, abs. (%) 11 (17.70) 77 (37.00) 0.005

Note. AO — the diameter of the aortic root, LA — left atrium, RV — size of the right ventricle in a four—chamber section, IVSD — interventricular
septum thickness during diastole, LVEDD - left ventricular end-diastolic diameter, LVESD - left ventricular end-systolic diameter, PWd — left
ventricular posterior wall thickness during diastole, RA — right atrium, LVDD - left ventricular diastolic dysfunction, LVMM - left ventricular
myocardial mass, LVMI - left ventricular myocardial mass index, LVRWT - relative wall thickness of the left ventricle, L\VH — left ventricular

hypertrophy

When analyzing demographic and anamnestic

parameters in the group of COVID-19 convalescents
with a cardiovascular phenotype, it was revealed
that those with this phenotype were younger than

Table 2

Comparative Characteristics of Drug Therapy for COVID-19
Convalescents with a Cardiovascular Phenotype and Other

COVID-19 Convalescents, abs. (%)

other convalescents with PCC. Before the debut of
COVID-19, blood pressure figures reached target
values in people with decompensated cardiovascular

phenotype, and optimal therapy was selected. The
comparative characteristics of drug treatment are

given in Table 2.

When analyzing cardiometabolic risk factors in the
group with the cardiovascular phenotype, TC was 1.11
times higher, LDL-C was 1.21 times higher, HDL-C
was 1.22 times lower, and non-HDL-C was 1.24 times
higher than in other convalescents (Table 3).

COVID-19 con- Other
valescents with | COVID-19
Parameter a cardiovascular | convalescents | p
phenotype, with PCC,
n=16 n =192
Angiotensin-converting | 4 g 39 51 (26.6%) | 0.070
enzyme inhibitors
Angiotensin Il receptor o o
blockers 0 (0.0%) 49 (25.5%) | 0.020
Beta-blockers 2 (12.5%) 59 (30.7%) | 0.121
Calcium channel o 0
blockers 0 (0.0%) 34 (17.7%) | 0.065
Diuretics 0 (0.0%) 54 (28.1%) | 0.013
Centrally acting o 0
antihypertensive agents 1(6.3%) 8 (4.2%) 0.698
Table 3

Cardiometabolic Risk Factors in COVID-19 Convalescents with a Cardiovascular Phenotype and Other COVID-19 Convalescents,

Me [25;75]
COVID-19 convalescents with a cardiovascular | Other COVID-19 convalescents with PCC,
Parameters -~ _ P
phenotype, n = 16 n=192
Age, years 46.00 [41.25;55.00] 56.00 [46.00;65.00] 0.016
Men, abs (%) 9 (56.30) 85 (44.30) 0.355
BMI 28.03 [24.73;32.78] 29.03 [25.07;33.47] 0.605
WC, cm 97.00 [88.50;106.00] 100.00 [88.00;110.00] 0.390
Smoking, years, abs. (%) 6 (37.50) 66 (34.40) 0.801
PA < 3 h/week, abs. (%) 12 (75.00) 134 (69.80) 0.621
SBP, mm Hg 129.75[118.13;140.00] 126.75 [115.63;135.00] 0.692
DBP, mm Hg 84.75 [73.13;90.00 80.00 [75.00;87.38 0.231
Heart rate, bpm 67.50 [57.25;71.50 67.00 [62.00;75.00 0.295
FBG, mmol/l 5.95 [5.50;6.45] 6.30 [5.70;7.00] 0.108
TC, mmol/l 5.86 [5.29;6.72] 5.27 [4.51;6.10] 0.039
LDL-C, mmol/l 4.05[3.62;4.71] 3.29 [2.50;3.99] 0.004
HDL-C, mmol/l 1.06 [0.82;1.40] 1.29[1.05;1.60] 0.040
Triglycerides, mmol/l 1.40[1.09;2.42 1.40 [0.96;2.09 0.515
non-HDL-C, mmol/I 4,90 [4.20;5.70 3.91[3.12;4.75 0.005
Fibrinogen, g/l 4.00 [2.88;4.61 3.55[2.88;4.00 0.198

Note. Here and in Table 4: BMI — body mass index, WC — waist circumference, PA < 3 — physical activity less than 3 hours per week,
SBP — systolic blood pressure, DBP — diastolic blood pressure, HR — heart rate, TC — total cholesterol, LDL-C —low-density lipoprotein
cholesterol, HDL-C — high-density lipoprotein cholesterol, non-HDL-C — high-density non-lipoprotein cholesterol.
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According to instrumental research methods, no
differences were revealed between the cardiovascular
phenotype and other individuals with PCC.

Logistic regression analysis identified the
correlations of the cardiovascular phenotype with

the level of TCH, LDL-C, HDL-C, and non-HDL-C
(Table 4). The odds of having a cardiovascular
phenotype increased twofold along with an increase
in atherogenic lipid fractions and by 12.5 times along
with a decrease in HDL-C.

Table 4

Logistic Regression Analysis of Parameters Associated with the Cardiovascular Phenotype of Post COVID-19 Condition

Parameter Model 1 » Model 2 » Model 3 » Model 4 »
Exp(B), Exp(B), Exp(B), Exp(B),

Age, in year 1 09050999 | ¥ | oviosss | % | oomtons | O | ossrossy | 08
Sex, MW (0.2252?004) 0.481 (0.24(1);—222.3196) 0574 (0.3222{.3156) 0989 (o.zgé{igiss) 0700
BMI, per 1 kg/™ (o.gllégqéloe) 0872 (0.911£(i(.)098) 0994 (o.sgsﬁ?osz) 0300 (o.9gi391?092) 0869
?e);?r?cl)ipidemic e oosioazg | % | oosrong | 9% | posmarss | ©19 | oosoresy | 020
TC, per 1 mmol/l (1.021;:2‘.1483) 0.039
LDL-C, per 1 mmol/l (1.212;2’?407) 0.007
HDL-C, per 1 mmol/I (0.0&%9524) 0.008
e | o
DISCUSSION M.R. Dweck et al. studied a sample consisting of

A number of studies reflect the cytotoxic effect
of SARS-CoV-2 on cardiomyocytes, which is
confirmed by increased markers of cardiovascular
damage [12-14]. However, it remains controversial
whether the long-term cardiovascular manifestations
of COVID-19 are caused by the direct action of the
virus on the heart tissue or are secondary due to the
formation of systemic inflammation and hypoxia [15].

In our study, individuals with PCC were statistically
more likely to have abdominal obesity. AO is known
to affect immune function and endocrine metabolism.
For instance, L. Shang et al. discussed obesity as a risk
factor for the development of PCC [16]. H.W. Kim et
al. described how, through the secretion of chemokines,
perivascular adipose tissue leads to endothelial
dysfunction, vasoconstriction, and proliferation of
smooth muscle cells, which potentially contributes to
the development of cardiovascular diseases [17].

Concomitant chronic diseases are well known to
be risk factors in the development of severe forms of
COVID-19. A number of studies confirm the association
of arterial hypertension in patients with severe and fatal
COVID-19 [18, 19]. However, high blood pressure is
associated with old age, as well as other cardiovascular
risk factors that affect the overall prognosis [3]

patients from 69 countries. As a result, changes in
Echo parameters were detected in 55% of patients
with acute COVID-19 [20]. Long-term studies of the
heart were reflected in the work of I. Yaroslavskaya et
al., which revealed a decrease in systolic and diastolic
function of the left ventricle due to the presence of
chronic heart failure and AH [21]. S.G. Kanorskiy et
al. found a relationship between PCC and DD of the
right ventricle, as well as a significant increase in the
maximum and average pressure gradients on the aortic
valve and the average pressure gradient on the mitral
valve [22]. In our study, convalescents with PCC had
grade 1 diastolic dysfunction of the left ventricle and
Echo signs of left ventricular hypertrophy, which may
be associated with heart damage according to the
modern concepts of the mechanisms of damage to the
cardiovascular system in COVID-19 [23].

When comparing the groups of convalescents with
the cardiovascular phenotype and other phenotypes,
we revealed a difference in the lipid profile. HDL-C
has an antioxidant and immunomodulatory function. It
also binds and neutralizes pathogenic lipids. However,
during the inflammatory process, HDL-C is modified,
which is accompanied by oxidative processes and the
accumulation of oxidized forms of lipids. As a result,
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accumulated LDL-C and TG lead to endothelial
dysfunction and the development of cardiovascular
complications [24].

Several studies have demonstrated an increase in
blood lipids, in particular TG and LDL-C, in the acute
and post-COVID period, regardless of the COVID-19
severity [25, 26]. In our study, high levels of TC, non-
HDL-C, and LDL-C were observed in convalescents
with a cardiovascular phenotype and a decrease in
HDL-C.

CONCLUSION

Patientswith PCC had changes in echocardiography
more often, as well as cardiometabolic risk factors
such as AO, AH, and impaired carbohydrate
metabolism compared with convalescents without
PCC. The cardiovascular phenotype of PCC is more
associated with changes in the lipid profile, namely,
an increase in total cholesterol, LDL-C, non-HDL-C,
and a decrease in HDL-C.
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