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AHHOTALUNA

AxkmyansHocms. Hanuuve runofvMHaMum, TUMNOBEHTUNALMM, @ TaKKEe XPOHMYECKOr0 BOCMAfeHUA Yy MNalMeHToB
C OMMPEHWUEM YCyrybnaeT MX COCTOAHME MPW Pa3nUuHbIX 3aboneBaHUAX. YKa3aHHble 0COGEHHOCTW CTanu BamHbIMU
c npuxogom naHgemum COVID-19, npu KoTopoi Bocnanexme 1 Koarynonarus, 06ycnoBneHHan akTuBauuein TpoMboumTos,
TECHO CBA3aHbl MexK[y CoboM.

Lene. W3yuntb copeprkaHue nabopaTopHbIX MOKasaTeneil BOCManeHUA WM anonto3a TPOMOOLMTOB Y MaLMeHTOB
C OXKMPEHUEM NpPU UCMONb30BaHUM Pa3fINYHbIX BULOB aHTUKOAryNAHTHON NPOPUIAKTUKM BEHO3HBIX TPOMO03IMOONUYECKNX
OCNOXKHeHMiA Ha ¢oHe COVID-19.

Mamepuanel u Memodel. B nccnegosanune BrmiodeHo 370 naumento ¢ COVID-19. B 3aBucmMMocTM oT Hanuuua
WM OTCYTCTBMA OXKMPEHWUA W BapuaHTa MapeHTepanbHOr0 aHTMKOArynaHTa nauMeHTbl B HaLWEM UCCeJ0BaHUM pasfeneHbl
Ha rpynnbl: rpynna 1 — 6e3 oupeHus + HU3KoMonekynApHbIn renapu (HMI) (n = 114), rpynna 2 — 6e3 oupeHus
+ HedpaKLMoHMpoBaHHbIN renapuH (HOT) (n = 58), rpynna 3 — Hanuuve oxumpenunsa + HMI (n = 76), rpynna 4 —
Hannumne orupeHusa + HOI (n = 66). MpoBeseH aHanM3 YacToTbl PasBUTUA BEHO3HBIX TPOMOOIMOONNUECKUX OCOMHEHMIA
(BT30), KpoBOTEYEHMIA, 06LLMX MapKepoB OCTPOM dasbl BocnaneHWs, crneuuduyeckmx MapKepoB anonTo3a TpoM6OLMUTOB
(bochatmanncepuHa 1 KanbpeTUKYINHA).

Pesynemamel. B KoHUe CTaLMOHApHOrO JIlEYEHWA OTMEYEHO CHUMEHWE YPOBHA GeppuTMHA Y NaLMeHTOB
KaK C OMupeHueM, TaK u 6e3 Hero, nonyyasBwux HMI. KoHueHTpauma KanbpeTuKynMHa OKasanach Bbille Y NaLMEHTOB,
npuHumaBLumx HMI (11 3 rpynnbi). YpoBeHb docdatmamnncepmHa MMen BbICOKUE NOKa3aTenn y nauyeHToB, noyyaswmnx HMr,
TONBKO MPU HaNMuYMK OUpeHUA. BbicoKana yacToTa pasBuTUSA TpoM603IMO0MKM NneroyHbix apTepui (T3J1A) 6e3 UcToUHMKa
bbina y nauueHTos, npuHumaslumx HOI, B cpaBHeHun ¢ HMI (13,6% cnyyaes npotuB 2,6% ciy4aeB COOTBETCTBEHHO,
p = 0,029) n T3JA ¢ NCTOYHMKOM B HUMKHUX KoHeuHocTsX (9,1% cnyyaes npoTtus 0% cnyyaeB cootBeTcTBEHHO, p = 0,018).
Mpu ucnonb3oBalnm HMI™ Habnoganach MeHbLIAA YacToTa Pa3BUTMA KPOBOTEYEHWIM B CPaBHEHMM C NpuMeHeHneM HOT
(5,3% cnyyaes npotuB 16,7% cnyyaeB cooTBeTCTBEHHO, p = 0,056).

3aknmoyeHue. YpoBeHb dochaTMamncepuMHa U KanbpeTUKYNIMHA Y NaLMEHTOB C OMWPEHUEM Bbile Y MaLMEHTOB
nonyyaswimx HMI. lpu 3T0M y naLmeHToB faHHOM rpynnbl UMEET MeCTO HU3KadA YacToTa pa3sutua BTI0 u remopparmyeckux
OCNOXHEHMWIA B CPABHEHWM C FPYNMON NauueHToB, NpuHMMaBLnX HOT.
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ABSTRACT

INTRODUCTION: The physical inactivity, hypoventilation, as well as chronic inflammation in obese patients aggravates
their condition in various diseases. These features have become important with the advent of the COVID-19 pandemic, in
which inflammation and platelet-activated coagulopathy are closely linked.

AIM: To study laboratory parameters of inflammation and platelet apoptosis in obese patients using various types of
anticoagulant prophylaxis of venous thromboembolic complications with the underlying COVID-19.

MATERIALS AND METHODS: The study included 370 patients with COVID-19. Depending on the presence or absence
of obesity and the type of parenteral anticoagulant, patients in our study were divided into groups: group 1 — non-
obese + low molecular weight heparin (LMWH) (n = 114), group 2 — non-obese + unfractionated heparin (UFH) (n = 58),
group 3 — obesity + LMWH (n = 76), group 4 — obesity + UFH (n = 66). The incidence of venous thromboembolic
complications (VTEC), bleeding, general markers of the acute phase of inflammation, and specific markers of platelet
apoptosis (phosphatidylserine and calreticulin) have been analyzed.

RESULTS: At the end of hospital treatment, a decrease in ferritin levels was noted in patients both with and
without obesity receiving LMWH. The concentration of calreticulin was higher in patients taking LMWH (groups 1 and 3).
Phosphatidylserine levels were high in patients receiving LMWH only if they were obese. In patients taking UFH compared
to LMWH, a high incidence of pulmonary embolism (PE) without a source (13.6% of cases versus 2.6%, respectively,
p = 0.029) and PE with a source in the lower extremities (9.1% of cases versus 0%, respectively, p = 0.018) was found.
When using LMWH, a lower incidence of bleeding was observed compared to using UFH (5.3% of cases versus 16.7%,
respectively, p = 0.056).

CONCLUSION: The levels of phosphatidylserine and calreticulin are higher in obese patients receiving LMWH. At the
same time, patients in this group have a low incidence of VTEC and hemorrhagic complications compared to the group of
patients taking UFH.
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OPATHATIBHBIE MCCTIEAOBAHNA

LIST OF ABBREVIATIONS

ACT — anticoagulant therapy

AF — atrial fibrillation

ALT — alanine aminotransferase

ALV — artificial lung ventilation

aPTT— activated partial thromboplastin time
AST — aspartate aminotransferase

CAD — coronary artery disease

CKD — chronic kidney disease

COVID-19 — infection caused by new coronavirus SARS-CoV-2
CRP — C-reactive protein

CT — computed tomography

CVD — chronic venous disorder

DM — diabetes mellitus

DOAC — direct oral anticoagulants

DVT — deep vein thrombosis

EH — essential hypertension

INTRODUCTION

According to the literature, venous thromboembolic
complications (VTEC) annually affect 10 million people
worldwide [1]. The incidence of deep vein thrombosis
(DVT) of lower extremities is from 45 to 117 cases per
100 thousand population, and of isolated pulmonary
embolism (PE) from 29 to 78 cases per 100 thousand
population annually [2]. Historically, the main risk
factors for development of VTEC are considered to be
immobilization, trauma, surgical intervention, oncology,
hormonal therapy, coagulation disorders and obesity [3].
In modern literature, division of VTEC risk factors into
major and minor, transient (temporary) and persistent,
can be encountered [4]. One common risk factor for VTEC
is obesity. Effective anticoagulant therapy (ACT) in real
clinical practice is limited by incomplete understanding
of the main prothrombotic mechanisms and uncertainty
about risks, benefits and dosing of anticoagulants
drugs [5]. Two main mechanisms most responsible for
obesity-induced thrombosis, are chronic inflammation
and disorder in fibrinolysis [6]. A consequence of
chronic thrombotic state is activation of prothrombotic
signaling pathways in vascular cells. Stimulation of
vascular endothelium, platelets and other circulating
vascular cells by proinflammatory cytokines leads to
up regulation of procoagulant factors and adhesion
molecules, down regulation of anticoagulant regulatory
proteins, increased production of thrombin and enhanced
activation of platelets [7].

Obese patients characteristically have hypoventilation
syndrome, high risk of respiratory distress syndrome,
hypodynamia, which are also risk factors for VTEC. The
specified peculiarities of obese patients became the
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ESR — erythrocyte sedimentation rate

GU — gastric ulcer

INR — international normalized ratio

ICU — intensive care unit

LMWH — low molecular weight heparin

NILV — non-invasive lung ventilation

OALLA — obliterating atherosclerosis of lower limb arteries
PCR — polymerase chain reaction

PCT — procalcitonin

PE — pulmonary embolism

PICS — post-infarction cardiosclerosis

PT — prothrombin time

SARS-CoV-2 — Severe acute respiratory syndrome-related coronavirus 2
VTEC — venous thromboembolic complications

UDS — ultrasound duplex scanning

UFH — unfractionated heparin

key ones with advent of COVID-19 pandemic, in which
SARS-CoV-2 (Severe acute respiratory syndrome-related
coronavirus 2) virus penetrates endothelial cells and
leads to endotheliitis, apoptosis, activation of platelets
and coagulation factors [8].

In this pathological process, two important roles
in coagulation are played by apoptosis participants:
calreticulin and phosphatidylserine [?]. Calreticulin
is a protein which can ‘oppose thrombosis’ in the
mechanism of blood coagulation [10]. Phosphatidylserine
is a phospholipid that can increase in the amount in
activation of platelets, which leads to production of
thrombin and to hypercoagulation [11]. Considering
that one key mechanism of thrombosis in obesity and
COVID-19 is activation of platelets, an important trend
is investigation of markers of platelet apoptosis and a
possibility of application of anticoagulant therapy (ACT)
in this population of patients.

The aim of this study to the content of specific
markers of platelet apoptosis (phosphatidylserine and
calreticulin) in blood of obese patients using parenteral
anticoagulants.

MATERIALS AND METHODS

A prospective observational study was conducted
from July 2021 to January 2022, which included 370
patients with COVID 19, 135 men and 235 women. The
mean age of patients was 61.1 (23-93) years. The
work was carried out in accordance with the plan of
the Department of Cardiovascular, X-Ray Endovascular
Surgery and Radiation Diagnostics and was approved by
the Local Ethics Committee of the Ryazan State Medical
University (Protocol No. 3 of October 11, 2020). The
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study is registered on the ClinicalTrials.gov platform
(NCT05143567 of December 3, 2020). All procedures
performed in this study comply with the ethical standards
of Declaration of Helsinki of 1975 and its subsequent
amendments or with comparable ethical standards. All
study participants signed voluntary informed consent.

Inclusion criteria: patients with COVID-19 aged 18
to 75 years with the diagnosis confirmed by laboratory
PCR test and chest CT data. Exclusion criteria from the
study: age below 18 years, pregnancy or lactation period,
presence of baseline thrombocytopenia, contraindications
for use of ACT, extremely severe or agonizing patients
on admission.

In accordance with the recommendations of the
Ministry of Health of the Russian Federation ‘Prevention,
diagnosis and treatment of a new coronavirus infection’,
all patients with COVID-19 were prescribed parenteral
anticoagulants in a preventive dose [12]. Upon discharge
from the hospital, patients were recommended intake
of direct oral anticoagulants (DOAC). In our prospective
study, the types of ACT are presented as follows: LMWH
was prescribed to 172 (46.5%) patients, UFH was used
in 142 (38.4%) patients, and 56 (15.1%) patients took
DOAC. Patients taking oral anticoagulants were not
considered in this analysis because they were taking
them continuously for cardiovascular comorbidities,
joint replacement, were not obese, and had mild form
of COVID-19, which, according to recommendations,
allowed continuation of VTEC prophylaxis with oral
anticoagulants in tableted form [12]. Therefore, this
study will consider 314 people receiving only parenteral
anticoagulants.

In the treatment for COVID-19, if VTEC was
identified, which was the endpoint of the study, a
therapeutic dose of ACT was prescribed. At the beginning
of hospital treatment, increased dose of ACT was used in
patients with obesity. Among 370 patients, 151 (40.8%)
had obesity (BMI = 34.7 (32.4-38.4) kg/m?, 219 (59.2%)
patients had no obesity (BMI = 24.8 (18.2-25.0) kg/m?
p = 0.007). According to the temporary methodical
recommendations ‘Prevention, diagnosis and treatment
of a new coronavirus infection’, in patients with
obesity, increase in the prophylactic dose of parenteral
anticoagulant by 50% should be considered [12].
Therefore, in our study, patients with no obesity were
prescribed subcutaneous UFH at a dose 5 000 Un 2-3
times a day, and LMWH 40 mg once a day, while patients
with obesity were prescribed subcutaneous UFH at a dose
7 500 Un 3 times a day, and LMWH at a dose 1 mg/kg
two times a day. Patients in our study were divided into
groups: group 1 — no obesity + LMWH (n=114), group 2 —
no obesity + UFH (n = 58), group 3 — obesity + LMWH
(n=76), group 4 — obesity + UFH (n = 66).

The endpoint of the study was verified cases of
VTEC: DVT of the lower extremities, PE with or without
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source at autopsy. Safety of use of anticoagulants
was evaluated by identifying cases of significant and
major bleeding according to criteria established by the
committee of the International Society on Thrombosis
and Haemostasis in 2005 [13].

Venous blood for laboratory analysis was collected
upon admission to the hospital and upon stabilization
of the condition at the end of treatment. In laboratory
analyses, the markers of acute phase of inflammation
were evaluated: leukocytes, C-reactive protein (CRP),
ferritin, coagulation parameters and clinical blood
analysis. The concentration of phosphatidylserine
and calreticulin was measured in the blood serum
using a human ELISA kit (Cloud-Clone Corporation China).

Statistical analysis of the clinical study was
performed using IBM SPSS Statistics 26. Analysis of
qualitative parameters was performed using Pearson
and Fisher x2 criteria. Quantitative parameters were
assessed using Kolmogorov—Smirnov criterion (p > 0.05).
Due to the non-normal distribution of parameters,
the mean values were presented as median (Me) and
interquartile range (Q,-Q;), and the analysis was
performed using Wilcoxon, Mann-Whitney, and Kruskal-
Wallis criteria (p < 0.05).

RESULTS

The groups of patients included in the study were
comparable in age (p = 0.331) and the volume of viral
lung damage according to CT data (p = 0.067) (Table 1).
In the groups with obesity, there were more women than
men (p = 0.001). The difference between groups by these
parameters did not affect the study results. Among the
comorbidities, obese patients, as opposed to non-obese
ones, more often had hypertension (p = 0.032), post-
infarction cardiosclerosis (p = 0.022), type 2 diabetes
mellitus (p = 0.032), chronic kidney disease (p = 0.001),
chronic venous disorders (p = 0.012) and a history of
VTEC (p = 0.013).

During treatment, some patients showed a negative
dynamics, namely, increase in temperature, decrease
in saturation, increase in the area of viral lung lesion
on CT scan of the lungs. Patients had to be transferred
from the ward to the intensive care unit (ICU). Among
patients transferred to ICU, there were more obese
than non-obese patents (p = 0.01) (Figure 1). Of attention
is the fact that obese patients receiving LMWH, were more
often transferred to NILV (p = 0.005), and for patients
receiving UFH, ALV was more often used (p < 0.001).
In our study, transfer of the patient to ALV was
accompanied by a 100% fatal outcome. According to
our data, higher mortality was observed in obese
patients receiving UFH, than in those receiving LMWH
(p < 0.007).
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Table 1. Clinical and Anamnestic Characteristics of Patients at the Time of inclusion in the Study

Non-obese patients Obese patients
n=171 n =142
Parameter p
Group 1, LMWH | Group 2, UFH Group 3, LMWH Group 4, UFH
n=113 n =58 n=76 n=66

Age, Me (Q,-Qy), years 63 (53-71) 61.5 (49-70) 63.5 (58-69) 61 (52-67) 0.331
Gender:
male, n (%) 58 (50.9) 22 (37.9) 27 (35.5) 13(19.7) 0.001
female, n (%) 56 (49.1) 36 (62.1) 49 (64.5) 53 (80.3)
BMI, Me (Q,-Q;) 24.9 (20.9-253) 23.7 (19.8-24.8) 34.4 (32.1-38.4) 35.9 (32.7-383) 0.048
CT U n (%) 8 (7.0) 0(0) 3 3.9 0(0)

n (%) 30 (26.3) 14 (24.1) 3(17.1) 9(13.6)
CT 2 n (%) 48 (42.1) 27 (46.6) 33 (43.4) 26 (39.4) 0.067
CT-3,n (%) 23 (20.2) 13 (22.4) 22 (28.9) 24 (36.4)
CT-4, n (%) 5 (4.4) 4(6.9) 5 (6.6) 7(10.6)

Comorbid diseases

CAD, n (%) 27 (23.7) 12 (20.7) 21 (27.6) 14(21.2) 0.761
PICS, n (%) 7(6.1) 2(3.4) 9(12) 7 (10.6) 0.022
AF, n (%) 18 (15.8) 9 (15.5) 12 (15.8) 8(12.1) 0911
EH, n (%) 84 (73.7) 41 (70.7) 67 (88.2) 55(83.3) 0.032
ACVA, n (%) 11(9.6) 2 (3.4) 2(2.6) 0(0) 0.017
BA, n (%) 2(1.8) 2(3.4) 4(5.3) 7(10.6) 0.058
COPD, n (%) 10 (8.8) 0(0) 5(6.6) 2Q) 0.08
GU, n (%) 10 8.8) 8(13.8) 1(1.3) 5(7.6) 0.054
DM, n (%) 17 (14.9) 16 (28.1) 42 (55.2) 27 (4L0.9) 0.032
CKD, n (%) 19.(16.7) 5(8.6) 20 (26.3) 2(@3) 0.001
OALLA, n (%) 8(7.0) 3(5.2) 1(1.3) 0(0) 0.061
CVD, n (%) 5 (b.4) 6(10.3) 11 (14.5) 13(19.7) 0.012
VTEC, n (%) 2(1.8) 4(6.9) 2(2.6) 8(12.1) 0.013
Oncology, n (%) 12 (10.6) 5 (8.6) 10 (13.2) 4(6.1) 0.539

Notes: LMWH — low molecular weight heparin; UFH — unfractionated heparin; BMI — body mass index; CT — computed tomography;
CAD — coronary artery disease; PICS — post-infarction cardiosclerosis; AF — atrial fibrillation; EH — essential hypertension; ACVA — acute
cardiovascular accident; BA — bronchial asthma; COPD — chronic obstructive pulmonary disease; GU — gastric ulcer; DM — diabetes mellitus;
CKD — chronic kidney disease; OALLA — obliterating atherosclerosis of lower limb arteries; CVD — chronic vein disorder; VTEC — venous

thromboembolic complication; p — statistical difference

The groups were also comparable in general laboratory
parameters, inflammation markers (CRP and ferritin), and
platelet apoptosis markers (Table 2). Statistically reliable
differences were observed in blood glucose level, which
was higher in obese patients. Differences were also
obtained in fibrinogen concentration and prothrombin
time, which were higher in patients receiving LMWH.

At the end of treatment for coronavirus infection,
differences appeared in the laboratory parameters in the
study groups (Table 2). In particular, decrease in blood
glucose level, in concentration of fibrinogen and ferritin
was found in patients receiving LMWH, with and without
obesity. Concentration of calreticulin was higher in patients
receiving LMWH, with and without obesity. In an intergroup
comparison, the level of phosphatidylserine was higher in
patients receiving LMWH only in the presence of obesity.

DAl https://doi.org/ 10

The analysis of incidence of thrombotic complications
showed a comparable VTEC incidence in patients without
obesity (groups 1 and 2) (Figure 2). According to our
data, in obese patients, PE with a source in the lower
extremities developed only in patients receiving UFH
(9.1% of cases (p = 0.004)), with the absence of this
complication in patients receiving LMWH (p = 0.004).
Upon that, patients of group 4 with obesity receiving
UFH, had a high incidence of isolated PE without a
source in the lower extremities (13.6% of cases),
whereas in patients of group 3 with obesity receiving
LMWH, this complication developed in 2.6% of cases
(p = 0.004). When evaluating the incidence of major and
minor bleedings, a high frequency of this complication
was noted in patients receiving UFH, both obese and
non-obese (p < 0.001).
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Fig. 1. Frequency of hospitalization in the intensive care unit and use of non-invasive and artificial ventilation.
Notes: Notes: ICU — intensive care unit; NILV — non-invasive lung ventilation; ALV — artificial lung ventilation; * — p < 0.05.

Table 2. Data of Laboratory Tests in Study Groups upon Admission, Me (Q,-Q,)

Non-obese patients Obese patients
Parameter n =171 n = 142
Group 1, LMWH | Group 2, UFH Group 1, LMWH Group 2, UFH P
n=113 n=>58 n=76 n=66
Erythrocytes, x10'%/1 4.7 (b.4-5) 4.8 (4.3-5.1) 4.8 (45-5.2) 4.7 (6.3-49) 0.17
Hemoglobin, g/l 135 (122-144) 141 (132-150) 137 (125-145) 135 (123-145) 0.044
Leukocytes, x10/1 6.11(43-9.2) 6.65 (5.2-7.8) 6.87 (5.4-9.2) 7.05 (4.8-9.8) 0.555
Platelets, x10%/1 179 (142-262) 199 (173-281) 197 (145-260) 188 (151-239) 0.168
ESR, mm/h 23 (11-31) 25.5 (10-35.5) 23.5 (15-35) 13 (8-31) 0.211
Glucose, mmal/l 6.44 (5.55-7.67) 57 (4.1-10.23) 75 (6.22-13.26) 7.4 (5.55-9.65) 0.005
CRP, mg/l 53.3 (21.8-90.2) 69.4 (36.6—114) 58.6 (25-139.8) 89.1 (41.4-146) 0.011
Ferritin, pg/l 628 (212-419) 884 (713-920) 641 (175-614.5) 749 (414-956) 0.358
aPTT, s 33.2(26.3-36.7) 32.7(27.7-36.9) 35.7 (25.9-36.8) 35 (29-40.8) 0.49
p <0.001
p,_, = 0.002
Prg=1
PT, s 133 (12.1-14.4) 121 (11-13.1) 13.1(12.3-14.2) 12.7 (11.6-13.5) p;_, = 0.001
P,_5 = 0.004
Py =1
p,, = 0.003
p < 0.001
pi_, = 0.001
Prg=]
Fibrinogen, g/l 6.1 (5.2-6.6) 45(35-5.5) 6.4 (5.9-7.1) 45 (3.2-5.7) p,_, = 0.004
p,; = 0.002
Py =1
p,_, = 0.001
INR 1.13(1.03-1.24) 1.05 (0.97-1.1) 1.1(1.04-1.19) 1,08 (1-1.16) 0.002
D-dimer, ng/ml 0.48 (0.36-0.57) 053 (0.32-0.92) 0.52 (0.4-0.81) 0.7 (0.39-1.12) 0.108
Calreticulin, pg/ml 5.03 (2.22-8.6) 3.85 (1.88—-L4.74) 4.82 (2.82-7.7) 418 (2.24-5.87) 0.204
Phosphatidylserine, pg/ml 64.75 (42.65-89.73) | 66.2 (43.4-86.4) 63.15 (41.2-83.1) 62.6 (44.1-97.8) 0.654

Notes: LMWH — low molecular weight heparin, UFH — unfractionated heparin, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein,
aPTT — activated partial thromboplastin time, PT — prothrombin time, INR — international normalized ratio

DOI: https://doi.org/10.17816/PAVLOVI631743




OPATHATIBHBIE MCCTIEAOBAHNA

Tom 32, N2 3, 2024

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
MMeHV akaneminka . 1. [1asnosa

Table 3. Laboratory Parameters in Study Groups at the End of Hospital Treatment, Me (Q,-Q,)

Non-obese patients Obese patients
n=171 n =142
Parameter p
Group 1, LMWH Group 2, UFH Group 1, LMWH Group 2, UFH
n=113 n=>58 n=76 n=66

Erythrocytes, x10'%/1 4571 (4.1-4.93) 5 (4.2-4. 72) 4.52 (A 07-4. 8A) 4 (L-L4.8) p=0731

Hemoglobin, g/l 128 (118-1 7) 33 (123-144) 27 (111-133) 126.5 (1 19-139) p=0.105

Leukocytes, x10%/1 10.1 (8.4-12.7) 8(9.32-13.7) | 1039 (8 24-12.9) 2(1.91-13) p=0.603

Platelets, x10/1 228 (176~ 319) 289 (176-338) 206 (172-280) 2205 (184—293) p=0.19

ESR, mm/h 14 (6-19) 8 (1-20) 18 (11-25) 13 (2-26) p=0071

Glucose, mmal/l 5.7 (6.9-7.3) 9.1 (6.6-14.57) 6.5 (4.8-9.6) 9.5 (7.8-13.7) p < 0.007

CRP, mg/! 6.2 (1.4-13.9) 7.85 (4-18.9) 8(2.5-18) 7.6 (65-11) p = 0456
p =0.001
P, = 0013
Pig=]

Ferritin, pg/l 3725 (347.5-4455) | 877.8 (512-988) 367 (265-523) 676 (502.2-923) P, = 0.065
p,3 = 0.01
Py =1
p, , = 0.054

aPTT, s 31.4(25.9-36.8) 29.7 (25.7-317.5) 34.9 (30.5-36.8) 29.4 (25-36.9) p=0422

PT, s 12 (11-13) 11.65 (10.75-12.7) | 12.1(11.2-12.8) 11.6 (10.9-12.2) p=036
p < 0.001
pi_, = 0.001
Prs=1

Fibrinogen, g/l 3.31(2.8-4.7) 2.39 (1.94-3.44) 3.4 (2.6-5.03) 2.5 (1.8-3.43) pi_, =0.002
p,_5 = 0.003
Py =]
p,_, = 0.004

INR 1(0.94-1.1) 1.01 (0.93-1.15) 1.02 (0.96-1.08) 0.98 (0.93-1.05) p=0323

D-dimer, ng/ml 0.4 (0.34-0.46) 0.56 (0.24-0.83) 0.42 (0.4-0.54) 0.48 (0.31-0.97) p=0363
p <0.001
p,_, = 0.001
P13 =

Calreticulin, pg/ml 493 (2.65-11) 2.44(0.94-3.7) 6.4 (3.39-15.24) 3.11(1.87-4.7) pi_, = 0.066
P, < 0.001
Py =1
p,_, = 0.009
p=0.036
Prp=1
Pig=]

Phosphatidylserine, pg/ml 74.6 (53.2-112) 614 (432-117.15) | 81.95 (62.2-107.6) 54.4 (43.2-89.2) P, =025
p,.5=0312
Pos =
p, , = 0.046

Notes: LMWH — low molecular weight heparin, UFH — unfractionated heparin, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein,
aPTT — activated partial thromboplastin time, PT — prothrombin time, INR — international normalized ratio

Thus, the conducted study established different
dynamics of specific apoptosis markers calreticulin and
phosphatidylserine in patients with and without obesity,
with the underlying prophylaxis of VTEC using different
parenteral anticoagulants.

DAl https://doi.org/ 10

DISCUSSION

Before COVID-19, obesity directly represented a
pandemic which led to a high risk of developing type 2
diabetes mellitus and death from cardiovascular
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Fig. 2. Incidence of venous thrombotic complications and bleeding in examined patients.

Notes: PE — pulmonary embolism; DVT — deep vein thrombosis;

diseases [14]. With the advent of COVID-19, obesity
entered the triad of concomitant diseases, along with
diabetes mellitus and cardiovascular diseases, which
were noted in patients with a severe course of a new
coronavirus infection [15]. This is also confirmed by our
observation where obesity often came in company with
type 2 diabetes mellitus, postinfarction cardiosclerosis,
essential hypertension, chronic vein disorders and
history of VTEC. Literature data show that in treatment
of patients with severe COVID-19, ALV was used 7 times
more often in patients with obesity compared to non-
obese patients [16]. In our study, mechanical ventilation
was more often used in patients with obesity, and in
the intergroup comparison in this population, a high
frequency of using forced lung ventilation was noted in
patients receiving NFH (p;_, = 0.011). Thus, the presence
of obesity is a particular adverse predictive factor
in patients with COVID-19, which is conditioned by a
pronounced respiratory failure due to hypoventilation on
the one hand, and systemic inflammation, resulting from
exposure to virus, on the other.

A feature of COVID-19 is the development of
VTEC, which occurs against the background systemic
inflammatory process leading to the release of large
amounts of cytokines, chemokines, inhibitors and
activators of apoptosis [17]. Adipose tissue is a source
of proinflammatory cytokines synthesized by adipocytes,
which leads to supporting a chronic latent inflammatory
process in an organism. Obesity leads to hypertrophy

DOl https://doi.org/10.17816/PAVLOVI631743

*—p<0.05.

of adipocytes and dysregulation of prothrombotic
adipokines (leptin and resistin) and is an independent
risk factor for VTEC. E. K. Broni, et al. found association
of high plasma resistin levels with a higher risk of VTEC
in the human population [18]. P. F. Bodary, et al. in an
experimental study on animals found that mice with
leptin deficiency are protected from arterial thrombosis
[19]. The prothrombotic effect of leptin is mediated by the
activation of leptin receptors in platelets and endothelial
cells, which promotes the synthesis of thromboxane and
activation of fibrinogen receptor allbf3, which leads to
increased platelet aggregation [20]. One way or another,
the inflammatory process in COVID-19, enhanced by
the presence of obesity, leads to up regulation of
procoagulant factors, increased platelet activation and
apoptosis of blood cells [21].

The study of laboratory parameters of platelet
apoptosis and inflammation in obese patients with
COVID-19 is a relevant area and can characterize
previously known parenteral anticoagulants in new
conditions of use. When platelets are activated, the
level of phosphatidylserine, which has a powerful
procoagulant potential, increases. Studies have shown
that phosphatidylserine can be a potential participant in
inflammation and coagulation disorders in patients with
COVID-19 [22]. Phosphatidylserine can be exposed on
the surface of platelets during the coagulation process,
contributing to the explosive production of thrombin,
which promotes hypercoagulation [23]. Calreticulin
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is recognized as a protein with anticoagulant activity,
possessing other functions. It is involved in the
regulation of cell proliferation, phagocytosis, apoptosis,
as well as of adaptive and innate immune responses.
It is due to these functions that increased expression
of calreticulin is observed in tissues subjected to severe
cellular stress, just as in the subcutaneous adipose
tissue and liver of obese patients, in which calreticulin
is found in high concentrations [24]. In our study, at
the beginning of therapy, the presence or absence of
obesity did not show a reliable statistical difference
in specific apoptosis markers phosphatidylserine and
calreticulin in the study groups. However, according to
the study by V. Antoniotti, et al., the level of calreticulin
was slightly higher in children with obesity than without
it [25]. The concentration of inflammatory parameters
in the blood plasma at the beginning of therapy
was naturally high in all patients in our study, and in
particular in obese patients.

At the end of therapy, a decrease in ferritin
concentration was observed in patients with and without
obesity receiving LMWH. Calreticulin level was higher in
patients of groups 1 and 3 receiving LMWH, both with
and without obesity, and phosphatidylserine level was
higher only in patients with obesity receiving LMWH
(group 3). Thus, by the end of therapy with LMWH, obese
patients had high level of platelet apoptosis markers
than patients taking UFH.

When analyzing thrombotic complications, a low
incidence of isolated pulmonary thromboembolism and
PE with a source in the lower extremities was observed
in obese patients taking LMWH than in those taking UFH.
Given the above properties of phosphatidylserine, the low
incidence of VTEC at its high concentration in patients of
our study who received LMWH is a dissonance. However,
it should be noted that LMWHs have properties of
endothelial cell protection and binding of inflammatory
cytokines, upon this, longer half-life compared to UFH
ensures a low potential for inducing bleeding [26].
According to our data, obese patients taking LMWH had a
low incidence of bleeding compared to those taking UFH
(5.3% of cases versus 16.7%, respectively, p,_, = 0.056).
The reason for the high frequency of bleeding in
patients receiving UFH may lie in the fact that the
lack of phosphatidylserine on the surface of activated
platelets will inevitably lead to a decrease in thrombin
production, which will make it impossible to complete
the hemostasis process and will cause hypocoagulation.
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CONCLUSION

Thus, the concentration of specific markers of
platelet apoptosis in blood is significantly higher in
patients with obesity receiving low molecular weight
heparin compared to patients receiving unfractionated
heparin. Upon that, in patients of this group, a low
incidence of thromboembolic complications and bleeding
was observed compared to the group of patients taking
unfractionated heparin. In light of the recent progress
in understanding the basic mechanisms and regulatory
factors responsible for obesity-related thrombosis, there
is hope that new molecular targets for antithrombotic
therapy will appear. Considering the central role of
chronic inflammation in increase in the risk of obesity-
induced thrombosis, the potential of the effect of low
molecular weight heparin on pro-inflammatory pathways
is an important area of research.
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