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АННОТАЦИЯ
Актуальность. Наличие гиподинамии, гиповентиляции, а также хронического воспаления у пациентов 

с ожирением усугубляет их состояние при различных заболеваниях . Указанные особенности стали важными 
с приходом пандемии COVID-19, при которой воспаление и коагулопатия, обусловленная активацией тромбоцитов, 
тесно связаны между собой .

Цель. Изучить содержание лабораторных показателей воспаления и апоптоза тромбоцитов у пациентов 
с ожирением при использовании различных видов антикоагулянтной профилактики венозных тромбоэмболических 
осложнений на фоне COVID-19 .

Материалы и методы. В исследование включено 370 пациентов с COVID-19 . В зависимости от наличия 
или отсутствия ожирения и варианта парентерального антикоагулянта пациенты в нашем исследовании разделены 
на группы: группа 1 — без ожирения + низкомолекулярный гепарин (НМГ) (n = 114), группа 2 — без ожирения 
+ нефракционированный гепарин (НФГ) (n = 58), группа 3 — наличие ожирения + НМГ (n = 76), группа 4 — 
наличие ожирения + НФГ (n = 66) . Проведен анализ частоты развития венозных тромбоэмболических осложнений 
(ВТЭО), кровотечений, общих маркеров острой фазы воспаления, специфических маркеров апоптоза тромбоцитов 
(фосфатидилсерина и кальретикулина) .

Результаты. В конце стационарного лечения отмечено снижение уровня ферритина у пациентов 
как с ожирением, так и без него, получавших НМГ . Концентрация кальретикулина оказалась выше у пациентов, 
принимавших НМГ (1 и 3 группы) . Уровень фосфатидилсерина имел высокие показатели у пациентов, получавших НМГ, 
только при наличии ожирения . Высокая частота развития тромбоэмболии легочных артерий (ТЭЛА) без источника 
была у пациентов, принимавших НФГ, в сравнении с НМГ (13,6% случаев против 2,6% случаев соответственно,  
р = 0,029) и ТЭЛА с источником в нижних конечностях (9,1% случаев против 0% случаев соответственно, р = 0,018) . 
При использовании НМГ наблюдалась меньшая частота развития кровотечений в сравнении с применением НФГ 
(5,3% случаев против 16,7% случаев соответственно, р = 0,056) .

Заключение. Уровень фосфатидилсерина и кальретикулина у пациентов с ожирением выше у пациентов 
получавших НМГ . При этом у пациентов данной группы имеет место низкая частота развития ВТЭО и геморрагических 
осложнений в сравнении с группой пациентов, принимавших НФГ .
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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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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 

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 [9] . 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 

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 — С-reactive protein
CT — computed tomography
CVD — chronic venous disorder
DM — diabetes mellitus
DOAC — direct oral anticoagulants
DVT — deep vein thrombosis
EH — essential hypertension

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
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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/m2, 219 (59 .2%) 
patients had no obesity (BMI = 24 .8 (18 .2–25 .0) kg/m2;  
р = 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 

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 χ2 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 (Q1–Q3), 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 (р = 0 .005), and for patients 
receiving UFH, ALV was more often used (р < 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 
(р < 0 .001) .
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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 .

Table 1. Clinical and Anamnestic Characteristics of Patients at the Time of inclusion in the Study

Parameter

Non-obese patients
n = 171 

Obese patients
n = 142

р
Group 1, LMWH

n = 113
Group 2, UFH

n = 58
Group 3, LMWH

n = 76
Group 4, UFH

n = 66

Age, Ме (Q1–Q3), years 63 (53–71) 61.5 (49–70) 63.5 (58–69) 61 (52–67) 0.331

Gender:
male, n (%)
female, n (%)

58 (50.9)
56 (49.1)

22 (37.9)
36 (62.1)

27 (35.5)
49 (64.5)

13 (19.7)
53 (80.3)

0.001

BMI, Ме (Q1–Q3) 24.9 (20.9–25.3) 23.7 (19.8–24.8) 34.4 (32.1–38.4) 35.9 (32.7–38.3) 0.048

CT-0, n (%)
CT-1, n (%)
CT-2, n (%)
CT-3, n (%)
CT-4, n (%) 

8 (7.0)
30 (26.3)
48 (42.1)
23 (20.2)

5 (4.4)

0 (0)
14 (24.1)
27 (46.6)
13 (22.4)

4 (6.9)

3 (3.9)
13 (17.1)
33 (43.4)
22 (28.9)

5 (6.6)

0 (0)
9 (13.6)

26 (39.4)
24 (36.4)
7 (10.6)

0.067

Comorbid diseases

CAD, n (%)
PICS, n (%) 
AF, n (%)
EH, n (%)
ACVA, n (%)
BA, n (%)
COPD, n (%)
GU, n (%)
DM, n (%)
CKD, n (%)
OALLA, n (%)
CVD, n (%)
VTEC, n (%)
Oncology, n (%)

27 (23.7)
7 (6.1)

18 (15.8)
84 (73.7)
11 (9.6)
2 (1.8)

10 (8.8)
10 (8.8)

17 (14.9)
19 (16.7)

8 (7.0)
5 (4.4)
2 (1.8)

12 (10.6)

12 (20.7)
2 (3.4)

9 (15.5)
41 (70.7)

2 (3.4)
2 (3.4)
0 (0)

8 (13.8)
16 (28.1)

5 (8.6)
3 (5.2)

6 (10.3)
4 (6.9)
5 (8.6)

21 (27.6)
9 (12)

12 (15.8)
67 (88.2)

2 (2.6)
4 (5.3)
5 (6.6)
1 (1.3)

42 (55.2)
20 (26.3)

1 (1.3)
11 (14.5)

2 (2.6)
10 (13.2)

14 (21.2)
7 (10.6)
8 (12.1)

55 (83.3)
0 (0)

7 (10.6)
2 (3)

5 (7.6)
27 (40.9)

2 (3)
0 (0)

13 (19.7)
8 (12.1)
4 (6.1)

0.761
0.022
0.911
0.032
0.017
0.058
0.08

0.054
0.032
0.001
0.061
0.012
0.013
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; р — statistical difference

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 (р = 0 .004)), with the absence of this 
complication in patients receiving LMWH (р = 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  
(р = 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 (р < 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; * — р < 0.05.

Table 2. Data of Laboratory Tests in Study Groups upon Admission, Ме (Q1–Q3)

Parameter

Non-obese patients
n = 171 

Obese patients 
n = 142

р
Group 1, LMWH 

n = 113
Group 2, UFH 

n = 58
Group 1, LMWH

n = 76
Group 2, UFH 

n = 66
Erythrocytes, ×1012/l 4.7 (4.4–5) 4.8 (4.3–5.1) 4.8 (4.5–5.2) 4.7 (4.3–4.9) 0.17

Hemoglobin, g/l 135 (122–144) 141 (132–150) 137 (125–145) 135 (123–145) 0.044

Leukocytes, ×109/l 6.11 (4.3–9.2) 6.65 (5.2–7.8) 6.87 (5.4–9.2) 7.05 (4.8–9.8) 0.555

Platelets, ×109/l 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, mmol/l 6.44 (5.55–7.67) 57 (4.1–10.23) 7.5 (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, µg/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

PT, s 13.3 (12.1–14.4) 12.1 (11–13.1) 13.1 (12.3–14.2) 12.7 (11.6–13.5)

р < 0.001
р1–2 = 0.002
р1–3 = 1
р1–4 = 0.001
р2–3 = 0.004
р2–4 = 1
р3–4 = 0.003

Fibrinogen, g/l 6.1 (5.2–6.6) 4.5 (3.5–5.5) 6.4 (5.9–7.1) 4.5 (3.2–5.7)

р < 0.001
р1–2 = 0.001
р1–3 = 1
р1–4 = 0.004
р2–3 = 0.002
р2–4 = 1
р3–4 = 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) 0.53 (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 (1.88–4.74) 4.82 (2.82–7.7) 4.18 (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 — С-reactive protein, 
aPTT — activated partial thromboplastin time, PT — prothrombin time, INR — international normalized ratio



DOI: https://doi.org/10.17816/PAVLOVJ631743

419
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Российский медико-биологический вестник 
имени академика И. П. ПавловаТом 32, № 3, 2024

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 .

Table 3. Laboratory Parameters in Study Groups at the End of Hospital Treatment, Ме (Q1–Q3)

Parameter

Non-obese patients 
n = 171 

Obese patients 
n = 142

р
Group 1, LMWH 

n = 113
Group 2, UFH

n = 58
Group 1, LMWH 

n = 76
Group 2, UFH

n = 66

Erythrocytes, ×1012/l 4.51 (4.1–4.93) 4.5 (4.2–4.72) 4.52 (4.07–4.84) 4.4 (4–4.8) р = 0.731

Hemoglobin, g/l 128 (118–137) 133 (123–144) 127 (111–133) 126.5 (119–139) р = 0.105

Leukocytes, ×109/l 10.1 (8.4–12.7) 10.8 (9.32–13.7) 10.39 (8.24–12.9) 10.2 (7.91–13) р = 0.603

Platelets, ×109/l 228 (176–319) 289 (176–338) 206 (172–280) 220.5 (184–293) р = 0.19

ESR, mm/h 14 (6–19) 8 (1–20) 18 (11–25) 13 (2–26) р = 0.071

Glucose, mmol/l 5.7 (4.9–7.3) 9.1 (6.6–14.57) 6.5 (4.8–9.6) 9.5 (7.8–13.7) р < 0.001

CRP, mg/l 6.2 (1.4–13.9) 7.85 (4–18.9) 8 (2.5–18) 7.6 (4.5–11) р = 0.456

Ferritin, µg/l 372.5 (347.5–445.5) 877.8 (512–988) 367 (265–523) 676 (502.2–923)

р = 0.001
р1–2 = 0.013
р1–3 = 1
р1–4 = 0.065
р2–3 = 0.01
р2–4 = 1
р3–4 = 0.054

aPTT, s 31.4 (25.9–36.8) 29.7 (25.7–37.5) 34.9 (30.5–36.8) 29.4 (25–36.9) р = 0.422

PT, s 12 (11–13) 11.65 (10.75–12.7) 12.1 (11.2–12.8) 11.6 (10.9–12.2) р = 0.36

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)

р < 0.001
р1–2 = 0.001
р1–3 = 1
р1–4 = 0.002
р2–3 = 0.003
р2–4 = 1
р3–4 = 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) р = 0.323

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) р = 0.363

Calreticulin, pg/ml 4.93 (2.65–11) 2.44 (0.94–3.7) 6.4 (3.39–15.24) 3.11 (1.87–4.7)

р < 0.001
р1–2 = 0.001
р1–3 = 1
р1–4 = 0.066
р2–3 < 0.001
р2–4 = 1
р3–4 = 0.009

Phosphatidylserine, pg/ml 74.6 (53.2–112) 61.4 (43.2–117.15) 81.95 (62.2–107.6) 54.4 (43.2–89.2)

р = 0.036
р1–2 = 1
р1–3 = 1
р1–4 = 0.25
р2–3 = 0.312
р2–4 = 1
р3–4 = 0.046

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

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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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 (р3–4 = 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 

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 aIIbβ3, 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 

Fig. 2. Incidence of venous thrombotic complications and bleeding in examined patients.
Notes: PE — pulmonary embolism; DVT — deep vein thrombosis; * — р < 0.05.
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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, p3–4 = 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 .

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 . 

ADDITIONALLY
Funding. This study was not supported by any external sources of funding.
Conflict of interests. The authors declare no conflicts of interests.
Contribution of the authors: A. B. Agapov — carrying out the main 
stages of work, writing the text; R. E. Kalinin — concept of study, 
verification of critical intellectual content; N. D. Mzhavanadze — 
collection of material, editing; V. O. Povarov — statistical analysis 
and interpretation of data; A. A. Nikiforov — carrying out biochemical 
analyses; D. A. Maksayev — collection of material; A. A. Chobanyan —  
collection of material; I. A. Suchkov — concept and design of study, 
verification of critical intellectual content. The authors confirm the 
correspondence of their authorship to the ICMJE International Criteria. 
All authors made a substantial contribution to the conception of the 
work, acquisition, analysis, interpretation of data for the work, drafting 
and revising the work, final approval of the version to be published and 
agree to be accountable for all aspects of the work.

Финансирование. Авторы заявляют об отсутствии внешнего финан-
сирования при проведении исследования.
Конфликт интересов. Авторы заявляют об отсутствии конфликта 
интересов.
Вклад авторов: Агапов А. Б. — проведение основных этапов ра-
боты, написание текста; Калинин Р. Е. — концепция исследования, 
проверка критически важного интеллектуального содержания; Мжа-
ванадзе Н. Д. — сбор материала, редактирование; Поваров В.О. —  
статистический анализ и интерпретация данных; Никифоров А. А. — 
проведение биохимических анализов; Максаев Д. А. — cбор мате-
риала; Чобанян А. А. — cбор материала; Сучков И. А. — концепция 
и дизайн исследования, проверка критически важного интеллек-
туального содержания. Авторы подтверждают соответствие своего 
авторства международным критериям ICMJE (все авторы внесли  
существенный вклад в разработку концепции, проведение исследо-
вания и подготовку статьи, прочли и одобрили финальную версию 
перед публикацией).



DOI: https://doi.org/10.17816/PAVLOVJ631743

422
ORIGINAL STUDY ARTICLES

I. P. Pavlov Russian  
Medical Biological HeraldVol. 32 (3) 2024

СПИСОК ИСТОЧНИКОВ
1. Калинин Р.Е., Сучков И.А., Агапов А.Б. Эффективность различных 
вариантов антикоагулянтной терапии при тромбозе глубоких вен 
нижних конечностей в рутинной клинической практике // Флебо-
логия. 2017. № 1. С. 21–27. doi: 10.17116/flebo201711121-27
2. Heit J.A., Spencer F.A., White R.H. The epidemiology of venous 
thromboembolism // J. Thromb. Thrombolysis. 2016. Vol. 41, No. 1. P. 3–14.  
doi: 10.1007/s11239-015-1311-6
3. Калинин Р.Е., Сучков И.А., Агапов А.Б., и др. Анализ факторов 
риска венозных тромбоэмболических осложнений и различных  
вариантов антикоагулянтной терапии у пациентов с новой корона-
вирусной инфекцией // Российский медико-биологический вест-
ник имени академика И. П. Павлова. 2023. Т. 31, № 2. С. 243–254. 
doi: 10.17816/PAVLOVJ110956
4. Mazzolai L., Ageno W., Alatri A., et al. Second consensus document 
on diagnosis and management of acute deep vein thrombosis: updated 
document elaborated by the ESC Working Group on aorta and peripheral 
vascular diseases and the ESC Working Group on pulmonary circulation 
and right ventricular function // Eur. J. Prev. Cardiol. 2022. Vol. 29, No. 8.  
P. 1248–1263. doi: 10.1093/eurjpc/zwab088
5. Бородина И.А., Селезнева И.А., Борисова О.В., и др. Группы крови 
и секреторное состояние при COVID-19 // Наука молодых (Eruditio 
Juvenium). 2021. Т. 9, № 4. С. 589–596. doi: 10.23888/HMJ202194589-596
6. Поваров В.О., Калинин Р.Е., Мжаванадзе Н.Д., и др. Факторы 
риска тромбоза глубоких вен верхних конечностей после имплан-
тации электрокардиостимулятора // Флебология. 2023. Т. 17, № 4.  
С. 312–319. doi: 10.17116/flebo202317041312
7. Varga Z., Flammer A.J., Steiger P., et al. Endothelial cell infection 
and endotheliitis in COVID-19 // Lancet. 2020. Vol. 395, No. 10234.  
P. 1417–1418. doi: 10.1016/s0140-6736(20)30937-5
8. Платонова Т.А., Голубкова А.А., Скляр М.С., и др. Клинические 
проявления COVID-19 у сотрудников медицинских организаций в 
ранний и поздний восстановительный периоды и вопросы их реа-
билитации // Наука молодых (Eruditio Juvenium). 2023. Т. 11, № 1. 
С. 15–30. doi: 10.23888/HMJ202311115-30
9. Zimmerman K.A., Xing D., Pallero M.A., et al. Calreticulin regulates 
neointima formation and collagen deposition following carotid 
artery ligation // J. Vasc. Res. 2015. Vol. 52, No. 5. P. 306–320. doi: 
10.1159/000443884
10. Fischer C.R., Mikami M., Minematsu H., et al. Calreticulin inhibits 
inflammation-induced osteoclastogenesis and bone resorption // J. 
Orthop. Res. 2017. Vol. 35, No. 12. P. 2658–2666. doi: 10.1002/jor.23587
11. Wang L., Bi Y., Yu M., et al. Phosphatidylserine-exposing blood  
cells and microparticles induce procoagulant activity in non-valvular 
atrial fibrillation // Int. J. Cardiol. 2018. Vol. 258. P. 138–143. doi: 
10.1016/j.ijcard.2018.01.116
12. Временные методические рекомендации. Профилактика, диа-
гностика и лечение новой коронавирусной инфекции (COVID-19). 
Версия 17 (14.12.2022) [Интернет]. Доступно по: https://static-0.
minzdrav.gov.ru/system/attachments/attaches/000/061/254/
original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207. 
Ссылка активна на 06.05.2024.
13. Schulman S., Kearon С.; Subcommittee on Control of Anti-
coagulation of the Scientific and Standardization Committee of the 
International Society on Thrombosis and Haemostasis. Definition of 
major bleeding in clinical investigations of antihemostatic medicinal 

products in non-surgical patients // J. Thromb. Haemost. 2005. Vol. 3, 
No. 4. P. 692–694. doi: 10.1111/j.1538-7836.2005.01204.x
14. Yang J., Zheng Y., Gou X., et al. Prevalence of comorbidities and 
its effects in patients infected with SARS-CoV-2: A systematic review 
and meta-analysis // Int. J. Infect. Dis. 2020. Vol. 94. P. 91–95. doi: 
10.1016/j.ijid.2020.03.017
15. Guan W.–J., Ni Z.–Y., Hu Y., et al.; China Medical Treatment Expert 
Group for Covid-19. Clinical characteristics of coronavirus disease 2019 
in China // N. Engl. J. Med. 2020. Vol. 382, No. 18. P. 1708–1720. doi: 
10.1056/nejmoa2002032
16. Simonnet A., Chetboun M., Poissy J., et al.; LICORN and the Lille 
COVID-19 and Obesity study group. High Prevalence of Obesity in 
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
Requiring Invasive Mechanical Ventilation // Obesity (Silver Spring). 
2020. Vol. 28, No. 7. P. 1195–1199. doi: 10.1002/oby.22831
17. Kakkos S., Gohel M., Baekgaard N., et al. Editor’s Choice — 
European Society for Vascular Surgery (ESVS) 2021 Clinical Practice 
Guidelines on the Management of Venous Thrombosis // Eur. J.  
Vasc. Endovasc. 2021. Vol. 61, No. 1. P. 9–82. doi: 10.1016/j.ejvs.2020. 
09.023
18. Broni E.K., Ogunmoroti O., Quispe R., et al. Adipokines and  
incident venous thromboembolism: The Multi-Ethnic Study of Athero-
sclerosis // J. Thromb. Haemost. 2023. Vol. 21, No. 2. P. 303–310. doi: 
10.1016/j.jtha.2022.11.012
19. Bodary P.F., Westrick R.J., Wickenheiser K.J., et al. Effect of leptin 
on arterial thrombosis following vascular injury in mice // JAMA. 2002. 
Vol. 287, No. 13. P. 1706–1709. doi: 10.1001/jama.287.13.1706
20. Payne G.A., Borbouse L., Kumar S., et al. Epicardial Perivascular 
Adipose-Derived Leptin Exacerbates Coronary Endothelial Dysfunction 
in Metabolic Syndrome via a Protein Kinase C-β Pathway // Arterioscler. 
Thromb. Vasc. Biol. 2010. Vol. 30, No. 9. P. 1711–1717. doi: 10.1161/
ATVBAHA.110.210070
21. Gregson J., Kaptoge S., Bolton T., et al.; Emerging Risk Factors 
Collaboration. Cardiovascular risk factors associated with venous 
thromboembolism // JAMA Cardiol. 2019. Vol. 4, No. 2. P. 163–173. 
doi: 10.1001/jamacardio.2018.4537
22. Meng H., Kou J., Ma R., et al. Prognostic implications and 
procoagulant activity of phosphatidylserine exposure of blood cells and 
microparticles in patients with atrial fibrillation treated with pulmonary 
vein isolation // Mol. Med. Rep. 2017. Vol. 16, No. 6. P. 8579–8588. doi: 
10.3892/mmr.2017.7763
23. Althaus K., Marini I., Zlamal J., et al. Antibody-induced procoagulant 
platelets in severe COVID-19 infection // Blood. 2021. Vol. 137, No. 8. 
P. 1061–1071. doi: 10.1182/blood.2020008762
24. V’kovski P., Kratzel A., Steiner S., et al. Coronavirus biology and 
replication: Implications for SARS-CoV-2 // Nat. Rev. Microbiol. 2021. 
Vol. 19. P. 155–170. doi: 10.1038/s41579-020-00468-6
25. Antoniotti V., Bellone S., Gonçalves Correia F.P., et al. Calreticulin 
and PDIA3, two markers of endoplasmic reticulum stress, are 
associated with metabolic alterations and insulin resistance in pediatric 
obesity: A pilot study // Front. Endocrinol (Lausanne). 2022. Vol. 13.  
P. 1003919. doi: 10.3389/fendo.2022.1003919
26. Wang J., Yu C., Zhuang J., et al. The role of phosphatidylserine on 
the membrane in immunity and blood coagulation // Biomark. Res. 
2022. Vol. 10, No. 1. P. 4. doi: 10.1186/s40364-021-00346-0

https://doi.org/10.17116/flebo201711121-27
https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.17816/PAVLOVJ110956
https://doi.org/10.1093/eurjpc/zwab088
https://doi.org/10.23888/HMJ202194589-596
https://doi.org/10.17116/flebo202317041312
https://doi.org/10.1016/s0140-6736(20)30937-5
https://doi.org/10.23888/HMJ202311115-30
https://doi.org/10.1159/000443884
https://doi.org/10.1002/jor.23587
https://doi.org/10.1016/j.ijcard.2018.01.116
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1002/oby.22831
https://doi.org/10.1016/j.ejvs.2020.09.023
https://doi.org/10.1016/j.ejvs.2020.09.023
https://doi.org/10.1016/j.jtha.2022.11.012
https://doi.org/10.1001/jama.287.13.1706
https://doi.org/10.1161/ATVBAHA.110.210070
https://doi.org/10.1161/ATVBAHA.110.210070
https://doi.org/10.1001/jamacardio.2018.4537
https://doi.org/10.3892/mmr.2017.7763
https://doi.org/10.1182/blood.2020008762
https://doi.org/10.1038/s41579-020-00468-6
https://doi.org/10.3389/fendo.2022.1003919
https://doi.org/10.1186/s40364-021-00346-0


DOI: https://doi.org/10.17816/PAVLOVJ631743

423
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Российский медико-биологический вестник 
имени академика И. П. ПавловаТом 32, № 3, 2024

REFERENCES
1. Kalinin RE, Suchkov IA, Agapov AB. The Effectiveness of the Various 
Options of Anticoagulant Therapy for the Treatment of the Patients  
with Thrombosis of the Deep Veins of the Lower Extremities in the 
Routine Clinical Practice]. Flebologiya. 2017;(1):21–7. (In Russ). doi: 
10.17116/flebo201711121-27
2. Нeit JA, Spencer FA, White RH. The epidemiology of venous 
thromboembolism. J Thromb Thrombolysis. 2016;41(1):3–14. doi: 
10.1007/s11239-015-1311-6
3. Kalinin RE, Suchkov IA, Agapov AB, et al. Analysis of Risk Factors 
of Venous Thromboembolic Complications and of Different Variants 
of Anticoagulant Therapy in Patients with New Coronavirus Infection.  
I. P. Pavlov Russian Medical Biological Herald. 2023;31(2):243–54. (In 
Russ). doi: 10.17816/PAVLOVJ110956
4. Mazzolai L, Ageno W, Alatri A, et al. Second consensus document 
on diagnosis and management of acute deep vein thrombosis: updated 
document elaborated by the ESC Working Group on aorta and peripheral 
vascular diseases and the ESC Working Group on pulmonary circulation 
and right ventricular function. Eur J Prev Cardiol. 2022;29(8):1248–63. 
doi: 10.1093/eurjpc/zwab088
5. Borodina IA, Selezneva IA, Borisova OV, et al. Blood groups and 
secretory state in COVID-19. Nauka Molodykh (Eruditio Juvenium). 
2021;9(4):589–96. (In Russ). doi: 10.23888/HMJ202194589-596
6. Povarov VO, Kalinin RE, Mzhavanadze ND, et al. Risk Factors 
of Upper Extremity Deep Vein Thrombosis After Pacemaker 
Implantation. Flebologiya. 2023;17(4):312–9. (In Russ). doi: 10.17116/
flebo202317041312
7. Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection 
and endotheliitis in COVID-19. Lancet. 2020;395(10234):1417–8. doi: 
10.1016/s0140-6736(20)30937-5
8. Platonova TA, Golubkova AA, Sklyar MS, et al. Clinical Manifestations 
of COVID-19 in Employees of Medical Organizations in the Early  
and Late Recovery Periods and Issues of Their Rehabilitation.  
Nauka Molodykh (Eruditio Juvenium). 2023;11(1):15–30. doi: 10.23888/
HMJ202311115-30
9. Zimmerman KA, Xing D, Pallero MA, et al. Calreticulin regulates 
neointima formation and collagen deposition following carotid artery 
ligation. J Vasc Res. 2015;52(5):306–20. doi: 10.1159/000443884
10. Fischer CR, Mikami M, Minematsu H, et al. Calreticulin inhibits 
inflammation-induced osteoclastogenesis and bone resorption.  
J Orthop Res. 2017;35(12):2658–66. doi: 10.1002/jor.23587
11. Wang L, Bi Y, Yu M, et al. Phosphatidylserine-exposing  
blood cells and microparticles induce procoagulant activity in  
non-valvular atrial fibrillation. Int J Cardiol. 2018;258:138–43. doi: 
10.1016/j.ijcard.2018.01.116
12. Vremennyye metodicheskiye rekomendatsii. Profilaktika, 
diagnostika i lecheniye novoy koronavirusnoy infektsii (COVID-19). 
Version 17 (14/12/2022) [Internet]. Available at: https://static-0.
minzdrav.gov.ru/system/attachments/attaches/000/061/254/
original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207. 
Accessed: 2024 May 06. (In Russ).
13. Schulman S, Kearon С; Subcommittee on Control of Anticoagulation 
of the Scientific and Standardization Committee of the International 

Society on Thrombosis and Haemostasis. Definition of major bleeding 
in clinical investigations of antihemostatic medicinal products in 
non-surgical patients. J Thromb Haemost. 2005;3(4):692–4. doi: 
10.1111/j.1538-7836.2005.01204.x
14. Yang J, Zheng Y, Gou X, et al. Prevalence of comorbidities and its effects 
in patients infected with SARS-CoV-2: A systematic review and meta-
analysis. Int J Infect Dis. 2020;94:91–5. doi: 10.1016/j.ijid.2020.03.017
15. Guan W–J, Ni Z–Y, Hu Y, et al.; China Medical Treatment  
Expert Group for Covid-19. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med. 2020;382(18):1708–20. doi: 
10.1056/nejmoa2002032
16. Simonnet A, Chetboun M, Poissy J, et al.; LICORN and the Lille 
COVID-19 and Obesity study group. High Prevalence of Obesity in 
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
Requiring Invasive Mechanical Ventilation. Obesity. 2020;28(7):1195-9. 
doi: 10.1002/oby.22831
17. Kakkos S, Gohel M, Baekgaard N, et al. Editor’s Choice — European 
Society for Vascular Surgery (ESVS) 2021 Clinical Practice Guidelines 
on the Management of Venous Thrombosis. Eur J Vasc Endovasc. 
2021;61(1):9–82. doi: 10.1016/j.ejvs.2020.09.023
18. Broni EK, Ogunmoroti O, Quispe R, et al. Adipokines and incident 
venous thromboembolism: The Multi-Ethnic Study of Atherosclerosis. 
J Thromb Haemost. 2023;21(2):303–10. doi: 10.1016/j.jtha.2022.11.012
19. Bodary PF, Westrick RJ, Wickenheiser KJ, et al. Effect of leptin 
on arterial thrombosis following vascular injury in mice. JAMA. 2002; 
287(13):1706–9. doi: 10.1001/jama.287.13.1706
20. Payne GA, Borbouse L, Kumar S, et al. Epicardial Perivascular Adipose- 
Derived Leptin Exacerbates Coronary Endothelial Dysfunction in Metabolic  
Syndrome via a Protein Kinase C-β Pathway. Arterioscler Thromb Vasc 
Biol. 2010;30(9):1711–7. doi: 10.1161/ATVBAHA.110.210070
21. Gregson J, Kaptoge S, Bolton T, et al.; Emerging Risk Factors Collaboration. 
Cardiovascular risk factors associated with venous thromboembolism. 
JAMA Cardiol. 2019;4(2):163–73. doi: 10.1001/jamacardio.2018.4537
22. Meng H, Kou J, Ma R, et al. Prognostic implications and procoagulant 
activity of phosphatidylserine exposure of blood cells and microparticles 
in patients with atrial fibrillation treated with pulmonary vein isolation. 
Mol Med Rep. 2017;16(6):8579–88. doi: 10.3892/mmr.2017.7763
23. Althaus K, Marini I, Zlamal J, et al. Antibody-induced procoagulant 
platelets in severe COVID-19 infection. Blood. 2021;137(8):1061–71. doi: 
10.1182/blood.2020008762
24. V’kovski P, Kratzel A, Steiner S, et al. Coronavirus biology 
and replication: Implications for SARS-CoV-2. Nat Rev Microbiol. 
2021;19:155–70. doi: 10.1038/s41579-020-00468-6
25. Antoniotti V, Bellone S, Gonçalves Correia FP, et al. Calreticulin and 
PDIA3, two markers of endoplasmic reticulum stress, are associated 
with metabolic alterations and insulin resistance in pediatric obesity: 
A pilot study. Front Endocrinol (Lausanne). 2022;13:1003919. doi: 
10.3389/fendo.2022.1003919
26. Wang J, Yu C, Zhuang J, et al. The role of phosphatidylserine 
on the membrane in immunity and blood coagulation. Biomark Res. 
2022;10(1):4. doi: 10.1186/s40364-021-00346-0

https://doi.org/10.17116/flebo201711121-27
https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.17816/PAVLOVJ110956
https://doi.org/10.1093/eurjpc/zwab088
https://doi.org/10.23888/HMJ202194589-596
https://doi.org/10.17116/flebo202317041312
https://doi.org/10.17116/flebo202317041312
https://doi.org/10.1016/s0140-6736(20)30937-5
https://doi.org/10.23888/HMJ202311115-30
https://doi.org/10.23888/HMJ202311115-30
https://doi.org/10.1159/000443884
https://doi.org/10.1002/jor.23587
https://doi.org/10.1016/j.ijcard.2018.01.116
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/061/254/original/%D0%92%D0%9C%D0%A0_COVID-19_V17.pdf?1671088207
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1002/oby.22831
https://doi.org/10.1016/j.ejvs.2020.09.023
https://doi.org/10.1016/j.jtha.2022.11.012
https://doi.org/10.1001/jama.287.13.1706
https://doi.org/10.1161/ATVBAHA.110.210070
https://doi.org/10.1001/jamacardio.2018.4537
https://doi.org/10.3892/mmr.2017.7763
https://doi.org/10.1182/blood.2020008762
https://doi.org/10.1038/s41579-020-00468-6
https://doi.org/10.3389/fendo.2022.1003919
https://doi.org/10.1186/s40364-021-00346-0


DOI: https://doi.org/10.17816/PAVLOVJ631743

424
ORIGINAL STUDY ARTICLES

I. P. Pavlov Russian  
Medical Biological HeraldVol. 32 (3) 2024

ОБ АВТОРАХ                                               AUTHORS' INFO 
*Агапов Андрей Борисович, к.м.н.;
ORCID: https://orcid.org/0000-0003-0178-1649;
eLibrary SPIN: 2344-5966; e-mail: agapchik2008@yandex.ru

Калинин Роман Евгеньевич, д.м.н., профессор; 
ORCID: https://orcid.org/0000-0002-0817-9573; 
eLibrary SPIN: 5009-2318; e-mail: kalinin-re@yandex.ru

Мжаванадзе Нина Джансуговна, д.м.н., доцент; 
ORCID: https://orcid.org/0000-0001-5437-1112; 
eLibrary SPIN: 7757-8854; e-mail: nina_mzhavanadze@mail.ru

Поваров Владислав Олегович, к.м.н.; 
ORCID: https://orcid.org/0000-0001-8810-9518;
eLibrary SPIN: 2873-1391; e-mail: ecko65@mail.ru

Никифоров Александр Алексеевич, к.м.н., доцент;
ORCID: https://orcid.org/0000-0003-0866-9705;
eLibrary SPIN: 8366-5282; e-mail: alnik003@yandex.ru

Максаев Денис Алексеевич, к.м.н.;
ORCID: https://orcid.org/0000-0003-3299-8832; 
eLibrary SPIN: 9962-2923; e-mail: denma1804@yandex.ru

Чобанян Артем Александрович, к.м.н.;
ORCID: https://orcid.org/0000-0002-8129-5976;
eLibrary SPIN: 4639-9650; e-mail: artaleksandrovich@gmail.com 

Сучков Игорь Александрович, д.м.н., профессор;
ORCID: https://orcid.org/0000-0002-1292-5452;
eLibrary SPIN: 6473-8662; e-mail: suchkov_med@mail.ru

                          
* Автор, ответственный за переписку / Corresponding author

*Andrey B. Agapov, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0003-0178-1649;
eLibrary SPIN: 2344-5966; e-mail: agapchik2008@yandex.ru

Roman E. Kalinin, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0002-0817-9573; 
eLibrary SPIN: 5009-2318; e-mail: kalinin-re@yandex.ru

Nina D. Mzhavanadze, MD, Dr. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0001-5437-1112; 
eLibrary SPIN: 7757-8854; e-mail: nina_mzhavanadze@mail.ru

Vladislav O. Povarov, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0001-8810-9518;
eLibrary SPIN: 2873-1391; e-mail: ecko65@mail.ru

Aleksandr A. Nikiforov, MD, Cand. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0003-0866-9705;
eLibrary SPIN: 8366-5282; e-mail: alnik003@yandex.ru 

Denis A. Maksayev, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0003-3299-8832; 
eLibrary SPIN: 9962-2923; e-mail: denma1804@yandex.ru

Artyom A. Chobanyan, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-8129-5976;
eLibrary SPIN: 4639-9650; e-mail: artaleksandrovich@gmail.com

Igor’ A. Suchkov, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0002-1292-5452;
eLibrary SPIN: 6473-8662; e-mail: suchkov_med@mail.ru

https://orcid.org/0000-0003-0178-1649
https://www.elibrary.ru/author_profile.asp?id=1163008
mailto:agapchik2008%40yandex.ru?subject=
https://orcid.org/0000-0002-0817-9573
https://www.elibrary.ru/author_profile.asp?id=528201
mailto:kalinin-re%40yandex.ru?subject=
https://orcid.org/0000-0001-5437-1112
https://www.elibrary.ru/author_profile.asp?id=757843
mailto:nina_mzhavanadze%40mail.ru?subject=
https://orcid.org/0000-0001-8810-9518
https://www.elibrary.ru/author_profile.asp?id=1016478
mailto:ecko65%40mail.ru?subject=
https://orcid.org/0000-0003-0866-9705
https://www.elibrary.ru/author_profile.asp?id=759835
mailto:alnik003%40yandex.ru?subject=
https://orcid.org/0000-0003-3299-8832
https://www.elibrary.ru/author_profile.asp?id=914231
mailto:denma1804%40yandex.ru?subject=
https://orcid.org/0000-0002-8129-5976
https://www.elibrary.ru/author_profile.asp?id=1031967
mailto:artaleksandrovich%40gmail.com?subject=
https://orcid.org/0000-0002-1292-5452
https://www.elibrary.ru/author_profile.asp?id=446567
mailto:suchkov_med%40mail.ru?subject=
https://orcid.org/0000-0003-0178-1649
https://www.elibrary.ru/author_profile.asp?id=1163008
mailto:agapchik2008%40yandex.ru?subject=
https://orcid.org/0000-0002-0817-9573
https://www.elibrary.ru/author_profile.asp?id=528201
mailto:kalinin-re%40yandex.ru?subject=
https://orcid.org/0000-0001-5437-1112
https://www.elibrary.ru/author_profile.asp?id=757843
mailto:nina_mzhavanadze%40mail.ru?subject=
https://orcid.org/0000-0001-8810-9518
https://www.elibrary.ru/author_profile.asp?id=1016478
mailto:ecko65%40mail.ru?subject=
https://orcid.org/0000-0003-0866-9705
https://www.elibrary.ru/author_profile.asp?id=759835
mailto:alnik003%40yandex.ru?subject=
https://orcid.org/0000-0003-3299-8832
https://www.elibrary.ru/author_profile.asp?id=914231
mailto:denma1804%40yandex.ru?subject=
https://orcid.org/0000-0002-8129-5976
https://www.elibrary.ru/author_profile.asp?id=1031967
mailto:artaleksandrovich%40gmail.com?subject=
https://orcid.org/0000-0002-1292-5452
https://www.elibrary.ru/author_profile.asp?id=446567
mailto:suchkov_med%40mail.ru?subject=

