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Obesity is a complex metabolic disorder that can be followed by blood coagulation disorders, athero-
sclerosis and atherothrombosis. In the present work, the levels of fibrinogen, soluble fibrin, D-dimer as well
as protein C were measured in the blood plasma of 24 morbidly obese patients (the body mass index exceeds
40 kg/m?) to evaluate the risk of prothrombotic state. The study showed that near by 80% of patients had
substantially increased fibrinogen concentration, 33% had increased concentration of soluble fibrin, 42%
had increased level of D-dimer in blood plasma as compared to control. According to the results of indi-
vidual analysis, the high level of fibrinogen and soluble fibrin while reduced protein C indicated the threat of
thrombosis, which requires complex diagnostics to be identified. Therefore, simultaneous quantification of
hemostatic system biomarkers in the blood plasma is the confident way to predict the risk of thrombotic com-
plications in morbidly obese patients.
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besity, following smoking and war, is
O the third cause of serious social problems

caused by humans. It is now estimated that
around 2.1 billion people worldwide (30% of the
world’s population) are overweight or obese, which
is associated with reduced life expectancy, 2.8 mil-
lion people die every year because of obesity or its
complications [1, 2]. In Ukraine, 53.5% of the adult
population (>20 years old) are overweight and 21.3%
are obese. The proportion of obese men and women
is 15.9 and 25.7%, respectively [3].

Severe obesity is a complex metabolic disorder
that can lead to atherosclerosis and atherothrom-
bosis. The study of the characteristics of the body
of patients with obesity, especially with morbid
obesity, occupies a special niche: it is well known
the association of excess body weight with type 2
diabetes or insulin resistance, arterial hypertension
and dyslipidemia which raises the risk of cardiovas-

cular diseases, such as ischemic heart disease and
ischemic stroke [5-7].

In addition, accumulating evidence suggests an
association between obesity, metabolic syndrome,
and venous thromboembolism [8].

A number of researchers have shown that the
relative risk for the development of pulmonary and
venous thromboembolism, deep vein thrombosis in
patients with obesity, especially with morbid obesity,
is two times higher than in patients without it [9, 10].

Hemostasis disorders in morbid obesity are
manifested in an increase in the content/activity
of coagulation factors (hypercoagulation), in-
creased platelet activity, and activation of endothe-
lial cells due to tissue hypoxia [1, 11, 12]. Risk
factors for thrombosis in obese patients include
inflammation, increased thrombin formation, and
hyperfibrinogenemia. In addition, patients with mor-
bid obesity show hypofibrinolysis due to increased



ISSN 2409-4943. Ukr. Biochem. J., 2023, \Vol. 95, N 4

levels of plasminogen activator inhibitor 1 (PAI-1)
[13-15].

Since obesity by itself is a risk factor for the
development of venous thromboembolism [4, 16],
and the combination of metabolic and hemostatic
changes lead to impaired coagulation and fibrinolytic
processes, as well as anticoagulant mechanisms,
clinical markers of the prothrombotic state may in-
dicate the risk of developing complications of the
metabolic syndrome. The aim of the present work
was the selection of basic parameters of the coagula-
tion system that are essential for laboratory testing in
the blood plasma of morbidly obese patients.

Materials and Methods

Patients. A total of 24 patients with morbid
obesity were included in the study. Patients were
treated at Shalimov National Institute of Surgery
and Transplantation National Academy of Medical
Sciences of Ukraine, Kyiv. The mean age of the pa-
tients was 46 * 4 years. The examined group con-
sisted of 19 females and 5 males. The mean body
mass index (BMI) was 44 + 6 kg/m?. 4 patients were
smokers. In all 24 sick people, arterial hypertension
appeared, 19 patients (79%) had type 2 diabetes and
5 (21%) had glucose intolerance. 8 (33%) patients
suffered from manifestations of deep vein thrombo-
sis (DVT). The control group consisted of 10 healthy
volunteers without obesity BMI values (22 £ 3 kg/
m?) with a mean age of 42 + 3 years.

Ethical approval. Patients signed informed
consent prior to blood sampling according to the
Helsinki declaration. This study was approved by the
Ethics Committee of Shalimov’s National Institute
of Surgery and Transplantation National Academy of
Medical Sciences of Ukraine, Kyiv (02.08.2015, N4).

Materials. Human blood plasma, immu-
nodiagnostic test-systems (Palladin Institute of
biochemistry, Kyiv, Ukraine), thrombin-like enzyme
from snake venom (Palladin Institute of biochemis-
try, Kyiv, Ukraine), protein C-specific chromogenic
substrate S2236 (p-Glu-Pro-Arg-pNa).

Methods. Fibrinogen. Fibrinogen concentration
in the blood plasma was determined by the modified
spectrophotometric method. Blood plasma (0.2 ml)
and PBS (1.7 ml) were mixed in a glass tube. Co-
agulation was initiated by the addition of 0.1 ml of
thrombin-like enzyme from the venom of Aghistro-
don halys halys (1 NTH/ml) to prevent fibrin cross-
linking. The mixture was incubated for 30 min at
37°C. The fibrin clot was removed and resolved in

5 ml of 1.5% acetic acid. The concentration of pro-
tein was measured using spectrophotometer POP
(Optizen, Korea) at 280 nm (e = 1.5) [17].

Soluble fibrin. Soluble fibrin was detected using
sandwich ELISA with monoclonal antibodies pro-
duced at Palladin Institute of biochemistry of NAS
of Ukraine. Fibrin-specific monoclonal antibody
I-3C was used as catch-antibody. Biotinilated mono-
clonal antibody I1-4d that has epitope at the NH_-ter-
minal fragment of y-chain of D-region of fibrinogen
molecule was used as a tag-antibody optical density
was measured at 492 nm using multiplate reader RT
2100C (Rayto, China). [18].

D-dimer. D-dimer was detected using sandwich
ELISA as described above for soluble fibrin with
modification. Biotinilated DD-specific monoclonal
antibody 111-3B that has epitope at the NH,-terminal
fragment of BB-chain of D-region of fibrin(ogen)
produced at Palladin Institute of biochemistry of
NAS of Ukraine was used as the catch-antibody [18].

Protein C. Total protein C level in blood plasma
was determined using protein C activator and protein
C-specific chromogenic substrate S2236 (p-Glu-Pro-
Arg-pNa) [19]. In a well of 96-well plate 0.02 ml of
studied blood plasma sample, 0.03 ml of S2236 solu-
tion (0.25 mM) and 0.03 ml of protein C activator so-
lution were admixed in the TBS with 0.001 M CaCl,
at final volume of 0.25 ml. The generation of colorful
p-nitroaniline (pNa) was monitored at 405 nm using
ThermoMultiscan (ThermoFisher, USA). Results
were presented as % from control values.

Statistics. Statistical analysis was done using
SPSS (statistical package for social science) ver-
sion 17. Data are expressed as mean + SD to describe
quantitative variables and number of percentage to
describe qualitative variables. The Student’s t-test
was used to assess the difference between two study
groups (obese and control) for fibrinogen, D-dimer,
soluble fibrin and protein C. P < 0.05 was considered
significant.

Results

Characterization of cohort. Fibrinogen.
Among the study group, only four people (20%)
had fibrinogen levels in line with the norm. The
rest 20 patients (approximately 80 %) had substan-
tially increased fibrinogen concentration (5.6 + 1.8
against 2.5 £ 0.5 mg/ml in control) (Fig. 1). Statisti-
cal analysis of the Student’s t-test showed a signifi-
cant difference between obese and control groups
with P = 0.005. In most cases hyperfibrinogenemia
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Fig.1. Distribution of morbidly obese patients ac-
cording to the concentration of fibrinogen (marked
in red are patients whose numbers are significantly
different from control)

is considered as an evidences of chronic low-grade
inflammation and increased risk of intravascular
clotting.

Protein C. Assessment of the state of the hemo-
stasis system in patients with morbid obesity did not
reveal significant changes in the anticoagulant level:
we did not find any significant decrease in the level
of protein C which is the main anticoagulant factor
(Fig. 2).

D-dimer. Approximately 42 % of patients (10
out of 24) had the level of D-dimer increased twice
or more compared to the control (6 patients had
1.5-2.0 times higher, and 6 had 3 and more times
higher against 100+50 ng/ml for developed test)
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Fig. 3. Distribution of morbidly obese patients ac-
cording to the concentration of D-dimer (marked
in red are patients whose numbers are significantly
different from control)
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Fig.2. Distribution of morbidly obese patients ac-
cording to the level of protein C (marked in red are
patients whose numbers are significantly different
from control)

(Fig. 3). However statistical calculation did not show
a significant difference between study groups with
P = 0.06.

Soluble fibrin. Also, there was not a significant
difference in the amount of soluble fibrin in the plas-
ma of obese patients compared to the healthy group
(P = 0.125). About 33% of patients had increased
concentration of SF (9 out of 24) (Fig. 4).

Personalized analysis. For individual analy-
sis, we chose patients with a high level of SF in the
blood plasma and with a level that corresponds to
the norm, since the degree of activation of the blood
coagulation system correlates with the accumulation
of this very marker of thrombophilia. Table shows
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Fig. 4. Distribution of morbidly obese patients
according to the concentration of soluble fibrin
(marked in red are patients whose numbers are sig-
nificantly different from control)
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Tab | e. Individual blood plasma samples from patients with morbid obesity, with activated blood coagulation system

Patients
Parameters

A B D £ Control
(donors)
Fibrinogen, g/l 70+ 0.6 43102 34+0.3 71+04 3.0+0.2 3.0+05

Soluble,
fibrin mg/1 18+0.2 135+ 0.7 6.8+ 0.5 77+06 52+0.6 3.0+0.3
D-dimer, ng/I 62 + 29 274 + 63 42 +8 250 + 58 593 £ 77 100 + 50
Protein C, % 71+8 65+3 100 + 25 68+9 96 + 17 100 £ 20

the results of the analysis of individual blood plasma Discussion

samples from patients with morbid obesity, which
should be taken into account when monitoring the
condition of patients.

Patient A. Patient’s blood coagulation system
is not activated SF and D-dimer are almost absent.
However, high content of fibrinogen and a significant
consumption of protein C indicate the development
of an inflammatory process and the appearance of
thrombin in the bloodstream, respectively. It is nec-
essary to pay attention to the level of PC: if the indi-
cator does not recover during the course of appropri-
ate therapy, it is advisable to conduct genetic studies.

Patient B. The level of D-dimer and soluble fi-
brin increased by 4 times relative to the normal and a
very low level of protein C indicates a high degree of
activation of the patient’s blood coagulation system.
Anticoagulant therapy is required.

Patient C. Practically absent D-dimer and 2.2-
fold increased SF level indicates an imbalance be-
tween pro- and anticoagulants. Despite a slight de-
gree of activation, the patient is at risk, since any
inflammatory process or surgical intervention can
cause further development of thrombophilia.

Patient D. A 3-fold increase in the level of D-
dimer, a 2.5-fold increase in SF and a decrease in
the content of PC indicate the activation of the blood
coagulation system, which is especially dangerous
against the background of a high level of fibrinogen.
The patient requires anticoagulant therapy because
he is at risk of developing thrombosis.

Patient E. Test results show slight activation of
the coagulation system. The high content of D-dimer
and SF indicates that the coagulation and fibrinolytic
processes are in dynamic equilibrium. However, de-
spite the apparent well-being, the presence of RF
indicates the need to monitor the patient’s condition.

Evaluation of indicators of the state of hemo-
static system could be perspective for determining
the coagulation potential of patients with morbid
obesity. Despite the presence of a large amount of
accumulated data that shed light on the pathogene-
sis of thrombosis in morbid obesity, the strategy for
preventing thrombosis in such patients needs to be
improved. The most informative markers of activa-
tion of the coagulation process are required to help
identify patients at increased risk of thrombosis. Our
study focused on determining the content of fibrino-
gen, soluble fibrin, D-dimer and protein C — indica-
tors that most accurately reflect the balance between
the procoagulant and fibrinolytic links of the hemo-
stasis system in the case of morbid obesity.

Obesity is characterized by hyperfibrinogene-
mia, which, by changing the rheological properties
of blood and clot structure, impairs blood flow in the
microcirculation. Fibrinogen promotes arterial and
venous thrombosis by increasing fibrin formation
and could trigger atherosclerosis through vascular
smooth muscle and endothelial cell proliferation [10].
In our work, 80% of patients with morbid obesity
showed a significant relative to the norm increase
in the content of fibrinogen (4-9 g/1 versus 3.0 g/l)
which may also indicate the development of an in-
flammatory process. Since hyperfibrinogenemia is
an independent factor in the development of throm-
bosis, high fibrinogen concentration in the blood
plasma of morbidly obese patients is compelling evi-
dence of the risk of hypercoagulability in such pa-
tients. Our results are consistent with literature data
[20-23] and indicate the activation of the coagulation
system, which leads to an increase in the formation
of thrombin, a marker of hypercoagulability. Regu-
lar laboratory testing of the basic parameters of the
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blood coagulation system could be recommended to
morbidly obese patients due to increased fibrinogen
level in their blood.

Changes in the coagulation process in obese in-
dividuals, especially those with morbid obesity, are
complex. On the one hand, they include an increase
in the content/activity of blood coagulation factors,
hyperfibrinogenemia and excessive platelet activity.
On the other hand, in obese individuals, fibrinolysis
is inhibited. A direct relationship has been estab-
lished between morbid obesity and an increased level
of tissue factor, blood coagulation factors VII and
VIII, von Willebrand factor, antithrombin 111, TAT
complex and fibrinogen and, indirectly, endothelial
damage as an independent factor contributing to the
risk of thrombosis [24-29].

Cleavage of fibrin during fibrinolysis leads to
the formation of D-dimer. The concentration of D-
dimer in the blood is proportional to the activity of
fibrinolysis and the amount of lysed fibrin. D-dimer
is a marker of activation of intra- and extravascular
coagulation and fibrinolysis. In our study, elevated
levels of D-dimer (250 ng/ml relative to 75-100 ng/
ml) were found in 42% of patients with morbid obe-
sity. A high level of soluble fibrin (>4 mg/I relative
to 3 mg/l), a marker of activation of intravascular co-
agulation, was detected in 33% of patients (8 of 24).
As for the level of protein C, there were no signifi-
cant changes in the content/activity of this physio-
logical anticoagulant: only 12% of patients (3 out of
24) showed low levels (68-71% relative to 100%). For
individual analysis, we chose patients with a high
level of SF in the blood plasma and with a level that
corresponds to the norm, since the degree of activa-
tion of the blood coagulation system correlates with
the accumulation of this very marker of thrombo-
philia (Fig. 4).

From the results of an individual analysis (Ta-
ble), it follows that with a high level of fibrinogen
and soluble fibrin and reduced protein C at the same
time there is a real threat of thrombosis, which re-
quires complex diagnostics to be identified. The
methods of laboratory diagnostics we have chosen
confirm the need for their integrated use.

However, according to an individual analysis,
low level of protein C and accumulation of SF was
observed in the samples with a normal range of D-
dimer which indicates pathological thrombin genera-
tion.

On the other hand, a high level of D-dimer
(more than 250 ng/ml) in most cases was accom-

panied by accumulation of SF. As far as SF is the
product of thrombin generation and fibrin produc-
tion while D-dimer is the result of fibrinolysis of sta-
bilized fibrin, one can conclude that these patients
have well-balanced hemostasis.

Therefore, characterization of different bio-
markers that could be used to identify patients with
increased risk of thrombosis in the perioperative set-
ting of surgery as well as in the long run needs to be
established.

Conclusions. More than 30% of patients with
normal levels of D-dimer (100-200 ng/ml) had a
high risk of thrombosis according to high levels of
fibrinogen and SF. Two of patients also additionally
had decreased level of protein C that was assumed
as the treat of intravascular thrombus formation. Si-
multaneous quantification of SF, D-dimer and pro-
tein C is the only confident way to predict the risk of
thrombotic complications in morbidly obese patients.
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OXHUpIHHA — LEe CKJaJHE MOPYLICHHA O00Mi-
HY PCUYOBHUH, SIKE CYNPOBOIKYETHCS MOPYLICHHSIM
3rOpTaHHs KPOBi, aT€pPOCKIEPO30OM 1 arepoTpoM-
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06o3oM. Y pnaniii poGoTi Oysi0 BH3HAUYEHO PiBEHBb
¢ibpunoreny, poszuumHHOro ¢ibpuny, D-mumepy,
a Takox mpoteiny C y miaa3Mi KpoBi 24 maiieHTiB
i3 MATOJIOTIYHUM OXHUPIHHAM (IHIEKC Macu Tina
Buie 40 kr/M?) JUIst OLIHKH PU3HKY MPOTPOMOO-
TUYHOTO cTany. JlocnikeHHs mokasasno, 1o y oijis
80% XBOpHUX CYTTEBO MiJABUIIMIACS KOHIICHTPAIiS
¢idpunoreny, y 33% — po3uunnHoro QiOpuny, y 4
% — piBeHb D-mumepy B Tu1a3mi KpOBi MOPiBHSIHO
3 KOHTpOJIeM. 3a pe3yJibTaTaMH 1HIUBIyaTbHOTO
aHaJi3y BUCOKMI piBeHb (DIOPHHOTEHY Ta PO3UHH-
Horo ¢i0puHy 3a 3HMKeHOro npoTeiny C BKka3ye Ha
3arpo3y Tpom003y, 10 MoTpedye KOMIICKCHOT JTia-
THOCTUKH. TAKMM YHHOM, OJJHOYACHE K1JbLKICHE BH-
3HaUYeHHs 0iI0MapKepiB CUCTEMHU I'eMOCTa3y B IJIa3-
Mi KpOBi € BIEBHEHUM CIOCOOOM MPOTHO3YBaHHS
PHU3UKY TPOMOOTHUHUX YCKJIaJHEHb y MAaIli€HTIB i3
MATOJOTTYHUM OKUPIHHSIM.

KnwdyoBi cJyoBa: reMocras, 0XKHpPiHHS,
D-mumep, pozunaauit GidpuH, mpotein C, TpoM003.
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