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Abstract. – OBJECTIVE: This study provides 
a theoretical basis for the prevention, treatment 
and diagnosis of venous thrombosis during 
pregnancy.

PATIENTS AND METHODS: Sixty patients with 
venous thrombosis in gestation period were treat-
ed as the research group, including every 30 peo-
ple in the middle and late pregnancy groups, and 
the control group randomly selected 33 healthy 
pregnant women during the same period. The an-
ti-β2 glycoprotein I antibody IgA/G/M, platelet ag-
gregation rate, plasma fibrinogen, and D-dimer 
levels were measured in all subjects.

RESULTS: Resistance-β2 glycoprotein I anti-
body IgA/G/M, platelet aggregation rate, plas-
ma fibrinogen, and compared with the con-
trol group, D-dimer levels were significantly in-
creased (p<0.05), but for the middle pregnancy 
group and late pregnancy group, the difference 
was not statistically significant (p>0.05). In the 
control group of pregnant women anti-β2 gly-
coprotein Ⅰ antibody IgA/G/M, platelet aggrega-
tion rate, plasma fibrinogen, and D-dimer no ob-
vious correlation (p>0.05), Anti-β2 glycoprotein 
Ⅰ antibody IgA/G/M, platelet aggregation rate, 
plasma fibrinogen, D-dimer entry equation are 
closely related risk factors for venous thrombo-
sis during pregnancy (p<0.05), and D-dimer is 
the most important. 

CONCLUSIONS: Vein thrombosis during preg-
nancy patients anti-β2 glycoprotein I antibody Ig-
A/G/M, platelet aggregation rate, plasma fibrin-
ogen, and D-dimer in pregnant women group 
increased significantly compared with the con-
trol group, suggesting these above indicators are 
closely related to Venous thrombosis in pregnant 
women and associated with the severity of the dis-
ease. Vascular endothelial injury plays an import-
ant role in phlebothrombosis in gestation period.

Key Words:
Phlebothrombosis in gestation period, Platelet ag-

gregation rate, Plasma fibrinogen, Anti-β2 glycopro-
tein I antibody IgA/G/M, D-dimer, Vascular endothe-
lial injury.

Introduction

Under physiological conditions, the body 
keeps the blood in a dynamic equilibrium state 
and maintains an uncoagulated flow state in the 
role of anticoagulation, coagulation, and fibri-
nolytic system. During pregnancy, the anticoag-
ulation, coagulation and fibrinolytic system of 
the pregnant woman will undergo physiological 
changes, the level of anticoagulant substances 
will decrease, and the blood will show a state 
of high coagulation. With the continuous in-
crease of pregnant women’s gestational weeks, 
the accumulation of anticoagulant substances 
will lead to a state of high coagulation in the 
blood vessels. Venous thrombosis in pregnancy 
is the result of venous stasis1. At the same time, 
it can also cause special pathological chang-
es such as vascular injury, which endangers 
the health of both mothers and infants. It is 
also an important cause of perinatal adverse 
outcomes and even death. Its risk is 4-5 times 
that of non-pregnant women of the same age2. 
The exact pathogenesis is unknown3. Hyper-
coagulability during pregnancy is a protective 
physiological change of the body. Severe co-
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agulation can cause disseminated intravascu-
lar coagulation, can cause maternal coagulation 
dysfunction during pregnancy or complications 
related to pregnancy coagulation dysfunction, 
and severe cases can cause postpartum hemor-
rhage4. Therefore, changes in coagulation func-
tion indexes during pregnancy have a great part 
to play in the genesis and development of venous 
thrombosis during pregnancy. The coagulation 
cascade reaction during pregnancy is a gradu-
al aggravation process5. Anti-β2 glycoprotein 
I antibody IgA/G/M, platelet aggregation rate, 
plasma fibrinogen and D-dimer are markers of 
vascular coagulation function. Changes in the 
above indicators can directly lead to vascular 
endothelial cell damage. Anti-β2 glycoprotein I 
antibody IgA/G/M is a new marker of oxidative 
stress6, activates monocytes, induces vascular 
inflammation, and severe cases will also dam-
age vascular endothelial cells7. Platelet aggre-
gation rate, plasma fibrinogen and D-dimer can 
lead to the expression of adhesion molecules8. 
But anti-β2 glycoprotein I antibody IgA/G/M 
in venous thrombosis during pregnancy in the 
process of the formation and the onset of mech-
anism is poorly understood. The primary re-
search purpose is through the determination of 
vein thrombosis during pregnancy and normal 
pregnant women fight beta 2 glycoprotein I an-
tibody in serum and placenta IgA/G/M, platelet 
aggregation rate, plasma fibrinogen, expression 
level of D-dimer, vein thrombosis patients and 
normal pregnant women during pregnancy in 
order to understand the above index difference. 
To discuss the role of anti-β2 glycoprotein I an-
tibody IgA/G/M, platelet aggregation rate, plas-
ma fibrinogen, D-dimer in the occurrence and 
development of phlebothrombosis in gestation 
period, and to explore the relationship between 
the expression of the above indicators and the 
severity of the disease and provide important 
theoretical basis for clinical treatment, diagnosis 
and prevention.

Patients and Methods

Experimental Group
Sixty patients with gestational thrombotic 

diseases during pregnancy who were prenatal 
examination in The Fifth Hospital of Wuhan 
and were hospitalized from 2018-2 to 2019-12 
were randomly selected and divided into two 
groups. There were 30 patients in the middle and 

late pregnancy groups. Middle pregnancy group 
(28.0±3.6) years (22-34 years) and average gesta-
tional age (28.5±1.0) weeks, late pregnancy group 
(27.2±3.8 years) (21-34 years), average gestational 
age (38.8±1.2) week.

This study has been pre-approved by the Ethics 
Committee of The Fifth Hospital of Wuhan. All 
subjects have signed the consent forms before 
recruitment in this study.

Control Group
Pregnant women with an average gestational 

age (38.8±1.1) week and an average age (27.5±3.7) 
year (21~34 years) were randomly selected as the 
control group. 

Inclusion and Exclusion Criteria
Inclusion criteria: all subjects had a single first 

birth, with no obvious difference in health, age or 
gestational age. Exclusion criteria: atherosclero-
sis, severe liver and kidney disease, hypertension, 
coronary heart disease, other endocrine diseases, 
blood diseases, premature rupture of membranes 
and other diseases and their complications; bad 
habits such as smoking and drinking; insulin re-
sistance; recent infection.

Reagents and Equipment
Anti-β2 glycoprotein I antibody IgA/G/M, 

platelet aggregation rate, plasma fibrinogen and 
D-dimer enzyme-linked immunosorbent kit (Elab-
science, TX, USA), sealing fluid (10% goat serum), 
anti-mouse biology Secondary antibody (Sizheng-
bai Biotechnology, Bejing, China) biotinylated 
goat anti-rabbit secondary antibody working flu-
id, serum working fluid, endogenous peroxidase 
sealing fluid, horse radish peroxidase (HRP)-la-
beled streptavidin (Kangshi, Hong Kong, China), 
Diaminobenzidine (DAB) substrate buffer, DAB 
substrate concentrate (20*) (ready-made) (Zhong-
shan Jinqiao, Beijing, China). Automatic balance 
centrifuge-70°C low temperature refrigerator 4°C 
refrigerator, Eppendorf (EP) tube.

General Clinical Data Collection
Record the age, blood pressure, and gestational 

age of the three groups of subjects. Subjects fast-
ed in the morning. Use a uniform measurement 
tool to manually measure body mass and height. 
Calculating BMI (BMI = kg/m2).

Biochemical Test
Anti-β2 glycoprotein I antibody IgA/G/M, 

platelet aggregation rate, plasma fibrinogen and 
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D-dimer, etc. were detected in our hospital’s bio-
chemical laboratory.

Specimen Collection
All subjects were centrifuged at 2000 rpm for 

10 minutes at room temperature before admission 
(before any drug treatment) and 6 ml of fasting 
venous blood was input. Plasma was separated 
from 3 ml of blood, and stored in an EP tube in 
a refrigerator at –70°C to measure anti-β2 glyco-
protein I antibody IgA/G/M, platelet aggregation 
rate, plasma fibrinogen, and D-dimer concentra-
tions.

Determination of Plasma Anti-β2 
Glycoprotein I Antibody IgA/G/M 
and D-dimer Concentration

The enzyme-linked immunosorbent kit was 
performed by a sandwich enzyme-linked immu-
nosorbent assay (ELISA). Samples, standards, 
and add horseradish peroxidase (HRP)-labeled 
antibodies to the coated microwells of pre-coated 
antibodies and incubate and wash thoroughly 
for 3 min. Tetramethylbenzidine (TMB) expands 
the substrate. Under the catalysis of horseradish 
peroxidase, TMB is converted to blue, and it is 
converted to final yellow under the action of acid. 
Optical density (OD) value was detected at 450 
nm. The OD values were positively correlated 
with the concentration of anti-β2 glycoprotein 
I antibody IgA/G/M, platelet aggregation rate, 
plasma fibrinogen and D-dimer concentration in 
the sample. The standard curve is used to calcu-
late the concentration.

Statistical Analysis
SPSS 23.0 statistical software (IBM Corp., Ar-

monk, NY, USA) was used for data analysis. Per-
cent is showed as %. The measurement data are 
showed as average  value ± standard deviation. 
First, the homogeneity of variance of the data 
is tested, and the average of multiple samples is 
compared by analysis of variance (ANOVA). The 
t-test was compared to the average of each two 
samples. If the variance is not a t-test, compare 
the sampling rate with the χ2-test. Thrombosis 

during pregnancy as the dependent variable, an-
ti-β2 glycoprotein I antibody IgA/G/M, platelet 
aggregation rate, plasma fibrinogen, and D-dimer 
factors as independent variables, multivariate lo-
gistic regression analysis with significant differ-
ence p< 0.05.

Results

To Compare Plasma D-dimer Levels
The level of plasma D-dimer in the control 

group was 45.98-78.97 ng/ml, with an average 
of 63.97±8.9 ng/ml. The plasma D-dimer level 
in the middle pregnancy group was 84.89-126.77 
ng/ml, with an average of 105.92±11.6 ng/ml. 
The horizontal range is 87.42-131.98 ng/ml, and 
the average value is 109.68±12.2 ng/ml. The sta-
tistical results showed that the plasma D-dimer 
levels in the control group were significantly 
lower than those in the middle and late pregnancy 
groups (both p<0.05) with significant difference. 
The plasma D-dimer level in the late pregnancy 
group was slightly higher than that in the middle 
pregnancy group with no significant difference 
(p>0.05), as shown in Table I.

Note: making a comparison with the control 
group, it is ap<0.05, making a comparison with 
the middle pregnancy group, it is bp<0.05.

To Compare Plasma Fibrinogen
Concentration in Each Group

The plasma fibrinogen concentration in the 
control group was 18.45-39.19 ng/ml, with an 
average of 26.90±4.7 ng/ml. The plasma fibrin-
ogen concentration in the medium pregnancy 
group was 30.94-90.58 ng/ml, with an average of 
61.95±15.3 ng/ml. The average concentration was 
64.82±17.1 ng/ml, 34.18-96.14 ng/ml. Statistical 
consequences indicated that in the control group 
the plasma plasma fibrinogen level was signifi-
cantly lower than that in the middle and late 
pregnancy groups (both p<0.05) with significant 
difference. At the same time, plasma fibrino-
gen levels in the middle pregnancy group were 
slightly lower than in the late pregnancy group 

Table I. To compare of plasma D-dimer levels.

	 Group	 Concentration range	 Average

Control group	 45.98~78.97 ng/ml	   63.97 ± 8.9 ng/mlb

Middle pregnancy group	   87.42~131.98 ng/ml	 105.92 ± 11.6 ng/mla

Late pregnancy group	   87.42~131.98 ng/ml	 109.68 ± 12.2 ng/mla
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(p>0.05) with no significant difference, as shown 
in Table II.

Note: making a comparison with the control 
group, it is ap<0.05, making a comparison with 
the middle pregnancy group, it is bp<0.05.

To Compare Platelet Aggregation Rate
The platelet aggregation rate in the control 

group was 45.98-78.97%, with an average of 
63.97±8.9%. The platelet aggregation rate in the 
medium pregnancy group was 84.89-96.77%, 
with an average of 90.92±11.6%. The platelet 
aggregation rate in the late pregnancy group 
was 87.42-97.98%, with an average value of 
94.68±12.2%. The statistical results showed that 
the platelet aggregation rate is significantly high-
er in the pregnant group and the late pregnancy 
group than in the control group (both p<0.05) 
with significant difference. The platelet aggrega-
tion rate in the late pregnancy group was slightly 
higher than that in the middle pregnancy group 
with no significant difference. (p>0.05), as shown 
in Table III.

Note: making a comparison with the control 
group, it is ap<0.05, making a comparison with 
the middle pregnancy group, it is bp<0.05.

To Compare Plasma Anti-β2 Glycoprotein 
I Antibody Ig/G/M Concentration

The concentration of anti-β2 glycoprotein I 
antibody Ig/G/M in the control group was 18.45-
39.19 ng/ml, with an average of 26.90±4.7 ng/ml, 
and the concentration of the middle pregnancy 
group was 30.94-90.58 ng/ml, with an average of 
61.95 ± 15.3 ng/ml, the concentration in the late 
pregnancy group was 34.18-96.14 ng/ml, with 
an average of 64.82 ± 17.1 ng/ml. The statistical 

consequences indicated that the concentration of 
the middle and late pregnancy groups was signifi-
cantly higher than that of the control group with 
significant difference (both p<0.05). At the same 
time, the concentration of annexin A5 in the late 
pregnancy group was slightly higher than that in 
the middle pregnancy group with no significant 
difference (p>0.05), as shown in Table IV.

Note: making a comparison with the control 
group, it is ap<0.05, making a comparison the 
middle pregnancy group, it is bp<0.05.

Analysis of Multiple Risk Factors of 
Venous Thrombosis During Pregnancy

According to the above indicators, relevant risk 
factors were analyzed. Anti-β2 glycoprotein I an-
tibody Ig/G/M, platelet aggregation rate, plasma 
fibrinogen, D-dimer were used as independent 
variables, and the presence or absence of venous 
thrombosis was used as the dependent variable. 
Logistic regression analysis showed that anti-β2 
glycoprotein I antibody Ig/G/M, platelet aggre-
gation rate, plasma fibrinogen, and D-dimer en-
tered the equation, which was closely related risk 
factors for venous thrombosis during pregnancy 
(p<0.05) and D-dimer is the most important 
(OR=6.58, 95% CI: 2.71-19.35, p=0.001; Table V).

Discussion

The number of platelets during pregnancy is 
higher than that during non-pregnancy, and fibrin 
production is increased, which is one of the rea-
sons for the increasing morbidity and mortality 
of pregnant women and premature babies. The 
decrease of fibrinolytic activity leads to the oc-

Table II. To compare of plasma plasma fibrinogen concentrations.

	 Group	 Concentration range	 Average

Control group	   18.45~39.19 ng/ml	 26.90 ± 4.7 ng/mlb

Middle pregnancy group	   30.94~90.58 ng/ml	   61.95 ± 15.3 ng/mla

Late pregnancy group	 34.18-96.14 ng/ml	   64.82 ± 17.1 ng/mla

Table III. To compare of platelet aggregation rate.

	 Group	 Concentration range	 Average

Control group	 45.98~78.97%	 26.90 ± 4.7%b

Middle pregnancy group	 84.89~96.77%	   90.92 ± 11.6%a

Late pregnancy group	 87.42~97.98 %	   94.68 ± 12.2 %a
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currence of hypercoagulability and the increase 
of coagulation factors, which is closely related 
to adverse pregnancy outcomes9. At the same 
time, it can cause diseases related to vascular 
dysfunction, such as metabolic syndrome, type 
2 diabetes, and cardiovascular risk. Its incidence 
is reported to be approximately 1.3/1000 preg-
nancies10. If the venous thrombus falls off and is 
embedded in the blood vessels of the lungs next 
week, it can cause pulmonary embolism and in-
crease the risk of pulmonary embolism death11. 
Therefore, it is very important to diagnose and 
treat deep vein thrombosis of lower limbs in 
time. However, the research mechanism of ges-
tational thrombosis has not been clearly stud-
ied. Therefore, actively exploring the mechanism 
of thrombosis, pathogenesis and development 
during pregnancy is helpful to the prevention and 
control of the disease and has a positive effect on 
improving pregnancy outcomes. Current research 
has shown that genetic defects are important in 
the risk factors for venous thrombosis12. Studies 
on coagulation function indicators of women 
during normal pregnancy have been reported 
abroad. Protein C deficiency, protein S deficien-
cy, protein Z deficiency, and factor V mutations 
can cause changes in coagulation function. The 
current research is to investigate the diagnosis of 
a certain pregnancy during pregnancy13, and there 
are few domestic research reports. Therefore, to 
explore and study the markers of venous throm-
bosis during pregnancy is of great significance to 
guide the prevention and treatment of diseases.

Platelet aggregation rate, plasma fibrinogen, 
and D-dimer are important markers that cause 

thrombosis and endothelial function destruction. 
As various white blood cells aggregate to the 
site of inflammation, they can lead to activa-
tion and adhesion of endothelial cells14. When 
leukocytes adhere to the surface of endothelial 
cells, plasma fibrinogen and D-dimer increase, 
and the platelet aggregation rate increases. That 
is, when the body produces a large number of 
oxidative intermediates that cause insufficient 
oxidants, the oxidized intermediate shell can bind 
to lipid proteins, leading to peroxidation, which 
destroys the function of endothelial cells and 
causes increased protein oxidative damage. Lipid 
oxidation can cause increased DNA damage15. 
The main clinical manifestation of lipid oxidative 
damage is dyslipidemia. But little is known about 
oxidative damage to proteins. However, the role 
of oxidative damage cannot be ignored. Anti-β2 
glycoprotein I antibody IgA/G/M is a molecular 
marker of oxidative stress and is the final product 
of oxidative stress caused by oxidative stress. The 
increased production of anti-β2 glycoprotein I an-
tibody IgA/G/M can cause the body’s monocytes 
and neutrophils to suddenly increase, can induce 
monocytes to produce more reactive oxygen spe-
cies, and the oxidative stress response is contin-
uously strengthened, thereby making vascular 
endothelial cells produce active oxygen, reduce 
the fluidity of the cell membrane, lipid peroxi-
dation will increase the permeability between 
cells, thereby inducing calcium overload, thereby 
damaging vascular endothelial cells, inducing 
oxidative stress, and the vicious cycle will cause 
blood vessels endothelial injury and promotes 
increased annexin expression. Other studies have 

Table IV. To compare of plasma anti-β2 glycoprotein I antibody Ig/G/M concentrations.

	 Group	 Concentration range	 Average

Control group	 18.45~39.19 ng/ml	 26.90 ± 4.7 ng/mlb

Middle pregnancy group	 30.94~90.58 ng/ml	 61.95 ± 15.3 ng/mla

Late pregnancy group	 34.18~96.14 ng/ml	 64.82 ± 17.1 ng/mla

Table V. Multivariate logistic regression analysis of venous thrombosis during pregnancy.

	 Risk factor	 β	 p	 OR	 95% CI

D-dimer	 1.792	 0.001*	 6.581	 2.713~19.355
Platelet aggregation rate	 1.124	 0.045*	 2.673	 1.053~7.423
Anti-β2 glycoprotein I antibody IgA/G/M	 1.445	 0.002*	 4.285	 1.453~13.084
Plasma fibrinogen	 1.563	 0.013*	 4.935	 1.379~16.493
Constant	 -3.275	 0.000	 0.043	
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confirmed that vascular endothelial damage oc-
curs in maternal tissues of thrombosis patients 
in gestation period and occurs in fetus16. It has 
also been confirmed that vascular diseases and 
metabolic system diseases are based on endothe-
lial cell damage, but the specific mechanism of 
endothelial cell damage in pregnancy thrombosis 
remains to be studied. Therefore, it is valuable to 
study vascular endothelial damage in the patho-
genesis of thrombosis during pregnancy.

This study found that the anti-β2 glycopro-
tein I antibody IgA/G/M, platelet aggregation 
rate, plasma fibrinogen, and D-dimer in plasma 
of patients with thrombosis during pregnancy 
were prominently higher than those in the con-
trol group (p<0.05), suggesting that the above 
indicators are closely related to the incidence 
of thrombosis in gestation period, indicating 
that the thrombosis and endothelial damage 
mechanism have a vital role in thrombosis de-
velopment during pregnancy. Since studies have 
indicated that platelet aggregation rate, plasma 
fibrinogen, and D-dimer are not only a new 
marker of oxidative stress, but also a new in-
flammatory mediator that mediates angiogene-
sis, we have studied its positive significance to 
study its role in thrombosis during pregnancy. 
Our research also found that the risk factors 
for venous thrombosis during pregnancy can be 
as follows: (1) D-dimer. Multi-factor Logistic 
analysis also confirmed that increased D-dimer 
expression is a dangerous element for phlebo-
thrombosis in gestation period, an OR index is 
6.58 higher than other factors, suggesting that 
increased D-dimer expression is the most im-
portant dangerous for phlebothrombosis during 
pregnancy; results are consistent with those 
reported in literature17. (2) Platelet aggrega-
tion rate. Multiple factor Logistic analysis also 
confirmed that platelet aggregation rate was a 
risk factor for venous thrombosis in pregnancy. 
The study reported that the incidence of platelet 
aggregation in patients with gestational throm-
bosis was 2.67 times higher than that in healthy 
control group (OR=2.67). The consequence is 
similar to those reported in literature18. (3) An-
ti-β2 glycoprotein I antibody IgA/G/M. In recent 
years the research thinks that the mechanism 
of increased anti-β2 glycoprotein I antibody 
IgA/G/M on pregnancy thrombosis is complex. 
The expression of high anti-β2 glycoprotein I 
antibody IgA/G/M will produce a large number 
of acidic metabolites in the thrombus site, pro-
duces toxic to cells, damage the vascular endo-

thelium and dilate local blood vessels, leading 
to rupture of capillaries and bleeding19. Logistic 
analysis confirmed that anti-β2 glycoprotein I 
antibody IgA/G/M is a dangerous element for 
venous thrombosis in gestation period, which 
is similar to the results reported in the litera-
ture. (4) Plasma fibrinogen. Increased plasma 
fibrinogen can trigger downstream cascades, 
leading to free-radical chain reactions, result-
ing in overexpression of adhesion molecules20, 
eventually leading to abnormal protein structure 
and function of endothelial cells, accelerating 
vascular disease, thereby damaging vascular 
endothelium and thrombosis, the above factors 
are the central links of the pathophysiology of 
thrombosis during pregnancy.

At present, little is known about the changes of 
anti-β2 glycoprotein I antibody IgA/G/M, platelet 
aggregation rate, plasma fibrinogen, and D-dimer 
in patients with phlebothrombosis in gestation pe-
riod at home and abroad. In this study, the plasma 
anti-β2 glycoprotein I antibody IgA/G/M, platelet 
aggregation rate, plasma fibrinogen, and D-dimer 
levels in patients with thrombus during pregnancy 
and pregnancy thrombosis patients were promi-
nently higher than that in the control group, as well 
as these indicators of late pregnancy is significant-
ly higher than the middle pregnancy. At present, 
although there are many studies on thrombotic 
oxidative stress during pregnancy, studies on an-
ti-β2 glycoprotein I antibody IgA/G/M during 
pregnancy have not been reported.

Conclusions

Anti-β2 glycoprotein I antibody IgA/G/M, 
platelet aggregation rate, plasma fibrinogen, and 
D-dimer are a reliable method for measuring 
thrombosis during pregnancy, which can assess 
the effect of thrombosis and treatment. Therefore, 
The monitoring of anti-β2 glycoprotein I antibody 
IgA/G/M, platelet aggregation rate, plasma fibrin-
ogen and D-dimer in pregnancy thrombosis is a 
warning sign for early detection and thrombosis, 
and it can also through the drug intervention 
to improve disease progression, can help early 
diagnosis of pregnancy thrombosis, but further 
multicenter large sample studies are needed.
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