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Abstract: Objective: This study aimed to investigate the clinical significance of prethrombotic state t-PA, PAl-l, and 
D-dimer data in the diagnosis and treatment of recurrent abortion in pregnant Chinese women. Methods: The terms 
“recurrent spontaneous abortion”, “pregnancy”, “hemodynamics”, “D-Dimer”, “antithrombin”, “tissue plasminogen 
activator”, “plasminogen activator inhibitor-1”, “hematology index”, and “fibrinolysis dynamic” were selected as 
search terms in the PubMed, CNKI, Wangfang Data Journal Resources, and Springer databases. The relevant, ret-
rospective cohort research literature was searched from January 1979 to January 2019. The prethrombotic state 
and hematology index between the recurrent abortion group (RAG) and the non-abortion pregnancy group (NAPG) 
were statistically analyzed and compared. The quality of data was assessed in accordance with the criteria in the 
Cochrane system assessment manual. The results in the retrospective cohort study reports (D-Dimer, AT-III, t-PA, 
PAI-1, F1+2, TAT, and LA) were analyzed with Review Manager (5.1.0). Results: 13 clinical retrospective cohort stud-
ies were ultimately included. The analysis showed that prethrombotic state can be used as a predictor of recurrent 
spontaneous abortion. The mean D-dimer of the pre-thrombotic state-related indicators was compared between the 
recurrent abortion group and the non-abortion pregnancy group (Z = 23.18, 95% CI = 24.21-28.68, P < 0.00001), 
t-PA mean Z = 15.01, 95% CI = 0.04-0.06, P < 0.00001) mean for AT-III (Z = 12.36, 95% CI = 0.03-0.05, P < 
0.00001), mean PAI-1 (Z = 53.07, 95% CI = 26.65-28.69, P < 0.00001), F1+2 mean (Z = 10.30, 95% CI = 26.71-
39.28, P < 0.00001), TAT mean (Z = 136.65, 95% CI = 0.15-0.16, P < 0.0001) and the LA positive rate (Z = 7.47, 
95% CI = 12.33-73.54, P < 0.0001), and the difference is statistically significant, so the above indicators can be 
used as predictors of recurrent spontaneous abortion. Conclusions: Our meta-analysis shows that the determina-
tion of prethrombotic state related indexes can be used as a basis for predicting recurrent spontaneous abortion in 
pregnant Chinese women. It provides a theoretical basis and a foundation for the prevention of recurrent spontane-
ous abortion and related mechanisms.
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Introduction

Recurrent spontaneous abortion (RSA) means 
the loss of pregnancy products or fetuses 
(weight ≤ 500 g) 2 or more times consecutively 
before 20 weeks of pregnancy with the same 
sex partner. It is a common disease in women 
of childbearing age [1]. According to patient 
data from the various regions of China and 
from different classes and different age groups, 
the spontaneous abortion related incidence is 

up to 15%~40% [2]. The incidence of continu-
ous spontaneous abortion 2 or more times is 
higher than 5%. The incidence of continuous 
spontaneous abortion 3 or more times is 
approximately 0.5~3% [3]. Early abortion is usu-
ally defined as an abortion before 12 weeks of 
pregnancy. Late abortion usually means an 
abortion from 12 weeks to less than 28 weeks 
of pregnancy [4]. Primary recurrent abortion 
means that there is no history of full-term live 
birth prior to the recurrent abortion. Secondary 
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recurrent abortion means that there is a labor 
history of full-term live birth prior to recurrent 
abortion [5]. 

The time of pregnancy loss is very important in 
inferring the cause of the disease. Studies have 
shown that patients with pregnancy loss in the 
early stage account for more than 90% of ran-
domly selected patients with recurrent abortion 
[6]. The pathogenesis of recurrent spontaneous 
abortion (RSA) is very complex. The defined 
causes in studies include endocrine disorder, 
chromosome aberration, infection, genitalia de- 
formity, and dysimmunity. However, the causes 
are still unable to be determined in nearly half 
of the RSA patients.

Research scholars have found that RSA is 
closely related to prethrombotic state. There- 
fore, by strengthening the testing of the pre-
thrombotic state, RSA can be screened. Mean- 
while, interventional therapy can be performed 
in advance. Thus, the morbidity of abortion is 
reduced [7]. At present, the medical profession 
has not defined the prethrombotic state related 
test measures of RSA. However, the relevant 
hematology indexes, such as D-dimer, antith- 
rombase-III, tissue plasminogen activator, plas-
minogen activator inhibitor-1, etc., can reflect 
the relevant changes in the coagulation and 
fibrinolysis dynamics. Therefore, the changes in 
above-mentioned measures in patients with 
RSA were analyzed in this paper. The relation-
ship between the level of the hematology index 
and the occurrence of recurrent spontaneous 
abortion was compared. 

PRISMA guidelines were strictly followed in this 
study. 

Materials and methods 

Search strategy

The recurrent abortion and prethrombotic state 
keywords were searched with MeSH, including 
“pregnancy”, “hemodynamics”, “D-Dimer”, “anti- 
thrombin”, “tissue plasminogen activator”, “pl- 
asminogen activator inhibitor-1”, “hematology 
index”, and “fibrinolysis dynamic”. The search 
criteria were suitable for PubMed, CNKI, Wan- 
fang Data Journal Resources, and the Springer 
databases. The preliminary retrieval was re- 
done before the final analysis in order to include 
the most recent studies. All the subjects in the 
included literature were human beings. 

Inclusion criteria

(1) Study type: Retrospective cohort study; (2) 
Experimental group (EG): The number of abor-
tions in patients with recurrent spontaneous 
abortion ≥ 2; (3) Control group (CG): Had no his-
tory of adverse pregnancy and at least one his-
tory of a normal pregnancy; (4) Results: The 
levels of D-dimer, AT-III, t-PA, PAI-1, F1+2, TAT, 
and LA were analyzed in EG and CG.

Exclusion criteria

(1) Non-RCT research. (2) Patients with genetic, 
endocrine, infection, and reproductive anatomi-
cal abnormalities. (3) Patients with non-recur-
rent abortions.

Data extraction and result measurement

The following information was extracted from 
the included retrospective cohort studies: the 
first author, publication year, sample size, 
patient baseline characteristics, control, num-
ber of abortions, hemodynamics, and the 
hematology index. The author was contacted to 
obtain data if necessary. 

The general data in the study were recorded 
using a composite table. Author, publication 
year, country, multicenter or single-center, jour-
nal publications, number of patients in each 
group, study time, and study design were in- 
cluded in the table.

Statistical indexes: D-Dimer, AT-III, t-PA, PAI-1, 
F1+2, TAT, LA.

Results: The levels of D-dimer, AT-III, t-PA, PAI-1, 
F1+2, TAT, and LA were analyzed in EG and CG. 

Quality assessment

Review manual 5.1.0 was selected, including 
RCT deviation risk assessment, to assess the 
specific quality of the ultimately included st- 
udies. Specifically, the 7 assessment criteria 
below were included: (1) Generation of a ran-
dom sequence; (2) Allocation concealment; (3) 
Double blinding between implementer and par-
ticipant; (4) Use of the blind result assessment 
method; (5) Integrity of result data; (6) Select 
report; (7) Other sources of bias. The overall 
potential bias level was summarized with the 
SIGN method (http://www.sign.ac.uk/method-
ology/checklists.html) in each study: The bias 
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judgment was expressed as “Low risk”, “High 
risk”, or “Unclear risk”. All differences were 
resolved by consensus. (1) “A” implied that all 
or most of the quality criteria were met. Im- 
plementation (allowing the assessment of all 
sources of potential bias); (2) “B” indicated that 
certain criteria were met; (3) “C” represented 
little or no sense of satisfaction. In this article, 
“A” implied that the article was evaluated as a 
“High-quality study”. “B” indicated that the arti-
cle was evaluated as a “Medium-quality study”. 

Statistical analysis

All the data were analyzed with Review Manager 
5.1.0. P < 0.05 implied a significant difference. 
The summarized effect was estimated by the 
standard mean deviation (SMD) of the continu-
ous outcomes and 95% confidence interval 
(95% CI). Ratio and 95% CI were used for the 
analysis of dichotomous variables. Hetero- 
geneity was evaluated with χ2 and I2. The fixed 
effect model was used to calculate the non-
significant heterogeneity related data (I2 > 50%, 
P < 0.1). The random effect model (SMD/RR) 
was adopted to calculate the heterogeneous 
data (I2 < 50%, P < 0.1). Funnel plot was intro-
duced to intuitively assess the publication bias. 

Results

Inclusion study

A total of 271 articles were obtained after a 
comprehensive search of the database. This 
was reduced to 133 articles after eliminating 
the duplicate items using EndNote software. 
After reading the title of each article, the retriev-
al was narrowed to 26 articles. After carefully 
studying the full text of each of the 26 articles, 
13 eligible studies were ultimately included 

studies are summarized in Table 1, and togeth-
er they involved a total of 4,714 patients. 

Quality assessment

According to the Cochrane manual 5.1, the 
risks of bias in the study are shown in Table 2. 
These risks were determined using the 7 crite-
ria. The results showed that the study design 
method was reported in most of the studies. 
However, the allocation concealment regimens 
were rarely reported. Detailed blind designs 
were reported in some studies. According to 
the quality assessment, the quality of 4 articles 
was assessed as A, and 9 articles were 
assessed as B (Table 2). 

Sensitivity analysis

The funnel plots with standard error and accu-
racy are symmetrical (Figures 2B, 3B, 4B, 5B, 
6B, 7B, 8B).

13 clinical retrospective studies were ultimate-
ly included. The analysis showed that the pre-
thrombotic state can predict the occurrence of 
recurrent abortion. The comparison of D-dimer, 
AT-III, t-PA, PAI-1, F1+2, TAT, and LA between 
RAG and the normal pregnancy group (NPG) 
showed that I2 was less than 15%. The results 
indicated that the heterogeneity of the index 
was not significant between the two groups. 

The META analysis of the corresponding re-
sults weres as follows

Comparison of D-dimer values between the 
recurrent abortion group and the non-abortion 
pregnancy group: 13 articles describe a com-
parison of the D-Dimer values between recur-
rent abortion and non-abortion pregnancies. 
The D-dimer values were elevated between the 

(Dan Xiao 2016 [8], Hejun Qin 
2010 [9], Jing Pan 2019 [10], 
Jingsong Liu 2013 [11], Lijie 
Song 2013 [12], Liqiong Zhu 
2010 [13], Peiling Zhang 2017 
[14], Qiuran Qian 2015 [15], 
Shihong Cao 2014 [16], Yan 
Tan 2006 [17], Yanli Wang 
2016 [18], Yuxiang Ma 2016 
[19], Zhiyuan Qiu 2019 [20]). 
The relevant literature was 
searched according to the pro-
cess illustrated in Figure 1. 
The characteristics of the 13 

Figure 1. Flow chart of Lit-
erature inclusion.
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Table 1. Data summary

study Dan Xiao 
2016

Hejun Qin 
2010

Jing Pan 
2019

Jingsong 
Liu 2013

Lijie Song 
2013

Liqiong Zhu 
2010

Peiling 
Zhang 
2017

Qiuran Qian 
2015

Shihong 
Cao 2014

Yan Tan 
2006

Yanli Wang 
2016

Yuxiang Ma 
2016

Zhiyuan Qiu 
2019

study 
period

2014-2016 2006-2010 2014-2017 2010-2013 2010-2012 2008-2010 2015-2017 2012-2015 2011-2014 2005-2006 2013-2016 2015-2016 2016-2019

country China China China China China China China China China China China China China

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

single  
centered

Study 
design

Retrospec-
tive cohort 

study

Retrospec-
tive cohort 

study

Retrospective 
cohort study

Retrospec-
tive cohort 

study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospec-
tive cohort 

study

Retrospective 
cohort study

Retrospec-
tive cohort 

study

Retrospec-
tive cohort 

study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

case 108 56 32 50 512 103 30 60 86 85 80 90 32

control 100 89 50 30 230 40 30 60 176 60 86 50 32

D-mime case 145±32 135±49 156±22 201±54 142±11 184±36 164±25 185±52 159±20 169±21 161±37 145±32 135±49

control 130±21 116±26 124±19 155±42 127±29 125±26 112±21 124±31 151±23 112±19 122±35 121±37 168±37

AT-III case 0.24±0.04 0.47±0.09 0.62±0.12 0.66±0.12 0.75±0.06 0.74±0.08 0.36±0.1 0.33±0.12 0.35±0.13 0.39±0.08 0.42±0.14

control 0.28±0.05 0.51±0.12 0.67±0.18 0.72±0.13 0.79±0.04 0.78±0.12 0.38±0.11 0.39±0.16 0.39±0.21 0.42±0.03 0.48±0.08

t-PA case 0.54±0.05 0.72±0.23 0.66±0.15 0.68±0.21 0.86±0.31 0.60±0.26 0.62±0.33 0.49±0.16 0.66±0.06 0.77±0.29 0.32±0.21 0.57±0.17 0.91±0.36

control 0.69±0.12 0.58±0.47 0.81±0.12 0.74±0.28 0.79±0.21 0.74±0.48 0.76±0.32 0.26±0.19 0.75±0.07 0.48±0.31 0.56±0.33 0.63±0.25 0.64±0.42

PAI-1 case 49.49±0.81 64.14±6.43 53.25±4.69 17.69±8.42 70.56±4.68 15.98±10.4 68.68±5.63 35.63±11.82 35.90±4.08 49.45±9.06 57.65±3.75 37.58±3.27 22.38±3.12

control 22.47±0.82 32.56±5.21 48.36±3.26 22.34±5.61 36.23±3.67 13.68±8.96 44.75±6.38 29.67±8.96 21.57±3.12 26.58±2.47 34.63±2.65 30.68±2.51 20.42±2.98

F1+2 case / 133.8±29.6 139.35±33.09 143.8±39.4 152.31±41.63 141.32±38.96 165±40.36 140.2±31.3 168.6±28.9 159.6±43.6 152.37±25.60 132.56±31.06 142.56±35.98

control / 36.9±8.9 34.21±8.65 46.2±15.6 68.43±20.56 39.46±12.89 45.6±9.68 41.3±10.2 48.5±16.2 46.3±20.3 44.56±8.96 52.26±11.61 46.36±13.59

TAT case 0.49±0.21 0.46±0.19 0.56±0.17 0.48±0.18 0.47±0.18 0.46±0.21 0.51±0.16 0.45±0.12 / / 0.48±0.25 0.40±0.19 0.45±0.16

control 0.32±0.11 0.30±0.14 0.35±0.09 0.33±0.12 0.36±0.12 0.31±0.15 0.39±0.22 0.32±0.10 / / 0.32±0.10 0.33±0.21 0.30±0.14

LA case / / 1.11±0.15 1.04±0.1 / / 1.09±0.07 / / / / / /

control 1.02±0.12 0.98±0.09 / / 1.06±0.13 / / / / / /



A meta analysis of the clinical significance of prethrombotic state

13234 Int J Clin Exp Med 2019;12(12):13230-13243

recurrent abortion group and the non-abortion 
pregnancy group. The heterogeneity test re- 
sults were (Chi squared = 261.30.11, P < 
0.00001, I2 = 5%), so the 95% CI was used. The 
results showed that the D-dimer value of the 
recurrent abortion group was higher than the 
value of the non-abortion pregnancy group (Z = 
23.18, P < 0.00001), as shown in (Figure 2A, 
2B).

Comparison of t-PA values between the recur-
rent abortion group and the non-abortion preg-
nancy group: 10 articles describe comparisons 
of the t-PA values between recurrent abortion 
and non-abortion pregnancies. The t-PA value 
was increased between the recurrent abortion 
group and the non-abortion pregnancy gro- 
up. The heterogeneity test results were (Chi 
squared = 8.84, P < 0.00001, I2 = 3%), so the 
95% CI was used. The results showed that the 
t-PA value of the recurrent spontaneous abor-
tion group was higher than the value of the 
non-abortion pregnancy group (Z = 15.01, 95% 
CI = 0.04-0.06), as shown in (Figure 3A, 3B).

Comparison of the AT-III values between the 
recurrent abortion group and the non-abortion 
pregnancy group: 13 articles describe the 
comparison of the AT-III values between recur-
rent abortion and non-abortion pregnancies. 
The AT-III value was increased between the 
recurrent abortion group and the non-abortion 
pregnancy group. The heterogeneity test 
results were (chi-squared = 20.44, P < 
0.00001, I2 = 6%), so the 95% CI was used. The 
results showed that the AT-III value of the recur-

rent spontaneous abortion group was higher 
than the value of the non-abortion pregnancy 
group (Z = 12.36, 95% CI = 0.04-0.06), as 
shown in (Figure 4A, 4B).

Comparison of the PAI-1 values between the 
recurrent abortion group and the non-abortion 
pregnancy group: 13 articles describe compar-
isons of the PAI-1 values between recurrent 
abortion group and the non-abortion pregnancy 
group. The PAI-1 value was increased between 
the recurrent abortion group and the non-abor-
tion pregnancy group. The heterogeneity test 
results were (chi-squared = 1765.24, P < 
0.00001, I2 = 2%), so the 95% CI was used. The 
results showed that the PAI-1 value in the recur-
rent spontaneous abortion group was higher 
than it was in the non-abortion pregnancy 
group (Z = 53.07, 95% CI = 26.65-28.69), as 
shown in (Figure 5A, 5B).

Comparison of the F1+2 values between the 
recurrent abortion group and the non-abortion 
pregnancy group: 13 articles describe compar-
isons of the F1+2 values between the recurrent 
abortion group and the non-abortion pregnancy 
group. The F1+2 value was increased between 
the recurrent abortion group and the non-abor-
tion pregnancy group. The heterogeneity test 
results were (chi-squared = 578.67, P < 
0.00001, I2 = 8%), so the 95% CI was used. The 
results showed that the F1+2 value of the recur-
rent abortion group was higher than the value 
of the non-abortion pregnancy group (Z = 
10.30, 95% CI = 26.71-39.28), as shown in 
(Figure 6A, 6B).

Table 2. Quality evaluation of the 13 studies and evaluations

Study
Random 

sequence 
generation

Distribution 
of hidden

Blinded for the 
object of study or 

intervention

Blinded for 
the outcome 

measure

Incomplete 
data report

Select 
the report

Other 
sources 
of bias

The 
quality of 
evidence

Dan Xiao 2016 High High High Low Low Low Low B
Hejun Qin 2010 Low Low High Low Low Low Low B
Jing Pan 2019 High High High Low Low Low Low B
Jingsong Liu 2013 Low Low Low Low Low Low Low A
Lijie Song 2013 High High High Low Low Low Low B
Liqiong Zhu 2010 High High High Low Low Low Low B
Peiling Zhang 2017 High High Low Low Low Low Low B
Qiuran Qian 2015 High Low High Low Low Low Low B
Shihong Cao 2014 High High High Low Low Low Low A
Yan Tan 2006 High Low High Low Low Low Low B
Yanli Wang 2016 High High High Low Low Low Low A
Yuxiang Ma 2016 Low High High Low Low Low Low B
Zhiyuan Qiu 2019 High High High Low Low Low Low A
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Comparison of TAT between the recurrent abor-
tion group and the non-abortion pregnancy 
group: 13 articles describe comparisons of the 
TAT values between the recurrent abortion 
group and the non-abortion pregnancy group. 
The TAT value increased between the recurrent 
abortion group and the non-abortion pregnancy 
group. The heterogeneity test results were (chi-
squared = 406.27, P < 0.00001, I2 = 8%), so 
the 95% CI was used. The results showed that 
the TAT value in the recurrent spontaneous 

abortion group was higher than it was in the 
non-abortion pregnancy group (Z = 136.65, 
95% CI = 0.15-0.16), as shown in (Figure 7A, 
7B).

Comparison of the LA positive rate between 
the recurrent abortion group and the non-abor-
tion pregnancy group: 3 articles describe com-
parisons of the LA positive rates between 
recurrent abortion and non-abortion pregnan-
cy. The positive rate of LA was increased 

Figure 2. A. D-Dime between recurrent abortion group and normal pregnancy group (Forest plot); B. D-Dime between 
recurrent abortion group and normal pregnancy group (Funnel plot).
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between the recurrent abortion group and the 
non-abortion pregnancy group. The heteroge-
neity test results were (chi-squared = 0.14, P < 
0.00001, I2 = 0%), so the 95% CI was used. The 
results showed that the positive rate of LA in 
the recurrent abortion group was higher than it 
was in the non-abortion pregnancy group (Z = 
7.47, 95% CI = 12.33-73.54), as shown in 
(Figure 8A, 8B).

Publication bias

There was no publication bias in any of the ran-
domized controlled studies and the P value was 
greater than 0.05. 

Discussion

At present, relevant studies have found that the 
prethrombotic state is already present in most 
abortions [21, 22]. Therefore, a timely interven-
tion for the pre-thrombotic state of pregnant 
women is particularly important. 

D-dimer is a common marker of the blood 
hypercoagulable state. In a retrospective study, 
Welles pointed out that D-Dimer showed a sign 
of an increase in the prethrombotic state in the 
pregnancy group compared with the non-preg-
nancy group. It can be used as an indicator for 
a test of the prethrombotic state [23]. A clinical 

Figure 3. A. t-PA between recurrent abortion group and normal pregnancy group (Forest plot); B. t-PA between recur-
rent abortion group and normal pregnancy group (Funnel plot).
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study by Wolters has shown that the D-Dimer in 
the normal fertility group was higher than it was 
in the abortion group [24]. The study result in 
this paper (Z = 23.18, 95% CI = 24.21-28.68, P 
< 0.00001) indicated that D-Dimer in RAG in- 
creased remarkably compared to the normal 
fertility group. The result was consistent with 
that in the study by Welles. The reason is con-
sidered to be that the blood system of pregnant 
women is hypercoagulable during the last 
weeks of pregnancy. Therefore, it is higher than 
that in some of the abortion women. As the 
blood hypercoagulable state in RAG was more 

serious than it was in NPG, the increase in 
D-Dimer was more obvious. 

AT-III

AT-III is an important physiological substance to 
maintain a blood coagulation balance and pre-
vent thrombosis in the coagulation system. 
Recently, the study by Uetstka showed that the 
thrombophilia caused by AT-III deficiency is 
related to e adverse pregnancy [25]. The study 
by Tschoepe found that there is no significant 
change in the activity of AT-III during pregnancy. 
However, the risk of abortion in some pregnant 

Figure 4. A. AT-III between recurrent abortion group and normal pregnancy group (Forest plot); B. AT-III between 
recurrent abortion group and normal pregnancy group (Funnel plot).
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women with AT-III deficiency is higher than it is 
in normal pregnant women. The likelihood of 
stillbirth has increased fivefold [26]. This meta-
analysis showed that the AT-III (Z = 12.36, 95% 
CI = 0.03-0.05, P < 0.00001) in RAG was lower 
than it was in NPG. The result is similar to ab- 
ove-mentioned study result. Therefore, the loss 
of AT-III can lead to the destruction of the blood 
coagulation balance and hypercoagulability in 
the body. 

t-PA

Tissue plasminogen activator (t-PA) is an impor-
tant regulator of the fibrinolysis system [27]. It 

can activate the plasminogen and convert it 
into plasmin. Thus, the thrombus is dissolved 
[28]. In a relevant study, Song found that the 
levels of t-PA and PAI-1 in the healthy control 
group were dramatically lower than the levels in 
the recurrent spontaneous abortion group [29]. 
In a report, Podorolskaya pointed out that the 
higher the number of abortion was, the higher 
the levels of t-PA and PAI-1 were [30]. Medic-
Stojanoska also posited that t-PA can be used 
as a screening index for patients with recurrent 
abortion [31]. The meta-analysis showed that 
t-PA (Z = 15.01, 95% CI = 0.04-0.06, P < 
0.00001) in RAG significantly increased com-

Figure 5. A. PAI-1 between recurrent abortion group and normal pregnancy group (Forest plot); B. PAI-1 between 
recurrent abortion group and normal pregnancy group (Funnel plot).
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pared to NPG. The reason may be that recur-
rent abortion leads to the injury of vascular 
endothelial cells and an increase in the t-PA 
release level. Thus, this causes a disorder of is 
fibrinolytic system. 

PAI-1

PAI-1 is an important regulator of the fibrinoly-
sis system [32]. After specific binding to t-PA, 
the activation of fibrinogen is inhibited. Thus, 
this causes thrombosis [33]. In a relevant study, 
Sun believed that the PAI-1 gene polymorphism 
is an important factor in the occurrence of 

recurrent abortion. Sun also considered that 
the Mexican ACE I/D gene is a genotype prone 
to recurrent abortion [34]. In a study, Matuskova 
suggested that the ACE I/DD genotype is a gen-
otype prone to recurrent abortion. Matuskova 
also considered that the PAI-14G/4G gene poly-
morphism may be the cause of thrombophilia 
[35]. The PAI-1 gene polymorphism varies in 
different regions. In this study, regarding PAI-1 
(Z = 53.07, 95% CI = 26.65-28.69, P < 
0.00001), it was not observed that gene poly-
morphism can increase the incidence of recur-
rent abortion. 

Figure 6. A. F1+2 between recurrent abortion group and normal pregnancy group (Forest plot); B. F1+2 between 
recurrent abortion group and normal pregnancy group (Funnel plot).
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F1+2

Prothrombin fragment PF1+2 (F1+2) is involved 
in the production of thromboplastin. It plays an 
important role in the coagulation system [36]. 
In a clinical randomized controlled trial, Ignat’ev 
pointed out that the increase of F1+2 level can 
provide an early indication of the blood hyper-
coagulable state in pregnant women [37]. In a 
clinical study involving 238 subjects, Girolami 
pointed out that F1+2 is a sensitive early molec-
ular marker in the hypercoagulable state in 

body. It can be used as a marker of the pre-
thrombotic state [38]. The results in this study 
indicated that the F1+2 (Z = 10.30, 95% CI = 
26.71-39.28, P < 0.00001) in RAG was remark-
ably increased compared with that in NPG. It 
can be used as a predictor of recurrent 
abortion. 

TAT

Thrombin-antithrombin complex (TAT) is a sen-
sitive indicator reflecting the formation of 

Figure 7. A. TAT between recurrent abortion group and normal pregnancy group (Forest plot); B. TAT between recur-
rent abortion group and normal pregnancy group (Funnel plot).
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thrombin [38]. In a clinical study, Girleanu found 
that the TAT level in recurrent abortion women 
was higher than it is in normal pregnant women 
[39]. The meta-analysis indicated that the TAT 
level in pregnant women with recurrent abor-
tion was higher than the level in normal early 
pregnant women. The result (Z = 136.65, 95% 
CI = 0.15-0.16, P < 0.0001) was consistent 
with the above-mentioned study result. The 
reason may be that the coagulation system in 
pregnant women with recurrent abortion is 
destroyed. The generation of early thrombin  
is increased. Thus, a hypercoagulable state is 
caused. 

Lupus anticoaglant (LA) 

Lupus anticoagulant is an autoantibody. At 
present, a relevant study has found that LA is 

related to the occurrence of multiple clinical 
thrombotic diseases [40]. A study by Cui con-
siders that the increase of LA can be an impor-
tant risk factor of habitual abortion [41]. A study 
by Nagayoshi of 263 women with recurrent 
abortion found that the positive rate of LA is up 
to 17.9% [42]. The meta-analysis showed that 
there was no significant difference in the LA 
positive rate (Z = 7.47, 95% CI = 12.33-73.54, P 
< 0.0001) between RAG and NPG. The reason 
may be that most of the patients with recurrent 
abortion suffer from coagulation dysfunction. 
There is little difference in correlation with the 
immune system. To further draw a correct con-
clusion, further, large-sample clinical random-
ized controlled studies are needed. 

In summary, the prethrombotic state can indi-
cate the occurrence of recurrent abortion. It is 

Figure 8. A. LA between recurrent abortion group and normal pregnancy group (Forest plot); B. LA between recurrent 
abortion group and normal pregnancy group (Funnel plot).
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recommended that obstetricians and gynecolo-
gists actively give treatment when they find  
the existence of recurrent abortion in patients. 
Thus, abortion is prevented and safe preg- 
nancy is ensured. Due to the limitations of 
study content in the meta-analysis, it is difficult 
to perform a clinical randomized controlled 
study. Therefore, some deviations may exist in 
the clinical retrospective analysis of the rele-
vant designs in this paper. In addition, a meta-
analysis on D-Dimer, AT-III, t-PA and PAI-1 alone 
is only performed in this paper. The results  
may be somewhat biased. A combined meta-
analysis on multiple indexes can be carried  
out. Thus, the accuracy of the conclusion is 
improved. 

Acknowledgements

This research received no specific grant from 
any funding agency in the public, commercial, 
or not-for-profit sectors.

Disclosure of conflict of interest

None.

Address correspondence to: Xiufeng Huang, De- 
partment of Gynaecology, Women’s Hospital, School 
of Medicine, Zhejiang University, Zhejiang, PR China. 
Tel: +86-13867477997; E-mail: huangxiufeng@zju.
edu.cn

References

[1] Aboukhoudir F, Aboukhoudir I and Rekik S. Pre-
thrombus acute constitution during dobuta-
mine stress echocardiography. Ann Cardiol 
Angeiol (Paris) 2016; 65: 352-354.

[2] Sixma JJ. The prethrombotic state. Br J Haema-
tol 1980; 46: 515-522.

[3] Vossen CY, Hasstedt SJ, Rosendaal FR, Callas 
PW, Bauer KA, Broze GJ, Hoogendoorn H, Long 
GL, Scott BT and Bovill EG. Heritability of plas-
ma concentrations of clotting factors and mea-
sures of a prethrombotic state in a protein C-
deficient family. J Thromb Haemost 2004; 2: 
242-247.

[4] Wang Y, Sun N, Cheng Z and Tong LJ. Optimal 
time to use low molecular weight heparin on 
prethrombotic state of rat chronic obstructive 
pulmonary disease model. Chin Med J (Engl) 
2014; 127: 518-521.

[5] Zheng H, Ma HP, Chen L, Zhan HT and Guo H. 
Prethrombotic state and cardiac events in pa-
tients with coronary heart disease during non-
cardiac surgery. Clin Appl Thromb Hemost 
2014; 20: 84-90.

[6] van Gorp EC, Brandjes DP and ten Cate JW. Ra-
tional antithrombotic therapy and prophylaxis 
in elderly, immobile patients. Drugs Aging 
1998; 13: 145-57.

[7] Ye LL, Xia SQ, Zhang DT and Chen L. Dynamic 
change of plasma prethrombotic state molecu-
lar marker levels in perioperative period of pa-
tients and its clinical significance. Zhongguo 
Shi Yan Xue Ye Xue Za Zhi 2008; 16: 1177-
1180.

[8] Lu X, Liu Z, Zhang X, Kang X, Shen W and Zhao 
A. Prothrombotic state of patients with unex-
plained recurrent spontaneous abortion. Int J 
Gynaecol Obstet 2015; 131: 161-165.

[9] Christiansen OB. Intravenous immunoglobulin 
in the prevention of recurrent spontaneous 
abortion: the European experience. Am J Re-
prod Immunol 2011; 39: 77-81.

[10] Xie M and Wang Z. Prethrombotic state in pa-
tients with chronic obstructive pulmonary dis-
ease and treatment with heparin. Hua Xi Yi Ke 
Da Xue Xue Bao 1998; 29: 411-4.

[11] Wang HL. Prethrombotic state in burn patients. 
Zhonghua Zheng Xing Shao Shang Wai Ke Za 
Zhi 1993; 9: 441-6.

[12] Vreeken J, Van der Meer J, Fedder G, Van Aken 
WG and Goote TM. Chronic fibrinaemia as an 
indicator of a “Prethrombotic State”. Neth J 
Med 1974; 17: 121-130.

[13] Von KR, Wuillemin WA, Furlan M and Lämmle 
B. Factor XII clotting activity and antigen levels 
in patients with thromboembolic disease. 
Blood Coagul Fibrinolysis 1992; 3: 555-561.

[14] Vorster HH, Cummings JH and Veldman FJ. Diet 
and haemostasis: time for nutrition science to 
get more involved. Br J Nutr 1997; 77: 671-
684.

[15] Weilerguettler H, Christie PD, Beeler DL, Healy 
AM, Hancock WW, Rayburn H, Edelberg JM and 
Rosenberg RD. A targeted point mutation in 
thrombomodulin generates viable mice with a 
prethrombotic state. J Clin Invest 1998; 101: 
1983-1991.

[16] Xu K, Pan X and Liu Y. Study on prethrombotic 
state in patients with paroxysmal nocturnal he-
moglobinuria. Zhonghua Xue Ye Xue Za Zhi 
1997; 18: 525-8.

[17] Zbinden G and Grimm L. Thrombogenic effects 
of xenobiotics. Arch Toxicol Suppl 1985; 8: 
131-141.

[18] Welles EG, Bourne C, Tyler JW and Boudreaux 
MK. Detection of activated feline platelets in 
platelet-rich plasma by use of fluorescein-la-
beled antibodies and flow cytometry. Vet 
Pathol 1994; 31: 553-560.

[19] Tymiñski W. Blood hypercoagulability (attempt-
ed classification of pre-thrombotic states). 
Wiad Lek 1973; 26: 423-426.

[20] Tschöpe D, Rösen P, Schwippert B, Kehrel B, 
Schauseil S, Esser J and Gries FA. Platelet 

mailto:huangxiufeng@zju.edu.cn
mailto:huangxiufeng@zju.edu.cn


A meta analysis of the clinical significance of prethrombotic state

13243 Int J Clin Exp Med 2019;12(12):13230-13243

analysis using flowcytometric procedures. 
Platelets 1990; 1: 127-133.

[21] Nieuwenhuizen RC, Peters M, Lubbers LJ, Trip 
MD, Tijssen JG and Mulder BJ. Abnormalities in 
liver function and coagulation profile following 
the Fontan procedure. Heart 1999; 82: 40-46.

[22] Weiler-Guettler H, Christie PD, Beeler DL, Healy 
AM, Hancock WW, Rayburn H, Edelberg JM and 
Rosenberg RD. A targeted point mutation in 
thrombomodulin generates viable mice with a 
prethrombotic state. J Clin Invest 1998; 101: 
1983-1991.

[23] Welles EG, Bourne C, Tyler JW and Boudreaux 
MK. Detection of activated feline platelets in 
platelet-rich plasma by use of fluorescein-la-
beled antibodies and flow cytometry. Vet 
Pathol 1994; 31: 553-560.

[24] Wolters HJ, ten Cate H, Thomas LL, Brandjes 
DP, van der Ende A, van der Heiden Y and Sta-
tius van Eps LW. Low-intensity oral anticoagu-
lation in sickle-cell disease reverses the pre-
thrombotic state: promises for treatment? Br J 
Haematol 1995; 90: 715-717.

[25] Uetsuka Y. Is atrial fibrillation a pre-thrombotic 
state? Rinsho Byori 2015; 63: 1427.

[26] Tschoepe D, Roesen P, Schwippert B and Gries 
FA. Platelets in diabetes: the role in the hemo-
static regulation in atherosclerosis. Semin 
Thromb Hemost 1993; 19: 122-128.

[27] Syed MI, Gallagher RM, Ahmed RS, Shaikh A, 
Roberto E and Patel S. B t-PA power-pulse 
spray with rheolytic mechanical thrombectomy 
using cross-sectional image-guided portal vein 
access for single setting treatment of subacute 
superior mesenteric vein thrombosis. Indian J 
Radiol Imaging 2018; 28: 93-98.

[28] Slaughter TF, Faghih F, Greenberg CS, Leslie JB 
and Sladen RN. The effects of epsilon-amino-
caproic acid on fibrinolysis and thrombin gen-
eration during cardiac surgery. Anesth Analg 
1997; 85: 1221-1226.

[29] Song YJ, Zhou ZH, Liu YK, Rao SM and Huang 
YJ. Prothrombotic state in senile patients with 
acute exacerbations of chronic obstructive pul-
monary disease combined with respiratory fail-
ure. Exp Ther Med 2013; 5: 1184-1188.

[30] Podorolskaya LV, Serebryakova TN, Andreenko 
GV and Raevskaya AK. Effect of thymoptin on 
hemostasis and fibrinolysis in rats with experi-
mental nephritis. Bull Exp Biol Med 2008; 146: 
4-8.

[31] Medic-Stojanoska M, Mitic G, Mitic I, Spasic 
DT, Curic N, Pekic S, Kovacev-Zavisic B and 
Popovic V. The influence of hyperprolactinemia 
on coagulation parameters in females with 
prolactinomas. Srp Arh Celok Lek 2014; 142: 
314-319.

[32] Pastorova VE, Lyapina LA and Ashmarin IP. Pre-
vention of thrombus formation with glyprolines 
on various models of prethrombotic state and 
thrombosis in rats. Bull Exp Biol Med 2003; 
136: 319-322.

[33] Seyfert UT, Hauck W, Kirsch J, Kiesewetter H, 
Albert FW and Wenzel E. Contributions to 
biorheology during hemodialysis. Biorheology 
1991; 28: 473-481.

[34] Sun YH, Cui L, Chen J, Wang M, Liu JJ, Liu XX 
and Huang XE. Analysis of relationships be-
tween prethrombotic states and cervical can-
cer. Asian Pac J Cancer Prev 2015; 16: 6163-
6166.

[35] Matuskova V, Vyslouzilova D and Vlkova E. 
Contraception and ocular thromboembolic epi-
sodes - a case report. Cesk Slov Oftalmol 
2013; 69: 87-90.

[36] Hobbelt AH, Spronk HM, Crijns H, Ten Cate H, 
Rienstra M and Van Gelder IC. Prethrombotic 
State in young very low-risk patients with atrial 
fibrillation. J Am Coll Cardiol 2017; 69: 1990-
1992.

[37] Ignat’ev IM, Zubarev AR, Gradusov EG, Iupatov 
EI and Krivosheeva NV. Method of preventive 
ultrasound diagnosis of venous thrombosis. 
Angiol Sosud Khir 2017; 23: 35-42.

[38] Girolami A, Cosi E, Ferrari S, Lombardi AM and 
Girolami B. Prethrombotic, prothrombotic, 
thrombophilic states, hypercoagulable state, 
thrombophilia etc.: semantics should be re-
spected even in medical papers. J Thromb 
Thrombolysis 2017; 43: 390-393.

[39] Girleanu I, Trifan A, Cojocariu C, Dimache M, 
Singeap AM, Stoica O, Sfarti C and Stanciu C. 
Platelet indices in patients with de novo portal 
vein thrombosis and liver cirrhosis. Rev Med 
Chir Soc Med Nat Iasi 2013; 117: 641-647.

[40] Ertenli I, Kiraz S, Celik IC, Haznedaroglu C, Er-
man M, Calguneri M and Kirazli S. Changes in 
the concentration and distribution of tissue 
factor pathway inhibitor in Behcet’s disease 
and systemic lupus erythematosus: effect on 
the prethrombotic state. Ann Rheum Dis 2001; 
60: 1149-1151.

[41] Cui L, Sun YH, Chen J, Wang L, Liu JJ, Zhou XR, 
Ding J, Liu XX and Huang XE. Analysis of pre-
thrombotic states in patients with malignant 
tumors. Asian Pac J Cancer Prev 2015; 16: 
5477-5482.

[42] Fuki VB, Kozlova AI and Glushkova NA. On the 
laboratory diagnosis of prethrombotic states in 
the clinical aspects of internal diseases. Lab 
Delo 1965; 12: 699-704.


