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Abstract: Objective: To illustrate the significance of combined detection of anti cardiolipin (ACL) and anti-β2-
glycoprotein 1 (β2-GP1) in the diagnosis of adverse pregnancy. Methods: 60 postnatal women with adverse preg-
nancy presented to our hospital from March 2019 to March 2020 were enrolled as the experimental group, and 
60 postnatal women with normal delivery in the same period were selected as the control group. The levels of ACL, 
β2-GP1 were measured to analyze the significance of the integrated detection in the diagnosis of adverse preg-
nancy. Results: No obvious differences were observed in mean age, mean gestational week, mean height, number 
of cases of primigravida and multiparous women, educational background, place of residence between two groups 
(P > 0.05). The number of cases of positive β2-GP1-IgG and β2-GP1-IgM tests in experimental group were remark-
ably higher (P < 0.05). The number of β2-GP1-IgA positive cases in the two kinds of parturients was not notably 
different (P > 0.05). The ACL of the experimental parturients had a notably higher number of β2-GP1-positive cases 
(P < 0.001), and the combined positive cases of the experimental parturients had notably higher serum BPA and 
resistin levels (P < 0.001). The incidence of fetal growth restriction, premature delivery and placental abruption 
of experimental group were higher than those of control group (P < 0.05). There was no stillbirth in both groups. 
Conclusions: The positive expression of ACL with β2-GP1 is the culprit of adverse pregnancy, and the combined 
diagnosis can greatly improve the clinical screening rate of adverse pregnancy and provide more evidence for sub-
sequent treatment.
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Introduction

Adverse pregnancy is a common obstetrics and 
gynecology disease. Early prediction of adverse 
pregnancy and targeted treatment play a sig-
nificant role in pregnancy outcome [1, 2]. Most 
parturients show no obvious symptoms after 
adverse pregnancy, so it is challenged to imple-
ment relevant clinical diagnosis. It is document-
ed that anti cardiolipin (ACL)  can be used in 
auxiliary diagnosis of habitual abortion, throm-
bocytopenia, thrombosis and lupus encepha-
lopathy [3]. Anti-β2-glycoprotein 1 (β2-GP1) is a 
single-chain glycoprotein, which is expressed 
at a high level in the thrombosis process. 
Existing evidence revealed that β2-GP1 in the 
uterus of parturient inhibited platelet prothrom-
bin activity in the thrombosis process in the 
uterus [4-6]. Therefore, substantial differences 
were noted in the expression of ACL and β2-GP1 

between normal parturients and poor pregnant 
parturients. On account of this, we thus hypoth-
esized that the detection of the above indexes 
can provide reliable basis for the prediction of 
pregnancy outcome and the formulation of clini-
cal treatment plan.

Data and methods

General data

60 puerpera with adverse pregnancy were 
assigned to experimental group, and other 60 
normal cases  as control group.

Inclusion criteria

(1) All patients involved met diagnostic criteria 
for adverse pregnancy [7]. (2) Patients with nor-
mal coagulation function and no other major 
diseases. (3) The study was approved by the 
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hospital ethics committee, and the parturient 
and their families signed informed consent.

Exclusion criteria

(1) Patients with other gynecological diseases. 
(2) Patients with systemic infection or endo-
crine diseases. (3) Patients with mental and 
other cognitive disorders or reject to communi-
cate or cooperate with researchers.

Methods

5 ml fasting venous blood was drawn from all 
subjects after admission, and the upper serum 
was taken after centrifugation, and placed in a 
freezer at -25°C for storage [8]. Serum samples 
were collected during detection and thawed at 
room temperature, and the maternal serum 
samples were stabilized in 19-24°C. ACL-IgG, 
ACL-IgM, ACL-IgA, β2-GP1-IgG, β2-GP1-IgM, 
β2-GP1-IgA were all purchased from Wuhan 
Diane Biotechnology Co., Ltd., and detected by 
SpectraMax iD5-multifunctional enzyme label-
ing instrument (manufacturer: Meigu Molecular 
Instrument Co., Ltd.). The specific operations 
are as follows. Serum samples were selected, 
1:200% dilution, 10-fold concentration, fully 
mixed before use, a clean straw was used to 
take the enzyme conjugate for 1:10 buffer dilu-
tion, and then the diluted enzyme conjugate 
was used within 3 hours, the buffer was applied 
for cleaning, after 10 times concentration treat-
ment, a clean straw was used to take the buffer 
and distilled water for 1:10 dilution treatment, 
and the temperature of the diluted buffer was 
controlled, usually at 3-8°C [9]. 100 L of posi-
tive control, negative control, standard and 
diluted samples were added into the corre-
sponding micropores respectively, and cultured 
at room temperature for 30 min. After washing 
operation, the enzyme conjugate was incubat-
ed. The operation and treatment time were the 
same as above. The plate washing treatment 
was carried out again. After that, 100 L of sub-
strate was taken for micropore incubation for 
15 min. Finally, termination solution was added 
to all micropores for colorimetric treatment 
[10]. The test results were calculated accord- 
ing to the relevant provisions in the kit 
instructions. 

Outcome measures

ELISA was used to determine ACL-IgG, ACL-IgM, 
ACL-IgA, β2-GP1-IgG, β2-GP1-IgM, β2-GP1-IgA, 

and positive rates of the above were compared. 
The kit was purchased from Shanghai Jingkang 
Bioengineering Co., Ltd.

3 ml fasting venous blood was collected at the 
time of admission. After centrifugation, the 
upper serum was taken and the serum resistin 
level was determined by ELISA. The kit was pur-
chased from Shanghai Jinma Experimental 
Equipment Co., Ltd. The level of serum bispknol 
(BPA) was determined by enzyme labeling 
instrument.

Statistical analysis

SPSS 21.0 and GraphPad Prism 7 (GraphPad 
Software, San Diego, USA) were used to ana-
lyze the data and plot the graphics, respective-
ly. Quantitative data were expressed as (

_
x  ± s), 

and t-test was performed, and counting data 
were described as n (%), and Chi-square χ2 was 
carried out. Significance was claimed at a P 
value of less than 0.05.

Results

Comparison of clinical data 

No notable difference in baseline information 
in the two groups (P > 0.05, Table 1).

Detection results of serum ACL and β2-GP1

For two groups, notable difference was per-
ceived in ACL-IgG and ACL-IgM, and no remark-
able difference was detected in ACL-IgA (P > 
0.05, Table 2).

The number of positive cases of β2-GP1-IgG 
and β2-GP1-IgM in experimental group was 
notably higher (P < 0.05), and no notable differ-
ence in the number of positive cases of β2-GP1-
IgA was obtained in the two groups (P > 0.05, 
Table 2).

Combined detection of ACL and β2-GP1

Positive cases of ACL and β2-GP1 in experi-
mental group was notably higher (P < 0.05), 
which exhibited a higher positive rate of com-
bined detection (P < 0.05, Table 3).

BPA levels

BPA level of experimental group was notably 
higher compared to the control group (P < 0.05, 
Figure 1A).
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Table 1. Comparison of clinical data
Category Experimental group (n=60) Control group (n=60) χ2/t P
Average age (year old) 26.24±3.06 26.27±3.09 0.053 0.958
BMI (kg/m2) 22.17±0.95 22.19±0.92 0.117 0.907
Mean gestational weeks (week) 38.22±1.34 38.25±1.38 0.121 0.904
Average height (cm) 163.18±3.26 163.22±3.28 0.067 0.947
Primipara 38 (63.33%) 36 (60.00) 0.141 0.707
Menstrual parturient 22 (36.67%) 24 (40.00)
Abortion history 0.048 0.827
    Yes 14 (23.33%) 13 (21.67%)
    No 46 (76.67%) 47 (78.33%)
Education level
    University 31 (51.67%) 29 (48.33%) 0.133 0.715
    Secondary school 24 (40.00%) 22 (36.67%) 0.141 0.707
    Primary school 5 (8.33%) 9 (15.00%) 1.294 0.255
Residence 0.034 0.854
    Town 34 (56.67%) 33 (55.00%)
    Rural areas 26 (43.33%) 27 (45.00%)

Table 2. Comparison of positive rates of ACL and β2-GP1 [n (%)]

Group Experimental 
group (n=60)

Control group 
(n=60) χ2 P

ACL
    ACL-IgG 16 (26.67) 4 (6.67) 8.64 0.003
    ACL-IgM 12 (20.00) 1 (1.67) 10.439 0.001
    ACL-IgA 5 (8.33) 0 (0.00) 3.077 0.079
β2-GP1
    β2-GP1-IgG 13 (21.67) 2 (3.33) 9.219 0.002
    β2-GP1-IgM 8 (13.33) 0 (0.00) 8.571 0.003
    β2-GP1-IgA 3 (5.00) 0 (0.00) 0.152 0.697

Table 3. Comparison of positive rates of ACL, β2-GP1 and  combined 
detection of ACL and β2-GP1 [n (%)]

Group n positive for 
ACL

positive for 
β2-GP1

positive for comparison 
of joint test

Experimental group 60 30 (50.00) 26 (43.33) 23 (38.33)
Control group 60 5 (8.33) 4 (6.67)  3 (5.00)
X2 25.210 21.511 25.400
P 0.003 0.001 0.002

Comparison of serum resistin levels 

Regarding resistin level, the experimental 
group gained a notably higher level (P < 0.05, 
Figure 1B).

Comparison of perinatal outcomes between 
the two groups

The incidence of fetal growth restriction, pre-
mature delivery and placental abruption of 

experimental group were 
higher than those of control 
group (P < 0.05). There was 
no stillbirth in both groups. 
See Table 4.

Discussion

Adverse pregnancy including 
repeated fetal arrest, reduc-
tion of amniotic fluid, prema-
ture rupture of membranes, 
etc., endangers both moth-
ers and infants. It is usuqlly 
attributed to endocrine dis-
orders, heredity, genital mal-
formation and other factors 
of parturients [11, 12]. In 
addition, it affects the grow- 
th and development of new-
borns and increases the risk 
of delivery. Therefore, timely 
diagnosis and identification 
of adverse pregnancy of par-

turients and targeted intervention treatment 
are urgently needed. In recent years, accumu-
lating studies have found that the occurrence 
of adverse pregnancy is presumably related to 
the autoimmune antibody of the parturient, so 
hospital diagnosis can start with the immuno-
logical examination of the parturient with 
adverse pregnancy, so as to improve the clini-
cal diagnosis rate and to reduce the delivery 
risk [13-15].
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Antiphospholipid antibodies (APLA) are autoan-
tibodies against a group of antigen substances 
containing phospholipid structures. It mainly 
includes ACL, anti-phosphatidic acid antibody 
(APAA) and anti-phosphatidylserine antibody, 
etc. The target antigen that causes human 
body to produce APL antibody is phospholipid 
binding protein in plasma, and the most com-
mon ones include 2-glycoprotein I, prothrombin 
or complexes of these proteins with cardiolipin. 
APLA can combine with phospholipids on endo-
thelial cells or platelet membranes, destroy cell 
functions, inhibit the release of prostacyclin, 
and enhance platelet adhesion and agglutina-
tion functions, thus becoming an important 
cause of blood hypercoagulability and thrombo-
sis [16, 17]. It was previously reported that the 
positive expression rate of ACL and β2-GP1 in 
the experimental group was notably high, while 
the positive expression rate under combined 
detection was relatively high. Moreover, as an 

ed to adverse pregnancy such as fetal growth 
retardation and threatened abortion. The main 
mechanism of ACL is to form complexes by 
combining with phospholipids in ovary and uter-
us, causing inflammatory reaction in endome-
trium and promoting the continuous develop-
ment of inflammatory reaction. In addition, 
abnormal expression of ACL may cause vascu-
lar endothelial damage, which may lead to the 
formation of microvascular thrombus and even-
tually result in adverse pregnancy [19].

To best of our knowledge, β2-GP1 participates 
in the process of thrombosis, and its expres-
sion level will be at a high level. Therefore, the 
concentration of β2-GP1 in serum is usually 
linked to the risk of thrombosis in current clini-
cal studies. Previous studies have confirmed 
that [20], the expression of β2-GP1 in the uter-
us of parturient can inhibit platelet prothrombin 
activity and endogenous aggregation pathway, 

Figure 1. Comparison of BPA levels and resistin levels (
_
x  ± s). Note: A. The abscissa indicates the experimental 

group and the control group, respectively, and the ordinate indicates BPA level (ng·ml-1); BPA levels in the experimen-
tal group and the control group were (14.20±3.54) ng·ml-1 and (8.97±3.52) ng·ml-1, respectively. Significant differ-
ence was observed in BPA level between two groups (t=8.115, P < 0.05). B. The abscissa indicates the experimental 
group and the control group, respectively, and the ordinate indicates the serum resistin level (g/L). The serum resis-
tin levels in the experimental group and the control group were (7.64±1.31) g/L and (5.87±1.24) g/L, respectively. 
Significant difference was found in resistin levels between two groups (t=7.601, *P < 005).

Table 4. Comparison of perinatal outcomes between the two 
groups of pregnant women [n (%)]

Group n fetal growth 
restriction

premature 
delivery

placental 
abruption stillbirth

Experimental group 60 16 (26.67) 10 (16.67) 7 (11.67) 0(0)
Control group 60 3 (5.00) 1 (1.67) 1 (1.67) 0(0)
X2 10.568 8.107 4.821 0.998
P 0.001 0.004 0.028 > 0.05
Fetal growth restriction, premature delivery and placental abruption of experi-
mental group were higher than those of control group (P < 0.05). There was no 
stillbirth in both groups.

important antibody of APL, ACL 
mainly exists on tissue cells 
and blood cell membranes and 
will not be recognized by the 
immune system under healthy 
conditions. However, under ab- 
normal conditions, cardiolipin 
antigen will stimulate the body 
to a certain extent, resulting in 
high level expression of ACL in 
serum [18]. At present, multi-
ple studies have found that the 
overexpression of ACL is relat-
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which, in combination with thrombosis in the 
uterus, eventually results in adverse pregnan-
cy. In this study, the accuracy of clinical detec-
tion can be improved to a certain extent. Davis 
et al. [21] pointed out in the study that “the 
positive rate of ACL and β2-GP1 combined 
detection for pregnant women with adverse 
pregnancy is 39.58%, notably higher than 
6.32% for healthy women under the same cir-
cumstances”. This demonstrates that the com-
bined detection can improve the positive diag-
nosis rate of pregnant women with adverse 
pregnancy and provide data support for them 
to formulate intervention plans. The incidence 
of fetal growth restriction, premature delivery 
and placental abruption of experimental group 
were higher than those of control group (P < 
0.05). There was no stillbirth in both groups. 
Although the positive expression of ACL and 
β2-GP1 l was found to be the reason for adverse 
pregnancy, and combined diagnosis can greatly 
improve the clinical screening rate of adverse 
pregnancy cases, multivariate analysis was not 
performed. Additionally, whether the positive 
expression of ACL and β2-GP1 is an indepen-
dent risk factor for adverse pregnancy will be 
further studied in the future.

To sum up, the positive expression rate of ACL 
and β2-GP1 antibodies will be obviously 
increased during the onset of adverse pregnan-
cy, leading to the occurrence of adverse preg-
nancy outcomes. The integrated detection of 
ACL and β2-GP1 will improve the screening rate 
and prognosis of adverse pregnancy pregnant 
women.
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