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Background: Preeclampsia (PE), a serious pregnancy disorder, is responsible for maternal 
and fetal mortality worldwide. At present, numerous candidate biomarkers have been studied 
to predict PE.
Objective: To explore the role of Corin in PE risk prediction and then evaluate the 
predictive ability of soluble vascular endothelial growth factor receptor-1 (sFlt-1), placenta 
growth factor (PLGF), and sFlt-1/PLGF after the addition of Corin.
Methods: A total of 135 pregnant women from Affiliated Hospital of Shandong University 
of Traditional Chinese Medicine participated in this study in their first trimester. A nested 
case–control study was conducted and all subjects were divided into PE groups (n=46) and 
controls (n=89). The levels of PLGF, sFlt-1, sFlt-1/PLGF ratio, and Corin of the two groups 
at 12–16 weeks of gestation were measured and analyzed. Receiver operating characteristic 
(ROC) curve, net reclassification index (NRI) and integrated discrimination index (IDI) were 
calculated to evaluate the predictive ability of various biomarkers.
Results: The concentrations of sFlt-1, sFlt-1/PLGF, and Corin in PE group were signifi-
cantly higher than that in controls, while the concentration of PLGF in the PE group was 
lower. The area under curve (AUC) of sFlt-1, PLGF and sFlt-1/PLGF for predicting PE was 
0.786, 0.719 and 0.866, respectively. Combined with Corin, the prediction ability of the 
above biomarkers could be improved to 0.876, 0.847, and 0.897, respectively. Corin in 
combination with sFlt-1/PLGF resulted in improvements with 12.6% being reclassified and 
a resulting NRI of 0.142 (0.020~0.263) and IDI of 0.087 (0.037~0.137).
Conclusion: The addition of Corin to sFlt-1, PLGF and sFlt-1/PLGF can improve the ability 
of each marker to predict PE risk. Corin in combination with sFlt-1/PLGF can be used as 
ideal markers to identify the pregnant women who subsequently develop PE, which will help 
in risk stratification and better therapeutic management.
Keywords: preeclampsia, Corin, soluble vascular endothelial growth factor receptor-1, 
placental growth factor, prediction

Introduction
Preeclampsia (PE) is a pregnancy-specific disorder that occurred in pregnant 
women after 20-week gestation with symptoms of hypertension, proteinuria, and 
edema. This disease has the characteristics of insidious onset, rapid progression, 
and poor prognosis and the incidence is as high as 5%~10%, which remains 
a leading cause of maternal mortality and is a major threat to maternal and fetal 
health.1–4 Numerous studies demonstrating that early detection of high-risk 
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populations is of great significance for preventing and 
treating PE and improving pregnancy outcomes.2,5 

Therefore, it may be essential to find new predictive bio-
markers of PE. Even though the exact etiology and patho-
physiology remain elusive, further research suggests that 
the dysfunction of placental trophoblast and the damage of 
maternal vascular endothelium are the main 
pathogenesis.6,7 The biomarkers in relation to placental 
and vascular injury, including soluble vascular endothelial 
growth factor receptor-1 (sFlt-1) and placenta growth fac-
tor (PLGF), have shown better precision and practical 
values, which has greatly advanced the prediction and 
early diagnosis of PE. A series of studies suggest that the 
comprehensive evaluation model of sFlt-1 combined with 
PLGF is more sensitive than alone and has good prospec-
tive application in clinical work, but further research is 
still needed to improve the feasibility and effectiveness of 
prediction.8–10

Recent developments in the field of the pathogenesis of 
PE have led to the discovery of more biomarkers. To date, 
there have been no studies with specificity and sensitivity 
required for clinical applications, and the difference 
between different studies is obvious.11 More recent studies 
have demonstrated that cardiac serine protease-Corin plays 
a crucial role in development of disease. Indeed, silencing 
Corin in mice will generate the cardinal manifestations of 
human preeclampsia as hypertension and proteinuria, sug-
gesting the level of Corin in the blood of the mother may 
be a predictive marker for PE.12–14

Yet the relationship between Corin and PE still needs 
attention and only a few studies have investigated the 
predictive utility of sFlt-1 and PLGF the introduction of 
Corin. The purpose of this study is to identify women at 
high risk of developing PE by using appropriate prediction 
models.

Methods
Patients
A total of 956 pregnant women with singleton pregnancy 
attended the obstetrics department of Affiliated Hospital of 
Shandong University of Traditional Chinese Medicine 
from April 2016 to April 2019 in their first trimester. 
The gestational age was calculated from the last menstrual 
period and confirmed by ultrasound ultrasonography 
between 10 and 12 weeks of gestation. Exclusion criteria: 
Women suffer from diabetes, morbid obesity (body mass 
index >40kg/m2), hypertension, cardiovascular system 

diseases, systemic lupus erythematosus, metabolic dis-
eases, liver and kidney diseases. A nested case–control 
study was performed and all subjects were divided into 
PE group (n=46) and normal controls (n=89) according to 
pregnancy outcome. The controls consisted of singleton 
pregnancy women (matched on age) without hypertension, 
diabetes, hyperthyroidism, and other pre-pregnancy com-
plications. This study was approved by the ethical com-
mittee of Affiliated Hospital of Shandong University of 
Traditional Chinese Medicine and conducted in accor-
dance with the Declaration of Helsinki. All subjects signed 
informed consent before the investigation.

Biomarkers Detection
Baseline data were collected, including age, systolic blood 
pressure, diastolic blood pressure, body mass index, gesta-
tional age, and smoking history. A total of 4mL fasting 
venous blood was obtained from all 135 participants in the 
morning at 12–16 weeks of gestation. After centrifugation 
for 15 min at 1500×g, the serum was separated and then 
immediately stored in-80°C. The serum concentrations of 
Corin, PLGF, and sFlt-1 were measured by ELISA analy-
sis, and the kit was purchased from Boster Biological 
Technology co.ltd.

Clinical Definitions
According to the criteria of the American College of 
Obstetricians and Gynecologists (ACOG), PE was defined 
when blood pressure ≥140/90 mm Hg that developed after 
20 weeks’ gestation in a previously normotensive woman, 
with proteinuria (24-hour urinary protein ≥300 mg). 
Additionally, severe preeclampsia was diagnosed with 
any of the following findings: systolic blood 
pressure≥160mmHg, or diastolic blood pressure ≥110 
mmHg; platelet count <100,000/μL; elevated liver 
enzymes; severe persistent right upper quadrant or epigas-
tric pain; renal insufficiency; pulmonary edema; new-onset 
cerebral or visual disturbances. Fetal growth restriction 
(FGR) is defined as the 10th percentile with an estimated 
body weight less than gestational age.

Statistical Analysis
All analyses were performed using SPSS 22.0, MedCalc 
version 10.2.0.0, and R package version 3.6.2. Normal- 
distributed data were expressed as x� s and compared 
using the Student’s t-test. Non-normal data were described 
by median and quartiles. Comparison was conducted in 
two groups with the Mann–Whitney U-test. The χ2 test 
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was used for the comparison of categorical variables. 
Receiver operating characteristic (ROC) curve, net reclas-
sification index (NRI) and integrated discrimination index 
(IDI) were calculated to evaluate the predictive ability of 
Corin, PLGF, sFlt-1, alone and in combination for PE. 
Statistical significance was regarded as P<0.05.

Results
Comparison of Clinical Characteristics 
Between the Two Groups
Of the 956 pregnant women, 46 subjects subsequently 
developed PE with the incidence of 4.8%, of which 19 
subjects (19/46) were severe, 27 subjects (27/46) were 
mild, and 23 subjects (23/46) complicated by FGR. 
There were 36 primiparas and 10 multiparas in the PE 
group, and 60 primiparas, 29 multiparas in the normal 
control group. The age range of the subjects was from 
23 to 38 years with gestational age from 26 to 41 
weeks. Diagrammatic flow of study design were listed 
in the Figure 1. The clinical characteristics of patients in 
the PE group and normal control group were listed in 
Table 1. Women developed PE showed a significant 
increase in body mass index, systolic blood pressure, 
diastolic blood pressure, and incidence of Caesarean 
delivery, but a decrease in gestational age as compared 
with controls (P<0.05). There was no significant differ-
ence in age and rates of smoking between the two 
groups (P>0.05).

Comparison of Biomarker Levels 
Between the Two Groups
The results showed that the concentrations of sFlt-1 
[3366.1 (2730.7, 4553.0) vs 2561.8 (2057.4, 3034.5)], 
sFlt-1/PLGF [19.5 (13.9, 26.5) vs 10.6 (8.2, 14.1)] and 
Corin [1184.4 (932.6, 2966.9) vs 893.0 (719.0, 1106.9)] in 
the PE group were significantly higher than that in the 
controls, while the PLGF concentration [203.1 (155.6, 
248.9) vs 166.0 (132.1, 197.6)] was significantly lower 
(P < 0.001). The biomarker expression levels of PE 
group and controls were presented in Figure 2.

Predictive Value of Biomarkers for PE
As shown in Figure 3A, the Area under curve (AUC) of sFlt- 
1/PLGF was 0.866 (0.796 ~ 0.918), obviously higher than 
that of sFlt-1[0.786 (0.707 ~ 0.852)], PLGF [0.719 (0.635 ~ 
0.793)] and Corin [0.761 (0.680 ~ 0.830)], respectively. 
After combined with Corin, the AUC of sFlt-1, PLGF, and 
sFlt-1/PLGF can be increased to 0.876 (0.808 ~ 0.926), 
0.847 (0.775 ~ 0.903), and 0.897 (0.833 ~ 0.943), respec-
tively (Figure 3B). Compared with sFlt-1/PLGF, the AUC of 
sFlt-1/PLGF in combination with Corin increased by 0.031, 
but the difference was not statistically significant (P=0.141).

The Predictive Ability of Biomarkers with 
the Introduction of Corin
According to the Youden index, the risk of PE was divided 
into low, medium, and high: <40%, 40% ~ 60%, and 

Figure 1 Diagrammatic flow of study design.
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≥60%. The result showed that the Corin in combination 
with sFlt-1 improved only the IDI while Corin in combi-
nation with PLGF or sFlt-1/PLGF provided the significant 

increases in both the NRI and IDI. When Corin combined 
with PLGF, 39.3% of the individuals were reclassified and 
the resulting NRI and IDI were 0.328 and 0.199 

Table 1 Clinical Characteristics of PE and Controls

PE (n=46) Controls (n=89) P

Age, year 30.0 (26.0, 33.0) 29.0 (26.0, 32.0) 0.111
Body mass index, kg/m 23.4 (22.2, 24.7) 21.4 (20.1, 22.6) <0.001

Systolic blood pressure, mmHg 152.5 (139.5, 158.5) 113 (108, 121) <0.001

Diastolic blood pressure, mmHg 97.5 (90, 108.5) 75 (70, 81) <0.001
Current smoker, % 1 (2.17%) 2 (2.22%) 0.981

Gestational age at delivery, weeks 37.1 (36.2, 38.2) 39.2 (38.0, 40.3) <0.001

Caesarean Delivery, % 35(76.1%) 23(25.8%) <0.001
Primiparas, % 36(78.26%) 60(67.41%) 0.188

Notes: Data is presented as medians and quartiles or as percentage (n).

Figure 2 Biomarker levels in PE and Controls at 14–16 weeks of gestation. (A) sFlt-1; (B) PLGF; (C) sFlt-1/PLGF; (D) Corin; Compared with the controls: ***P<0.001.
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respectively. Adding Corin to the sFlt-1/PLGF resulted in 
improvements with 12.6% being reclassified and 
a resulting NRI of 0.142 and IDI of 0.087 (Table 2).

Discussion
Preeclampsia is a serious and potentially life-threatening dis-
ease in pregnancy. Statistics show that PE patients have suf-
fered damage at varying degrees before the onset of their 
clinical manifestations.15 Therefore, it is important to establish 
an early prediction model and screen high-risk pregnant 
women for disease prevention and treatment. There are 
many prediction methods for PE, including manifestations 
and biomarkers, but these sensitivity and specificity are low, 
thus limiting the clinical application. In-vitro and in-vivo 
studies have elucidated that abnormal expression of Corin 
and gene mutations can lead to invasive abnormity of the 
trophoblast and impairment of uterine spiral artery that can 
result in PE.16,17 This study retrospectively analyzed the 
alterations of biomarkers in PE and normal pregnant women 
and then explore the role of Corin combined with traditional 
biomarkers in the pathogenesis of PE.

Biomarkers detection is one of the important methods for 
predicting PE. It can determine a credible early disease assess-
ment during the asymptomatic stage of pregnant women and 
effectively monitor high-risk groups. Since PE is associated 
with endothelial cell dysfunction and placental abnormalities, 
studies on relevant biomarkers are imperative for the early 
prediction of PE.18–20 The correlation between alterations in 

PLGF and sFlt-1 concentrations with preeclampsia disease 
activity was confirmed in several studies. Zhao et al21 reported 
that serum sFlt-1 is more pronounced in pregnant women with 
PE, which binds and neutralizes PLGF, and lead to a decrease 
in bioavailable PLGF. This contributes to increase vascular 
permeability and accelerates endothelial and vascular dysfunc-
tion. Similarly, the results of this study showed that compared 
with the controls, the serum sFlt-1 concentrations in PE preg-
nant women were increased, whereas the PLGF concentra-
tions were decreased, suggesting that sFlt-1 and PLGF may be 
involved in the generation and development of PE. ROC curve 
analysis showed that the AUC for sFlt-1 and PLGF was more 
than 0.7, which was helpful in the prediction and diagnosis of 
PE, but the prediction effect was not obvious.

Moreover, meta-analysis indicated that the sensitivity 
and specificity of individual biomarkers alone are moder-
ate, while a composite measure incorporating sFlt-1 and 
PLGF is more predictive of PE than either measure 
alone.22 According to current data, the sFlt-1/PLGF ratio 
gives a much-improved sensitivity of 89% ~100% and the 
specificity of 81%~98%.23 In the present study, the ROC 
curve also showed that the AUC of sFlt-1/PLGF was 
higher than either of them and the results were consistent 
with the above research. As sFlt-1/PLGF shows significant 
alteration in the third trimester, it is necessary to combine 
relevant indicators in order to improve the accuracy of 
prediction in the first trimester and the second trimester. 
Therefore, a new serological index—Corin was analyzed 

Figure 3 ROC curve of sFlt-1, PLGF, sFlt-1/PLGF and Corin, alone and in combination for prediction of PE (A) sFlt-1, PLGF and sFlt-1/PLGF alone; (B) Combined with 
Corin.
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in our study. Several studies evaluated the relationship 
between Corin and hypertensive disorder during preg-
nancy and could be applied for the prediction of PE.24,25 

The serum Corin concentrations increase slightly in nor-
mal healthy pregnant women, while dramatically alter in 
women with PE as early as 12 weeks of gestation, indicat-
ing that Corin may have a predictive role in the pathogenic 
process of PE. Rong et al26 have reported that the women 
who subsequently develop PE have a significant rise in the 
Corin concentrations in early pregnancy and the similar 
alterations in Corin was observed in this study. Relative to 
controls, women in the PE group exhibited higher Corin 
with AUC of 0.761, which provided evidence for the 
clinical application of serum Corin in predicting PE. In 
order to evaluate the impact of Corin on the utility of sFlt- 
1, PLGF, and sFlt-1/PLGF, Corin in combination with 
other biomarkers was analyzed and results showed the 
increased predictive ability of combination with Corin. 

Although Corin in combination with sFlt-1/PLGF showed 
the highest AUC of 0.897, there was no significant differ-
ence compared with sFlt-1/PLGF. Our data indicated that 
the impact of the addition of Corin on AUC was not 
significant, but the number of individuals reclassified and 
NRI caused by the new predictive model needs to be 
further determined. Conceptually, NRI is a statistical 
method to evaluate the predictive ability of the new and 
traditional models, and IDI is used to reflect the overall 
improvement of the new model. After the introduction of 
Corin, the NRI and IDI of sFlt-1/PLGF were significantly 
increased, which indicated that the prediction ability of 
sFlt-1/PLGF was improved with the addition of Corin, 
and the difference was statistically significant. The results 
of this study identified sFlt-1/PLGF in combination with 
Corin during the early second trimester as a useful tool in 
the clinical prediction, and the combination gave high 
predictive values in women at risk of developing PE.

The main limitations of our study include: (1) Only 135 
participants were enrolled and there may be a selection bias; 
(2) There are fewer types of serological markers analyzed, 
and others were not included in the test due to methodolo-
gical limitations; (3) The pregnant women at a specific time 
were included, and women during the whole pregnancy need 
to be confirmed by subsequent studies. (4) The model is not 
validated in a different cohort.

Conclusion
In summary, Corin can slightly improve the prediction 
ability of sFlt-1 and PLGF for PE. Corin in combination 
with sFlt-1/PLGF may be used as ideal biomarkers for 
subsequent PE in pregnant women develop, contributing 
to risk stratification and better treatment management.

Abbreviations
PE, Preeclampsia; sFlt-1, soluble vascular endothelial growth 
factor receptor-1; PLGF, placenta growth factor; ROC, recei-
ver operating characteristic; NRI, net reclassification index; 
IDI, integrated discrimination index; FGR, fetal growth 
restriction; AUC, area under curve; ANP, atrial natriuretic 
peptide.
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Table 2 Reclassification Comparison of Each Biomarker 
Combined with Corin

Biomakers Combined with Corin

<40% 40%~60% ≥60% % Reclassified

sFlt-1

<40% 74 11 5 18

40%~60% 10 6 7 74

≥60% 0 2 20 9

NRI 0.140(−0.042~0.322), P=0.131

IDI 0.146(0.076~0.215), P<0.001

PLGF

<40% 68 9 8 20

40%~60% 18 8 14 80

≥60% 0 4 6 40

NRI 0.328(0.093~0.562), P=0.006

IDI 0.199(0.122~0.277), P<0.001

sFlt-1/PLGF

<40% 83 6 1 8

40%~60% 6 9 4 53

≥60% 0 0 26 0

NRI 0.142(0.020~0.263), P=0.022

IDI 0.087(0.037~0.137), P<0.001
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