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ABSTRACT
Objectives: Investigating the expression levels of plasma protein Z (PZ) and protein Z-dependent protease inhibitor 
(ZPI) in fetal growth restriction (FGR) and to explore their diagnostic value in FGR.

Material and methods: In this study, the number of pregnant women with FGR, healthy pregnant women (Healthy 
Control, HC), and childbearing-age women without pregnancy (Blank Control, BC) is 79, 79, and 60, respectively; 
their plasma PZ and ZPI levels in each group are determined by ELISAs. Then, the correlations between these indices  
and FGR were assessed using Spearman analysis. Moreover, these indices’ diagnostic values for FGR are evaluated using 
the receiver operating characteristics (ROC) curves.

Results: The plasma levels of PZ and ZPI are significantly decreased in the HC and FGR groups compared against  
the BC group (P < 0.001), whilst the levels of PZ and ZPI in the FGR groups are lower than those in the HC group 
(P < 0.01) notably. PZ plasma concentration has positive relationship with ZPI concentrations in the HC and FGR groups.  
The combination of PZ and ZPI, with the Area under the Curve (AUC) 0.92 (95% CI = 0.88–0.96), the sensitivity 0.82, and 
the specificity 0.88, outperforms everyone.

Conclusions: Plasma PZ and ZPI are significantly decreased in pregnant women with FGR, which can be used for preg-
nant women’s FGR screening.
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INTRODUCTION
Fetal growth restriction (FGR) is also known as intrau-

terine growth restriction (IUGR). It is defined as fetuses with 

an estimated fetal weight or abdominal circumference that 

is less than the 10th percentile for gestational age [1]. FGR is 

one of the common complications of pregnancy probably 

caused by maternal, fetal, placental and external factors,  

and it has a significant impact on fetal morbidity and mortal-

ity as well as long-term neurological dysfunction [2]. Previ-

ous studies have shown that FGR is an important cause of 

perinatal morbidity and mortality, with 52% of stillbirths and 

10% of fetal perinatal deaths related to FGR [2]. Fetal growth 

is a complex process controlled by maternal, placental or 

fetal factors. Maternal age, nutritional status, living envi-

ronment and some pregnancy complications have a close 

relationship with the growth and development of the fetus 

[3]. The abnormal structure or function of the placenta is also 

an important factor affecting the growth and development 

of the fetus in utero. Although the primary pathophysiologi-

cal mechanisms of these causes differ from one another, they 

usually share the same final common pathway: decreasing 

the supply of nutrients to the fetus by affecting the blood 

perfusion between the uterus and placenta [4].

During pregnancy the body’s coagulation and antico-

agulation systems are in dynamic balance helpful to main-

tain the normal function of the placenta. Abnormal blood 
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coagulation in pregnant women can promote forming 

thrombus between the uterus and placental villus, as well 

as reduce exchanging placental nutrients, thus leading to 

the occurrence of FGR [5–6]. In addition, previous studies 

have shown that placental fibrin deposition and vascular 

thrombosis significantly reveals increase in patients with 

FGR, including villous arterial thrombosis, perivillous fibrin, 

and utero-placental and intervillous thrombosis [5].

Protein Z (PZ) is a vitamin K-dependent plasma protein 

with N-terminal Gla domain. On one hand, it promotes bind-

ing thrombin and phospholipid surface and helps blood 

coagulation. On the other hand, these proteins can also 

combine with protein Z-dependent protease inhibitor (ZPI) 

forming a complex that jointly inhibits the activity of acti-

vated coagulation factor X (Xa) in the coagulation pathway, 

so the indirect anticoagulation will be developed during this 

process [6–9]. The ZPI-PZ complex inhibits the coagulation 

response which inhibits the FXa produced by the external 

or internal FXase complex prior to its incorporation into 

prothrombin. The ZPI-PZ minimally regulates FXa during 

prothrombin activation [10]. PZ with reducing levels lead 

to procoagulant states and are associated with thrombotic 

diseases, such as ischemic stroke, venous thromboembolic 

disease, cardiovascular disease, and pregnancy complica-

tions [11]. At present, studies have proved that PZ is bound 

up with placental abruptions in preeclampsia and recurrent 

abortion, but there are still few studies on the correlation 

between changes in PZ and ZPI levels and FGR [12–15].

Aiming at improving the maternal and infant outcomes 

of patients, it is very significant to clarify the etiology  

and pathogenesis of FGR and to strengthen the prevention  

and treatment of FGR Therefore, in this study, the plasma 

levels of PZ and ZPI in pregnant women with FGR during 

pregnancy, normal pregnant women as well as non-preg-

nant women of childbearing age, were detected to analyze 

the correlation between the two and FGR group, and to 

explore the diagnostic value of the two for FGR.

MATERIAL AND METHODS
Subjects

The FGR group was made up of 79 FGR patients who 

were diagnosed and hospitalized for delivery in the Third 

Affiliated Hospital of Zhengzhou University from September 

2018 to March 2020. There are 39 patients in the second 

trimester and 40 in the third trimester. According to FGR 

guidelines approved by the American College of Obstetri-

cians and Gynecologists (ACOG) in 2019, each patient was 

diagnosed [1]. In addition, 79 healthy pregnant women 

were selected as healthy control (HC) including 42 cases 

in the second trimester and 37 cases in the third trimester. 

They received routine perinatal care in outpatient depart-

ment during the same period. Moreover, 60 women at child-

bearing-age were undergoing pre-pregnancy examination  

and they were selected as the blank control group (BC group).

Exclusion criteria
Chronic pregnancy complications, such as hypertension, 

diabetes, hypothyroidism; pregnancy with autoimmune 

diseases, such as systemic lupus erythematosus, rheuma-

toid arthritis; pregnancy-complicating diseases of major 

organs; fetal developmental abnormalities or chromosomal 

abnormalities; placental abnormalities; acute and chronic 

infectious diseases; history of smoking, alcohol abuse or 

mental illness. 

This study was authorized by the Ethics Committee 

of the Third Affiliated Hospital of Zhengzhou University 

(No.05). All subjects had signed the informed consent form 

before venous blood collection. 

Sample collection and preservation
We collected 2 mL of fasting peripheral venous blood 

from all subjects using an EDTA vacuum anticoagulation 

tube and centrifuged at 4ºC, 3500 rpm for 5 min. Then,  

the supernatants were collected separately and stored at 

–80ºC for the following examinations.

Detection of PZ and ZPI levels
Levels of PZ and ZPI in plasma were determined by 

double-antibody Enzyme-linked immunosorbent Assays 

(ELISAs). The performance of ELISAs is based on the manu-

facturer’s instructions of ELISA kits (ab137989 and ab181132, 

Abcam, UK). Also, 50 µL of standards and patients’ plasma 

samples were added onto the microtiter plate each well. 

Then cover wells with sealing tape and incubate for two 

hours at room temperature. After incubation, remove liquid 

from each well and wash five times. Add 50 µL of PZ antibody 

or ZPI antibody to each well and incubate for one hour. Then 

wash microplate and add 50 µL of SP conjugate to each well. 

Incubate for 30 minutes and wash microplate again. Add 

50 µL of chromogen substrate to each well and incubate 

for about 20 minutes or till the optimal blue color density 

develops. Then add 50 µL of stop solution to each well to 

terminate the reaction. The absorbance values of each well 

in the microtiter plate at 450 nm were detected immediately.

Statistical analyses
Statistical analyses were performed using SPSS 23.0 soft-

ware (Chicago, USA). The quantitative data conforming to 

normal distribution were expressed as mean ± standard 

deviation (X ± SD) and abnormal distribution data were 

presented as median (percentiles), M (P25, P75). Two inde-

pendent samples t-test and nonparametric Mann-Whitney 

U were used to compare the differences between two 

groups. One-way ANOVA and Kruskal-Wallis test were used 
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to compare the differences among multiple groups. Pearson 

analysis was used to analyze the correlation between PZ and 

ZPI concentrations. The Spearman test was performed for 

simple correlations. Besides, the diagnostic value of each 

indicator or indicator combination was assessed using the 

receiver operating characteristics (ROC) curves. In each anal-

ysis, the difference was statistically significant at P < 0.05.

RESULTS
The baseline characteristics of the study participants, 

including age, gravidity, parity, gestational age, body mass 

index (BMI), are presented in Table 1. The results show that 

there was no significant difference in the age (p = 0.23), 

gravidity (p = 0.068), parity (p = 0.18) among the BC, HC, 

and FGR groups. In addition, no significant difference was 

identified in the gestational age (p = 0.41) and BMI (p = 0.77) 

between the HC and FGR groups.

To explore the variation of PZ and ZPI during pregnancy, 

the expression of PZ and ZPI were determined and compared 

among the BC, HC, and FGR groups. The results indicate that 

the expression of PZ and ZPI were significantly lower in BC 

and FGR groups comparing to HC group (Tab. 2). For fur-

ther investigation, the expression of PZ and ZPI between  

the second and third trimester were also compared in the HC  

and FGR groups. However, significant differences were only 

identified in PZ between the second and third trimester of 

the FGR group (P = 0.023, Tab. 3). The data suggested that 

PZ and ZPI were significantly increased during the second 

and third trimester and abnormally decreased expression of 

PZ and ZPI in plasma might be potential indicators for FGR.

Pearson linear correlation analysis showed that the 

plasma PZ concentration was positively correlated with 

ZPI concentration both in the HC group (R
2 = 0.42, 

P < 0.0001, Fig. 1A) and FGR group (R
2 = 0.25, P < 0.0001,  

Fig. 1B). Considering these findings, the diagnostic values of PZ 

and ZPI were estimated using ROC curve. The results showed 

that all indices presented significant diagnostic values and 

the diagnostic values in turn were: ZPI (AUC = 0.88, P < 0.001)  

< PZ (AUC = 0.90, P < 0.001) < PZ + ZPI (AUC = 0.92,  

P < 0.001) (Tab. 4 and Fig. 1C). 

DISCUSSION
Placental insufficiency is widely accepted to be the pri-

mary cause of FGR, but the reasons of placental insufficiency 

are various and complex. Constricted spiral arteries and 

increased coagulation result in fetal hypoxia and inappropri-

ate nutrition exchange [16]. Hence, it is important to explore 

the pathogenesis of coagulation dysfunction to improve the 

clinical diagnosis and therapy of FGR.

PZ is a kind of vitamin K-dependent plasma protein  

and commonly synthesized by vascular endothelial cells 

[17]. Its structure is similar to other K-dependent factors, 

such as VII, IX, and protein C [18]. ZPI is a member of serpin 

superfamily, which can rapidly inhibit activation of factor Xa 

when having PZ, calcium and procoagulant membranes. It 

also can suppress the activation of factor XI lack of the afore-

mentioned cofactors [19]. Previous studies demonstrated 

Table 1. Comparisons of general information of subjects among the BC, HC, and FGR groups

Terms BC HC FGR c2/Z p

Age (years) 24 (27.5, 30) 28 (26, 30) 29 (27.75, 31) 2.91 0.23

Gravidity 1 (1.2) 2 (1.3) 2 (1.3) 5.37 0.068

Parity 1 (0.1) 0 (0.1) 0.5 (0.1) 3.48 0.18

Gestational age* — 28.49 ± 3.98 29.23 ± 4.43 0.83 0.41

BMI# — 23.48 ± 1.97 23.61 ± 2.32 0.30 0.77

* — The gestational age was calculated based on the last menstruation and verified through early-stage ultrasonography; FGR — fetal growth restriction; BC — Blank 
Control; HC — Healthy Control; BMI — body mass index

Table 2. Comparisons of plasma PZ and ZPI among BC, HC, and 
FGR groups (±s)

Terms n PZ (ng/mL) ZPI (ng/mL)

BC 60 16.80 ± 3.41 6.54 ± 1.11

HC 79 34.67 ± 6.25a 13.54 ± 2.44a

FGR 79 24.26 ± 4.70b 9.62 ± 1.92b

p < 0.001 < 0.001
a — Compared with BC group, p < 0.05; b — Compared with HC group, 
p < 0.05; BC — Blank Control; HC — Healthy Control; FGR — fetal growth 
restriction

Table 3. Comparisons of plasma PZ and ZPI between the second 
and third trimesters (±s)

Terms Trimester n PZ (ng/mL) ZPI (ng/mL)

HC Second 42 33.64 ± 6.14 13.22 ± 2.55

Third 37 35.75 ± 6.56 13.90 ± 2.29

p 0.14 0.22

FGR Second 39 23.05 ± 5.17 9.38 ± 2.01

Third 40 25.44 ± 3.89 9.85 ± 1.83

p 0.023 0.28

FGR — fetal growth restriction ; HC — Healthy Control,; PZ — protein Z; ZPI 
— Z-dependent protease inhibitor
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that abnormal expression of plasma PZ is related to adverse 

pregnancy outcomes, such as intrauterine fetal death, hy-

pertensive disorders of pregnancy, recurrent spontaneous 

abortion, etc. [14, 20–21]. Souri et al., had documented 

that plasma PZ and ZPI levels in healthy pregnant women 

are significantly higher than those of the non-pregnant 

Figure 1. Diagnostic value of PZ and ZPI for FGR. A. Correlations between PZ and ZPI in normal pregnant women; B. correlations between PZ  
and ZPI in FGR; C. Diagnostic value of PZ, ZPI assessed using ROC curve. The value of specificity is plotted as 1-specificity on the x axis

Table 4. ROC curves of diagnostic value of combined plasma PZ, ZPI, and PZ + ZPI for FGR

Terms Specificity Sensitivity AUC (95% CI) Cut-off p

PZ 0.90 0.77 0.90 (0.86–0.95) 29.62 (ng/mL) 0.000

ZPI 0.76 0.91 0.88 (0.83–0.93) 11.70 (ng/mL) 0.000

PZ + ZPI 0.88 0.82 0.92 (0.88–0.96) — 0.000

PZ — protein Z; ZPI — Z-dependent protease inhibitor
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women [22]. In this study, plasma PZ and ZPI levels in the 

healthy pregnant women are also higher than those of 

the childbearing age without pregnant women. Further 

explorations show that plasma PZ expression has a positive 

relationship with the expression of ZPI in both HC and FGR 

groups. According to these findings, we speculated that the 

hypercoagulable nature of pregnancy might be the reason 

which leads to compensatory increased synthesis of PZ and 

ZPI in the liver and inhibits the activation of FXa, as well as 

reducing the risk of thrombosis of the pregnant women.

Currently, the correlations between the expression of 

PZ and ZPI and FGR remain unclear. Quack et al., found that 

plasma PZ level in the normal pregnant women has positive 

relationship with the gestational age, and it returns to a nor-

mal level within three months after delivery [23]. Brettelle  

et al. [14], had demonstrated that approximately half of 

pregnant women with plasma PZ deficiency has placental 

vascular abnormalities, thus, they pointed out that the de-

crease of plasma PZ level may be related to FGR. However, 

Gowri et al. [24], found that no statistical significance was 

identified in the reduction of plasma PZ level in pregnant 

women with FGR. In this study, compared with the normal 

pregnancy control, the plasma PZ and ZPI levels are signifi-

cantly downregulated in the FGR group, but there were no 

significant changes in the second and third trimesters of 

pregnancy in the normal pregnancy groups. It indicates that 

insufficient plasma PZ and ZPI levels may be a risk factor for 

FGR. In addition, further investigations showed that plasma 

concentrations of PZ and ZPI has a negative relationship 

with FGR. Our research provides a method to predict FGR 

for the women whose fetuses are slightly smaller than the 

gestational age during the second trimester.

With the lack of criteria for screening and diagnosis of 

fetal growth restriction, the diagnosis is mainly based on 

medical history, physical examination and ultrasound exam-

ination. Early diagnosis of FGR during pregnancy is helpful 

for early intervention in pregnant and parturient women, as 

well as providing a reference for improving the prognosis for 

the mother and child. In this study, the diagnostic values of 

PZ and ZPI were determined with ROC curve and found that 

both PZ and ZPI presented higher diagnostic values. Com-

bining these results, we speculated that deficiencies of PZ 

and ZPI might contribute to the development of FGR and 

be utilized for the FGR screening in clinic. 

One of the limitations of this study is the data collection. 

Since the diagnosis of FGR is in the second and third trimes-

ter, the plasma PZ and ZPI levels of FGR pregnant women in 

the first trimester were not included. However, our research 

has demonstrated the diagnostic value of PZ and ZPI for FGR. 

Further studies, such as prospective studies, postpartum 

follow-up, and larger cohort studies, can determine the 

predictive value of PZ and ZPI in the first trimester of FGR.

CONCLUSIONS
The reduction of plasma PZ and ZPI levels might be asso-

ciated with the coagulation dysfunction in pregnant women 

with FGR. PZ, ZPI were presented significant diagnostic 

value for FGR and the best diagnostic value was shown in 

the second and third trimesters. Also, they may also benefit 

finding the Etiology of FGR. Consequently, it is important to  

detect the variations of PZ and ZPI in pregnancy plasma  

to improve the screening and therapy of FGR.
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