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Abstract
Objective: This study aimed to explore the expression and associations between levels of serum protein Z
(PZ), protein Z-dependent protease inhibitor (ZPI), and coagulation-related indicators and foetal growth
restriction (FGR).

Methods: A total of 50 pregnant women with FGR, 50 healthy pregnant women (Healthy control, HC), and
30 childbearing-age women without pregnancy group (Blank control, BC) were collected in this study. The
serum PZ, ZPI, protein C (PC), protein C (PS), and antithrombin III (ATIII) levels of women in each group
were determined and compared. Moreover, correlations between these indices and FGR were assessed
using Spearman analysis and diagnostic values of these indices for FGR were evaluated using the
receiver operating characteristics (ROC) curves.

Results: Serum levels of PZ, ZPI, PC, PS, and ATIII were signi�cantly downregulated in the HC and FGR
groups compared with the BC group (P <0.001), while PZ, ZPI, PS, and ATIII levels in the FGR groups were
signi�cantly lower than that in the HC group (P <0.01). PZ serum concentration was positively correlated
with ZPI concentration in the HC and FGR groups, and PZ and ZPI levels were negatively correlated with
FGR (r = -0.198, r = -0.247, P <0.05). Combined of PZ, ZPI, PS, and ATIII performed a better value than
each of them with AUC of 0.935 (95% CI=0.890-0.981), a sensitivity of 0.920, and a speci�city of 0.800.

Conclusion: Serum PZ, ZPI, PS, and ATIII were signi�cantly decreased in pregnant women with FGR and
could be used for FGR screening in pregnant women.

Highlights
1. PZ and ZPI expression in FGR women were signi�cantly lower than that in normal pregnant women.

2. PS and ATIII expression in FGR women were signi�cantly lower than that in normal pregnant women.

3. No signi�cantly differences were identi�ed in PZ, ZPI, PS, and ATIII between the second and third
trimesters in FGR and normal pregnant women.

4. All PZ, ZPI, PS, and ATIII presented signi�cantly diagnostic values for FGR screening.

5. Combined of PZ, ZPI, PS, and ATIII presented a promising diagnostic value than each of them for
FGR screening.

Background
Foetal growth restriction (FGR) is traditionally de�ned as foetal growth less than the appropriate
gestational age at 10th percentile, which is leading cause for the morbidity and mortality of neonates [1].
Moreover, many of FGR survivors suffer lifelong changes in the risks of several diseases, such as
neurodevelopment de�cient, ischemic heart diseases, hypertension, diabetes, retinopathy, and other
metabolic diseases [2–5]. Over the last decades, the FGR rate had markedly increased and likely to be
further raised owing to the older motherhood, infertility treatment, professional workload, and adverseLoading [MathJax]/jax/output/CommonHTML/jax.js
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factors exposure, including stress, nicotine, alcohol, and malnutrition [6, 7]. Therefore, it is of signi�cance
to screen and intervene FGR as early to improve the perinatal outcome.

Till now, there are still no effective methods in identifying FGR among pregnancies due to the
inappropriate medicalizations and biomarkers [8, 9]. Thus, it is important to explore the etiology of FGR
and identify some new candidates improving the diagnosis of FGR. In recent years, coagulation
dysfunction is reported to reduce placental nutrient and oxygen exchange and might contribute to the
development of FGR [10, 11]. Histologic examination showed that �brin deposition and thrombi in the
vasculature were signi�cantly increased in placentas of FGR pregnancies, including villous stem artery
thrombosis, perivillous �brin, and utero-placental and intervillous thrombi [12]. Torricelli et al. heve reported
that protein C (PC) and protein S (PS), two coagulation-related indicators, were signi�cantly increased in
preeclampsia (PE) and PE combined FGR groups compared with the control group [13]. In addition,
another animal study showed that a coagulation-related indicator protein C (PC) mRNA abnormally
expressed in FGR rat model [14]. These �ndings suggested that coagulation dysfunction might be an
important pathological characteristic of FGR, but how this characteristics could be use for FGR screening
was still known.

Considering the coagulation disturbance during FGR, expression of coagulation related factors: PC, PS,
and antithromnin (ATIII), and coagulation factor VII structure similar protein Z (PZ) and protein Z-
dependent protease inhibitor (ZPI) were determined among normal and FGR pregnant women followed by
diagnostic value assessments. According to these investigation, we hope to provide some new insights
and candidates for the screening of FGR.

Methods

Subjects
A total of 50 FGR pregnant women, who were hospitalized in the Department of Obstetrics, the Third
A�liated Hospital of Zhengzhou University, were enrolled in this study as the FGR group from Sept. 2018
to Sept. 2019. Patients enrolled in this group if they were:  all diagnosed with guideline of FGR
authorized by the American College of Obstetricians and Gynecologists (ACOG) in 2019;  singleton under
normal development; and  at least two indicators of abdominal circumference, femur length, biparietal
diameter, foetal weight, and foetal head circumference diagnosed with ultrasonic less than 10th
percentile of standard gestational age. In addition, participants were excluded if they met one of the
following criteria during pregnancy:  smoking and/or alcoholism;  receiving antineoplastic agents,
narcotic drugs or other pharmacotherapy that affect coagulation function;  combined with other
pregnancy complications, including hypertensive disorders, diabetes mellitus, intrahepatic cholestasis,
recurrent spontaneous abortion, and maternal-child blood group incompatibility;  diagnosed with
malformation or chromosome abnormalities;  congenital heart disease or other organ dysfunction; 
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abnormal morphology or number of placenta; or  infected with cytomegalovirus, toxoplasma gondii,
chickenpox, or syphilis.

Meanwhile, 50 cases of healthy pregnant women, who were received common examination and typical
perinatal care, were enrolled in this study as the healthy control (HC) group. Patients in this group were all
met the following terms:  singleton with normal development;  last menstruation with a de�nite time
and the gestational age was con�rmed by early-stage ultrasonography;  presents pre-pregnancy
examination outcomes. Participants excluded criteria were the same as the FGR group.

In addition, 30 women at childbearing-age who were undergoing pre-pregnancy examination were
selected as the black control (BC) group. Participants were enrolled if they were:  previously pregnant but
not pregnant upon examination; and  presents adequate pre-pregnant examination results. However,
participants would be excluded if they had:  smoking and drinking history;  history of drug exposure in
the last six months;  adverse pregnancy or childbirth history;  Cardiac, hepatic, renal, or other organ
dysfunctions.

This study was authorized by the Ethics Committee of the Third A�liated Hospital of Zhengzhou
University (No.05 ). All subjects had signed the informed consent form before venous blood collection.

Sample collection and preservation
After enrollment, 2 ml of fasting peripheral venous blood was collected from subjects using an EDTA
vacuum anticoagulation tube and centrifuged at 4ºC, 3500 r/min for 5 min. Then, the supernatants were
collected separately and stored at -80ºC for the following examinations.

PZ and ZPI detection
Levels of PZ and ZPI in serum were determined by double-antibody sandwich ELISA (Sino-American
Biotechnology, Wuhan, China). Brie�y, ten wells on the ELISA plate were used for the standard curve
depiction according to the manufacturer’s protocol. Then, blank wells (no sample or ELISA reagent) and
test sample wells (the �nal sample dilution was 5 times) were respectively arranged, and 50 µl of ELISA
reagent was added to each well. After sealed, plate was incubated at 37 °C for 30 min. Then, the plate
was uncovered, washed 5 times, and 50 µl of developer A �rstly added to each well followed by 50 µl of
developer B addition. Subsequently, colour development was carried out at dark for 10 min, and the stop
buffer was added to terminate the reaction. Within 15 min, the absorbance (OD value) of each well was
measured in sequence with the plate normalised against the blank well at 450 nm. Taking the
concentration of the standard as the ordinate and the OD value as the abscissa, the polynomial quadratic
regression equation of the standard curve was calculated. The OD value of sample was substituted into
the equation to calculate the concentration of the sample, which was then multiplied by the dilution, to
get the actual concentration.

PS, PC, and ATIII detection
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Plasma sample were taken out from − 80ºC and thawed quickly. Then, PS was determined by the
coagulation kit (Sino-American Biotechnology, Wuhan, China), and PC and ATIII were determined using
the chromogenic substrate method (Sino-American Biotechnology, Wuhan, China). All tests were
performed carefully according to the manufacturers’ instructions.

Statistical analyses
Statistical analyses in the current study were performed using SPSS 21.0 software (SPSS lnc, Chicago, IL,
USA). Speci�cally, homogeneity of variance and normality test were carried out from each group.

Normally distributed data were presented as mean ± standard deviation (
−
x ±s) and abnormal distribution

data were presented as median (percentile), namely, M (P25, P75). For normal distributed data,
comparisons between groups were determined using the independent t-test and comparisons among
groups were determined using a one-way ANOVA analysis followed by LSD test. For abnormal
distribution data, comparisons between groups were estimated using nonparametric Mann-Whitney U test
and comparisons among groups were estimated using Kruskal-Wallis test. Correlation between PZ and
ZPI concentrations was analyzed using the Pearson analysis and association between the
concentrations of PZ and ZP1 and FGR were assessed using the Spearman rank analysis. Besides, the
diagnostic value of each indicator or indicator combination was assessed using the receiver operating
characteristics (ROC) curves. For all analyses, P < 0.05 was considered statistically signi�cant.

Results

Generally information of enrolled subjects in three groups
After enrollment, the general information of subjects, including age, gravidity, parity, gestational age, body
mass index (BMI), were collected and compared. The results showed that there were no signi�cant
difference identi�ed in the age (P = 0.23), gravidity (P = 0.068), parity (P = 0.18) among the BC, HC, and
FGR groups (Table 1). In addition, no signi�cant difference were identi�ed in the gestational age (P = 
0.41) and BMI (P = 0.77) between the HC and FGR groups.

Loading [MathJax]/jax/output/CommonHTML/jax.js



Page 6/17

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

Terms BC HC FGR χ2/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* — 28.16 ± 3.78 28.78 ± 3.69 0.83 0.41

BMI# — 23.48 ± 1.97 23.61 ± 2.32 0.30 0.77

Note: *: The gestational age was calculated based on the last menstruation and veri�ed through early-
stage ultrasonography; #: BMI, body mass index; BC, blank control, subjects in this group at
childbearing age without pregnancy; HC, healthy control, subjects in this group were normal
pregnancy; FGR, foetal growth restriction, subjects in this group were pregnancy with FGR.

Expression of PZ and ZPI among the BC, 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 presented that the expression of PZ (P < 
0.001) and ZP1 (P < 0.001) in serum were signi�cantly differed among the BC, HC, and FGR groups
(Table 2). Moreover, further inter-group analyses showed that the serum expression of PZ and ZP1 in the
HC group were signi�cantly higher than that in the BC group (all P < 0.001), but the serum expression of
PZ and ZPI in the FGR group were signi�cantly lower than that in the HC group (all P < 0.001, Table 2),
suggested that PZ and ZPI abnormal expression might involve in the pathogenesis of FGR. For further
investigation, the expression of PZ and ZPI between the second and third pregnancy trimesters were also
compared in the HC and FGR groups. However, no signi�cantly differences were identi�ed between the
second and third pregnancy trimesters in the HC and FGR groups (all P > 0.05, Table 3). The data
suggested that PZ and ZPI were signi�cantly increased during pregnancy and abnormally decreased
expression of PZ and ZPI in serum might be potential indicators for FGR during pregnancy.
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Table 2

Comparisons of serum PZ and ZPI among BC, HC, and FGR groups (
−

\varvecx±s)

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

BC 30 17.28 ± 3.81 6.50 ± 1.21

HC 50 33.60 ± 6.37 13.33 ± 2.39

FGR 50 24.45 ± 4.61 9.74 ± 1.87

F   97.202 116.827

P   < 0.001 < 0.001

Inter-group P:  vs.   < 0.001 < 0.001

Inter-group P:  vs.   < 0.001 < 0.001

Note: PZ, protein Z; ZPI, protein Z-dependent protease inhibitor; BC, blank control, subjects in this
group at childbearing age without pregnancy; HC, healthy control, subjects in this group were normal
pregnancy; FGR, foetal growth restriction, subjects in this group were pregnancy with FGR.

Table 3

Comparisons of serum PZ and ZPI between the second and third trimesters (
−

\varvecx±s)

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

HC Second 24 33.77 ± 6.49 13.64 ± 2.37

Third 26 33.44 ± 6.38 13.05 ± 2.41

P     0.86 0.39

t     0.182 0.88

FGR Second 19 23.92 ± 4.92 9.66 ± 2.10

Third 31 28.79 ± 16.53 10.87 ± 4.30

P     0.22 0.26

t     -1.25 -1.14

Note: PZ, protein Z; ZPI, protein Z-dependent protease inhibitor; HC, healthy control, subjects in this
group were normal pregnancy; FGR, foetal growth restriction, subjects in this group were pregnancy
with FGR.

Expression of PC, PS, and ATIII among the BC, HC, and FGR
groups
Considering the coagulation dysfunction in FGR, the expression of coagulation-related factors(PC, PS,
and ATIII) were also determined among BC, HC, and FGR groups. As results, signi�cant differences were

Loading [MathJax]/jax/output/CommonHTML/jax.js



Page 8/17

identi�ed in the expression of PC (P = 0.024), PS (P < 0.001), and ATIII (P < 0.001) among the BC, HC, and
FGR groups (Table 4). Moreover, further inter-group analyses showed that the expression of serum PC (P 
< 0.038) and PS (P < 0.001) in the HC group were signi�cantly lower than that in the BC group, but the
expression of serum PS (P < 0.003) and ATIII (P < 0.001) were signi�cantly higher than that in the FGR
group and no markedly difference was identi�ed in the expression of PC (P = 0.47, Table 4). In addition,
the expression levels of PC, PS, and ATIII between the second and third trimesters were also determined in
the HC and FGR groups. However, no signi�cant difference were identi�ed in the expression levels of PC,
PS, and ATIII between the second and third trimesters in the HC and FGR group (All P > 0.05, Table 5).
Taken together, these �ndings suggested that PS and ATIII expression levels were signi�cantly decreased
in FGR with a relative stable levels during pregnancy, which might could be used for FGR diagnosis.

Table 4

Comparisons of serum PC, PS, and ATIII among BC, HC, and FGR groups (
−

\varvecx±s)

Terms n PC (%) PS (%) ATIII (%)

BC 30 118.86 ± 14.19 67.15 ± 6.74 100.84 ± 11.79

HC 50 110.16 ± 15.06 44.88 ± 8.01 95.83 ± 11.47

FGR 50 107.58 ± 18.47 39.97 ± 8.67 86.80 ± 11.42

F   3.83 77.94 15.32

P   0.024 < 0.001 < 0.001

Inter-group P:        

 vs.   0.038 < 0.001 0.085

 vs.   0.47 0.003 < 0.001

Note: PC, protein C; PS, protein S; ATIII, antithrombin; BC, blank control, subjects in this group at
childbearing age without pregnancy; HC, healthy control, subjects in this group were normal
pregnancy; FGR, foetal growth restriction, subjects in this group were pregnancy with FGR.
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Table 5

Comparisons of serum PC, PS, and ATIII between the second and third trimesters (
−

\varvecx±s)

Terms Trimester n PC (%) PS (%) ATIII (%)

HC Second 24 109.84 ± 19.06 46.12 ± 8.17 93.93 ± 10.83

Third 26 110.4619.50 43.74 ± 7.84 97.28 ± 10.50

P     0.91 0.27 0.30

t     -0.11 1.05 -1.11

FGR Second 24 103.21 ± 20.747 41.55 ± 9.37 89.62 ± 8.77

Third 26 110.26 ± 16.72 36.01 ± 8.22 85.49 ± 12.16

P     0.19 0.32 0.21

t     -1.32 1.01 1.29

Note: PC, protein C; PS, protein S; ATIII, antithrombin; BC, blank control, subjects in this group at
childbearing age without pregnancy; HC, healthy control, subjects in this group were normal
pregnancy; FGR, foetal growth restriction, subjects in this group were pregnancy with FGR.

Diagnostic value of PZ, ZPI, PS, and ATIII for FGR screening
Pearson linear correlation analysis showed that the serum PZ concentration was positively correlated
with ZPI concentration both in the HC group (r = 0.62, P < 0.001, Fig. 1A) and FGR group (r = 0.68, P < 
0.001, Fig. 1B). Furthermore, associations between the serum levels of PZ and ZP1 and FGR were also
assessed using the Spearman analysis. The results showed that PZ (r = -0.198, P = 0.024) and ZP1 (r =
-0.25, P = 0.005) were negatively correlated with FGR, respectively.

Considering of these �ndings, the diagnostic values of PZ, ZPI, and coagulation factors PS and ATIII for
FGR screening were estimated using ROC curve. The results showed that all indices presented
signi�cantly diagnostic values and the diagnostic values in turn were: PZ (AUC = 0.878, P < 0.001) > ZPI
(AUC = 0.87, P < 0.001) > ATIII (AUC = 0.70, P = 0.001) > PS (AUC = 0.64, P = 0.015) (Table 6 and Fig. 1C).
However, the speci�cities of PS and ATIII were only 0.36 and 0.56, respectively. For further analysis, the
combined diagnostic values of indices were also determined using ROC curves. The results showed that
diagnostic sensitivities and speci�cities of combined indices were all more than 0.68 with all P value < 
0.001 (Table 7 and Fig. 1D). Speci�cally, PZ + ZPI + PS + ATIII presented the highest diagnostic value with
sensitivity of 0.92, speci�city of 0.80, and AUC of 0.94 (0.89–0.98). These evidences suggested that PZ,
ZPI, PS, and ATIII could be used for FGR screening, and PZ + ZPI + PS + ATIII might be an optimal choice
for FGR screening.
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Table 6
Diagnostic values of serum PZ, ZPI, PS, and ATIII for FGR assessed by ROC curves

Terms Speci�city Sensitivity AUC (95%CI) Cut-off P

PZ 0.72 0.86 0.88 (0.81–0.94) 29.50 (ng/ml) 0.000

ZPI 0.76 0.90 0.87 (0.79–0.94 11.92(ng/ml) 0.000

PS 0.36 0.86 0.64 (0.53–0.75) 48.10(%) 0.015

ATIII 0.56 0.82 0.70 (0.59–0.80) 96.55 (%) 0.001

Note: PS, protein S; ATIII, antithrombin; PZ, protein Z; ZPI, protein Z-dependent protease inhibitor.

Table 7
ROC curves of diagnostic value of combined serum PZ, ZPI, PS, and ATIII for FGR

Terms Sensitivity Speci�city AUC (95%CI) P

PZ + ZPI 0.86 0.80 0.90 (0.84–0.96) < 0.001

PS + ATIII 0.72 0.68 0.75 (0.66–0.85) < 0.001

PZ + ZPI + PS + ATIII 0.92 0.80 0.94 (0.89–0.98) < 0.001

Note: PS, protein S; ATIII, antithrombin; PZ, protein Z; ZPI, protein Z-dependent protease inhibitor.

Discussion
Placental insu�ciency is widely accepted to be the primary cause of FGR, but the causes of placental
insu�ciency are various and complex [15]. Speci�cally, constricted spiral arteries and increased
coagulation are contribute to fetal hypoxia and inappropriate nutrition exchange [16]. Hence, it is of
important to explore the pathogenesis of coagulation dysfunction to improve the clinical diagnosis and
therapy of FGR.

PZ is vitamin K-dependent serum 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]. Previous studies
showed that PZ can acts an anticoagulant, like protein C and protein S. ZPI is a member of serpin
superfamily and could rapidly inhibit activation of factor Xa with the requirement of PZ, calcium, and
perocoagulant phospholipids, or suppress the activation of factor XI in the absence of the
aforementioned cofactors [19]. Previous studies demonstrated that abnormal expression of serum PZ was
related to adverse pregnancy outcomes, such as intrauterine foetal death, hypertensive disorders of
pregnancy, recurrent spontaneous abortion, etc. [20–22]. Souri et al. had documented that serum PZ and
ZPI levels in healthy pregnant women were signi�cantly higher than that in the non-pregnant women [23].
In this study, serum PZ and ZPI levels in the childbearing age without pregnant women (BC group) were
also higher than that in the healthy pregnant women (HC group). Further explorations showed that serum
PZ expression was positively correlated with expression of ZPI in both HC and FGR groups. According toLoading [MathJax]/jax/output/CommonHTML/jax.js
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these evidences, we speculated that the hypercoagulable nature of pregnancy might be the possible
reasons, which might lead to a compensatory increased synthesis of PZ and ZPI in the liver and inhibit
the activation of FXa, reducing the risk of thrombosis in pregnant women.

At present, the correlations between the expression of PZ and ZPI and FGR were still not elucidated.
Quack et al. found that serum PZ level in normal pregnant women gradually increased with the increasing
gestational age and returned to a normal level within three months after delivery [24]. Brettelle et al. had
.demonstrated that nearly half of pregnant women with serum PZ de�ciency had placental vascular
abnormalities, and thus pointed out that the decrease in serum PZ level may be related to FGR [21].
However, Gowri et al. fount that no statistical signi�cance was identi�ed in the reduction of serum PZ
level in pregnant women with FGR [25]. In this study, the serum PZ and ZPI levels were signi�cantly
downregulated in the FGR group compared with the normal pregnancy control, but no signi�cant changes
were identi�ed in the second and third trimesters of pregnancy in both the normal pregnancy and FGR
groups, indicating that insu�cient serum PZ and ZPI levels may be a risk factor for FGR. In addition,
further investigations showed that that serum concentrations of PZ and ZPI were negatively correlated
with FGR. Considering of these �ndings, the diagnostic values of PZ and ZPI were determined with ROCs
curve, and found that both PZ and ZPI presented higher diagnostic values. Combined these results, we
speculated that de�ciencies of PZ and ZPI might contribute to the development of FGR and could be
utilized for the FGR screening in clinic.

Normal pregnancy is associated with a complicated of haematological variations, resulting in a
hypercoagulable state [26]. PC, PS, and ATIII are three vitamin K-dependent anticoagulant proteins that are
key roles in the coagulation regulation [27]. A previous study showed that PS was signi�cantly decreased
during pregnancy, ATIII was slightly decreased, but the PC expression was largely variated [28]. In the
current study, signi�cantly differences were identi�ed in the expression of serum PC and PS, but not ATIII,
between BC and HC women. These �ndings suggested that PS and ATIII might play key role during
pregnancy, but the exact mechanism of them remains unknown.

A previous study showed that low levels of serum PS might be an increased risk for adverse outcomes at
early pregnancy, including pre-eclampsia and hypertension, which might contribute to the development of
FGR [29]. Besides, low expression of PC was also associated with the increased pregnancy loss [30]. Feotal
thrombotic vascular has been emphasized recently in adverse pregnancy and low levels of PS, PC, and
antithrombin were considered as risk factors for venous thromboembolism [31, 32]. Previous studies had
reported that de�ciency of serum PS is associated with the development of FGR and acquired PS
de�ciency is mainly related to autoantibodies, which might enhance thrombosis, resulting in insu�cient
placental blood perfusion and development of FGR [33, 34]. In this study, PS and ATIII were signi�cantly
decreased in FGR compared with the HC group, which provide direct evidence that PS and ATIII were play
critical role in the pathogenesis of FGR.
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For further investigation, the expression of PC, PS, and ATIII in the second and third trimesters were also
determined and showed no markedly changes between these two trimesters. Combined with PC
expression variation between the HC and FGR, the diagnostic values of PS and ATIII were determined and
both PS and ATIII presented signi�cantly diagnostic values, but the speci�city and sensitivity were not
satis�ed. Although PS combined ATIII presented a better diagnostic value than single of each, the
diagnostic speci�city was still less than 0.7. Considering the diagnostic values of PZ and ZPI, the
diagnostic value of PZ, ZPI, PS, combined ATIII for FGR was assessed and presented a better than single
index or two indices with an AUC of 0.935, a sensitivity of 0.920, and a speci�city of 0.800, indicating that
combined use of the four had the highest clinical prediction value.

In conclusion, the reduction of serum PZ, ZPI, PS, and ATIII levels might associated with the coagulation
dysfunction in pregnant women with FGR. With these expression changes, PZ, ZPI, PS, and ATIII were all
presented signi�cant diagnostic value for FGR and combined all of them showed the best diagnostic
value for FGR screening. Therefore, it is of importance to detect the variations of PZ, ZPI, PS, and ATIII in
pregnancy serum to improve the screening and therapy of FGR.
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Figures

Figure 1

Diagnostic value of PZ, ZPI, PS, and ATIII 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, PS, or ATIII assessed
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using ROC curve; D, Diagnostic values of combined indices of PZ, ZPI, PS, or ATIII assessed using ROC
curve. PZ, protein Z; ZPI, protein Z-dependent protease inhibitor; PC, protein C; PS, protein S; ATIII,
antithromnin; FGR, foetal restriction growth.

Loading [MathJax]/jax/output/CommonHTML/jax.js


