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Abstract 
Background: Gestational hypertensive disorders (GHD) are associated with maternal 

and neonatal complications. However, the prediction of GHD stills a dilemma 

especially in high-risk women. 
Objectives: Evaluation of the role of estimated serum levels of pregnancy protein 13 

(PP13) for the prediction of GHD in newly pregnant women. 
Patients and methods: the attendants of the clinic with a one-missed period (T0) 

underwent determination of baseline blood pressure (BP) measures and gave blood 

samples for estimation of levels of PP13, placental growth factor (PLGF) and soluble 

fms-like tyrosine kinase-1 (sFlt-1). The same evaluations were repeated on the 6th, 

24th, 32nd, and 36th gestational week (GW). Twenty non-pregnant women gave 

samples as control group for estimated biomarkers . 
Results: PP13 was undetectable in sera of non-pregnant women but was detected in 

all T0 samples of pregnant women, but were significantly lower in PE women and 

continued to increase during pregnancy with significantly lower levels in PE women. 

The sFlt-1/PLGF ratio was significantly higher in PE women than in other women. 

Low serum PP13 levels and high sFlt-1/PLGF in T0 samples are significant predictors 

for high BP measures at the 24th GW and low serum PP13 at the cutoff point of 122 

ng/ml can predict early-onset PE. 
Conclusion: Low serum PP13 levels in T0 sample could predict women liable to 

develop GHD especially early-onset PE and low PP13 levels and high sFlt-1/PLGF 

ratio in the 6th GW samples will assure this suspicion. 
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Introduction 
Preeclampsia (PE) features de 

novo pregnancy-induced hypertension 

and proteinuria that can progress to 

eclampsia, which is a convulsive, life-

threatening condition (Kusuma et al., 

2022). PE is an obstetrical syndrome 

associated with deleterious short-and 

long-term maternal, fetal, and neonatal 

consequences, especially in early-onset 

PE (Vikraman and Elayedatt, 2022). 

Uterine stromal cell 

decidualization is an essential process 

for fetal implantation and local 

adaptation, growth, and maintenance 

of the placenta (Sahu et al., 2019). 

Defective decidualization and 

abnormal function of trophoblast cells 

are important causes of adverse 

pregnancy outcomes including PE (Li 

et al., 2022). 

Placental growth factors 

(PLGF-1 and -2) are predominantly 

expressed in the placenta and are 

secreted during pregnancy in a strongly 

correlated manner (Frang et al., 2019). 

PLGF is the key protein for placental 

angiogenesis and vasculogenesis, 

especially during embryogenesis 

(Reijnders et al., 2019). Soluble fms-

like tyrosine kinase 1 (sFlt-1) is an 

anti-angiogenic factor that is largely 

produced in the placenta, and binds to 

and antagonizes PLGF (Rowson et al., 

2022).   

Placental protein 13 (PP13) is a 

member of the galectin family with a 

conserved carbohydrate recognition 

domain, which is synthesized in the 

syncytio-trophoblast and is involved in 

the early placentation process 

(Advedissian et al., 2015). PP13 was 

found in microvesicles and exosomes 

that are released from the syncytio-

trophoblast into the maternal 

circulation, contain high amounts of 

PP13 and so can be detected in 

maternal blood (Sammar et al., 2018). 

This study tried to evaluate the role of 

early estimation of serum PP13 in 

prediction of gestational hypertensive 

disorders (GHD) in newly pregnant 

women. 

 

Patients and methods 
Setting: Departments of Obstetrics & 

Gynecology and Medical 

Biochemistry, Faculty of Medicine, 

Benha University 

Design: Prospective observational 

comparative study 

Ethical consideration: The study 

protocol was preliminary approved by 

the Local Ethical Committee at Benha 

Faculty of Medicine at 12-3-2020 and 

after completion of case collection and 

obtaining the results, it was finally 

approved by the number; RC: 5-6-2022 

and was registered by 

ClinicalTrials.gov Identifier: 

NCT05517512.   

Study protocol: All women attending 

the Antenatal Care clinic of Benha 

University Hospital with one missed 

period during the study duration 

underwent demographic data, 

estimation of the baseline systolic 

(SBP) and diastolic blood pressure 

(DBP) and gave urine samples for 

estimation of the level of proteinuria 

using a dipstick test.  

Exclusion criteria: History of essential 

hypertension (HTN), renal, hepatic, or 

cardiac diseases, metabolic syndrome, 

body mass index (BMI) >35 kg/ m2, 

manifest diabetes, or endocrinopathy 

are the exclusion criteria. Women who 

attended the clinic after more than one 

missed period, refused to sign the 

written consent or missed during 

pregnancy were also excluded.  

Inclusion criteria: Normotensive 

newly pregnant women who attended 

the clinic with a one-missed period 

(T0), free of exclusion criteria, and 

attend all follow-up visits.  

Diagnosis and categorization of 
GHD: Gestational hypertension 

(GHTN) was defined according to the 

American Society of Hypertension 

https://www.sciencedirect.com/topics/medicine-and-dentistry/membrane-microparticle
https://www.sciencedirect.com/topics/medicine-and-dentistry/exosome
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(Lindheimer et al., 2009) and PE was 

defined and categorized according to 

severity and time of onset according to 

guidelines of the American College of 

Obstetricians and Gynecologists 

(Bernhard et al., 2014; Von 
Dadelszen et al., 2003). 

Study groups 
1. GHTN group included women 

who developed GHTN but did not 

progress to PE. 

2. PE group included pregnant 

women who developed PE during 

pregnancy. 

3. NT group included a number of 

women who completed their 

pregnancy free of GHTN equal to 

number of PE women and of 

cross-matched number, age and 

BMI to PE women. 

4. Non-pregnant women (n=20) of 

cross-matched age and BMI as a 

control for serum levels of studied 

biomarkers; <50 pg/ml for a 

placental growth factor (Krauss el 

al., 2004), and ~ 150 pg/ml for 

soluble fms-like tyrosine kinase-1 

(Chen and Khalil 2017), while 

serum PP 13 was documented to 

be undetectable in non-pregnant 

women (Burger et al., 2004).   

Blood sampling 

Blood samples (5 ml) were 

obtained at women's 1
st
 attendance to 

the clinic (T0), at the 6
th

, 24
th

, 32
nd

, and 

36
th

 GW. Blood samples were divided 

into two parts, one for immediate 

estimation of random blood glucose 

(RBG) and the other part was allowed 

to clot, centrifuged at 3000 rpm for 10 

minutes to separate serum that was 

collected in a sterile Eppendorf tube 

and stores at -20
o
C till be assayed.   

Laboratory investigations 
Serum biomarkers' levels were 

measured according to the 

manufacturer's instructions using 

ELISA kit (Abcam Inc., Cambridge, 

USA; Catalogue No: ab100629; 

ab119613 & ab100553, respectively) 

for human PLGF (Fischeret al., 2008), 

sFlt-1 (Rebecca et al., 2008) and PP13 

(Stefanovic et al., 2015). Readings 

were obtained using a 96 well 

microplate ELISA reader (Dynatech. 

MR 7000)  

Follow-up 
At time of the 1

st
 attendance 

(T0), and at the 6
th

, 24
th

, 32
nd

, and 36
th

 

gestational week (GW) BP was 

measured and blood samples were 

obtained. 

Study outcomes 

The study outcome is the ability of 

estimation of serum PP13 for 

prediction of development of GHD 

and categorization of PE. 

 

Statistical analysis 
Statistical analyses were 

conducted using the paired t-, one-way 

ANOVA and Chi-square tests through 

IBM® SPSS® Statistics (Version 22, 

2015; Armonk, USA) for Windows 

statistical package. According to 

previous literature, the documented 

date for the development of early-onset 

PE was at or after the 24
th

 GW (Von 

Dadelszen et al., 2003; Xu et al., 
2018), so such BP measures were 

evaluated as the dependent variate 

versus T0 data as independent variate 

to assess their ability for early 

prediction of early-onset PE using the 

Receiver Operating Characteristic 

Curve and Regression analyses. P-

value <0.05 was considered 

statistically significant. 
 

Results 
During the study duration, 584 

women were eligible for evaluation, 63 

were excluded and 81 were missed 

during follow-up, and 440 women 

were enrolled in the study. During 

pregnancy, 54 women (12.3%) 

developed GHTN (GHTN group) and 

42 women (9.5%) progressed to PE 

(PE group), and 42 women of the 346 

women who completed their pregnancy 
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free of hypertensive manifestations 

were included in the NT group (Fig. 

1). The enrollment data of the studied 

women showed non-significant 

differences as shown in (Table 1). 

 

Fig.1. Patients' flowchart  
 

Table 1. Patients' enrolment data 

Variables\ Groups   NT (n=42) GHTN (n=54) PE (n=42) 

Age (years) 26.5±5.6 28.5±4.1 26.4±4.7 

Weight (kg) 81.5±8.4 80.8±8.2 82.2±8.4 

Height (cm) 167.4±4.2 166.4±4 165.8±4.6 

Body mass index 

(kg/m
2
) 29.4±2.8 29.4±2.4 29.7±2.5 

Primigravida 33 (78.6%) 43 (79.6%) 27 (64.3%) 

Random blood 

glucose (mg/dl) 
86.8±8.1 90.4±7.7 89.1±8.6 

Mean, standard deviation, numbers, and percentages 

 

The mean level of BP measures 

obtained at T0 showed non-significant 

differences between enrolled women. 

However, BP measures of women of 

the GHTN and PE groups were 

increased progressively till later in 

pregnancy with significant difference 

in comparison to BP measures of 

women of the NT group and 

significantly higher measures in 

women of PE than women of GHTN 

groups (Table 2). The incidence of 

early-onset PE was 28.6% and of 

severe PE was 21.4% among women 

of PE group.  

Table 2. Blood pressure measures of the studied women throughout pregnancy 

Variables\ Groups   NT (n=42) GHTN (n=54) PE (n=42) 

SBP 

(mmHg) 

T0 119.6±3.2 119±4.2 120±3.3 

6 GW 120.3±4.3 136.9±3.5* 124±4.5*† 

24 GW 120.3±3.3 142.4±1.6* 147.1±9.4*† 

32 GW 120±2.9 146.1±2.1* 148.3±10* 

36 GW 119.2±3.6 149.3±2.1* 151.8±7.1*† 

DBP 

(mmHg) 

T0 83.5±2.5 83.5±2.5 84±2.1 

6 GW 83.8±3.4 92.1±1.8* 86.9±2.6*† 

24 GW 83.8±3.5 93.4±1.5* 94.5±5.8* 

32 GW 83.4±3.7 94.5±1.3* 98.6±6.8*† 
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36 GW 83±3.2 95.2±1.3* 104.5±5.2*† 
Mean and standard deviation, * indicates significant difference versus NT group; † indicates significant difference 

versus GHTN group. 

 

Serum PP13 levels were 

undetectable in non-pregnant women, 

while were detected in T0 samples of 

all pregnant women and were 

significantly lower in women of the PE 

group compared to the levels estimated 

in women of NT (p<0.001) and GHTN 

(p=0.032) groups. During pregnancy, 

serum PP13 levels continued to 

increase in all pregnant women with 

significantly (P<0.001) higher levels in 

NT than women of other groups. 

Serum PP13 levels at the 6
th

 GW were 

significantly (P=0.001) higher in 

GHTN than PE women, but thereafter 

the difference was non-significant. On 

contrary, serum levels of sFlt-1 and 

PLGF in T0 samples were comparable 

between pregnant and non-pregnant 

women with non-significant 

differences between women of the 

three groups. Serum levels of both 

markers increased gradually in all 

pregnant women, but serum levels of 

sFlt-1 were significantly higher and 

serum PLGF levels were significantly 

lower in women of the PE group than 

women of the other groups with 

significant differences between women 

of the GHTN and NT groups (Table 
3). 

Table 3. Serum biomarkers' levels estimated throughout the pregnancy in 

samples of women of the three groups. 

Variables\ 

Groups 

Non-

pregnant 

  NT (n=42) GHTN 

(n=54) 

PE (n=42) 

PP13 

(ng/ml) 

T0 Nil 132.4±6.9 129.6±7.1 125.5±8.9*† 

6 

GW  152±9.1 141.5±7.5* 133.5±9.6*† 

24 

GW  198±11.4 156.5±10.3* 162±14.6* 

32 

GW  213.5±11.2 191.7±14* 186±16.4* 

36 

GW 
 289.5±19.3 240.5±23.3* 244±28.8* 

sFlt-1 

(pg/ml) 

T0 137.9±14.7 139±14.6 142.4±15 142±12.8 

6 

GW 
 503.5±130 554±147 670±138.5*† 

24 

GW 
 565±93 728±186* 841.5±212*† 

32 

GW 
 965.8±251 1108±172* 1435±645*† 

36 

GW 
 1718±344 1120±216* 2401±622*† 

PLGF 

(pg/ml) 

T0 31.8±6.4 31.5±6.4 30±5.9 31.2±6.1 

6 

GW 
 189±25.5 91.3±12.4* 75±15.2 

24 

GW 
 306±43.4 115.4±18.7* 83.5±10.5*† 

32 

GW 
 518±90.8 157.6±23.9* 99±13.6*† 

36  582.7±75.3 200±30* 127±21.4*† 
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GW 

sFlt-

1/PLGF 

ratio 

T0 0.234±0.05 0.228±0.05 0.21±0.04 0.22±0.04 

6 

GW 
 2.7±0.6 6.1±1.6* 9.06±2.2*† 

24 

GW 
 1.9±0.4 6.4±1.95* 10.22±2.8*† 

32 

GW 
 2.25±0.5 6.3±1.5* 14.9±7.4*† 

36 

GW 
 2.97±0.55 5.67±1.2* 19.2±5.45*† 

Mean and standard deviation, * indicates significant difference versus NT group; † indicates significant difference 

versus GHTN group. 
 

 

Linear regression analysis 

defined low serum PP13 levels as a 

significant predictor for elevated SBP 

(β=-0.251, p=0.003) and DPB (β=-

0.311, p<0.001) measures at the 24
th

 

GW and ROC curve analysis showed 

that serum PP13 at the cutoff point of 

122 ng/ml in the T0 sample could 

identify cases liable to develop early-

onset (<34 GW) PE women with AUC 

of 0.811 (p=0.019; 95%CI: 0.652-

0.969; Fig. 2). 
 

 
Fig. 2. ROC curve analysis for the serum PP13 level at a cutoff value of 122 

ng/ml as a discriminator for women who will develop early-onset PE 
 

Linear regression analysis 

defined lower serum levels of PPI3 and 

high sFlt-1/PLGF in the 6
th

 GW 

sample as independent positive 

predictors of getting high SBP and 

DBP measures at and/or after the 24
th

 

GW, while high serum levels of sFlt-1 

as the independent predictors of getting 

high DBP only (Table 4).
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Table 4. Univariate and multivariate analyses of serum biomarkers' levels 

estimated in the 6
th

 GW samples as independent predictors for getting high SBP 

and DBP at the 24
th

 GW  
 

Variables  
The 6

th
 GW 

serum level of  

Univariate analysis Multivariate analysis 

Standardize

d coefficient 

(β) 

P-value 

Standardiz

ed 

coefficient 

(β) 

P-value 

Systolic 

BP 

(mmHg) 

PP13 -0.267 0.003 -0.231 0.008 

sFlt-1 0.006 0.286 - - 

PLGF -0.119 0.058 - - 

sFlt-1/PLGF 

ratio 
1.708 <0.001 1.552 0.001 

Diastolic 

BP 

(mmHg) 

PP13 -0.223 <0.001 -0.176 0.001 

sFlt-1 0.011 0.006 0.020 <0.001 

PLGF -0.054 0.204 - - 

sFlt-1/PLGF 

ratio 
0.858 0.009 1.645 <0.001 

P<0.05 indicates significant value 
 

Discussion  
Pregnancy protein 13 was 

undetectable in the sera of non-

pregnant women, while was detectable 

in that of the newly pregnant women, 

while PLGF and sFlt-1 were 

measurable in sera of non-pregnant and 

newly pregnant women; a finding 

illustrating the specificity of PP13 for 

pregnancy, indicating its early 

secretion with the onset of pregnancy 

and supported the previous studies that 

documented secretion of PP13 from an 

early stage of pregnancy, so that it can 

be detected in the maternal serum as 

early as the 5
th

 GW (Huppertz et al., 

2008; Orendi et al., 2011). 

The early secretion of PP13 

could be attributed to its exclusive 

expression in the amniotic 

membranes and the placental fetal 

syncytiotrophoblast (Than et al., 

2009) while other fetal and maternal 

tissues show very little to no 

expression of PP13 (Than et al., 

2014). This early expression and 

secretion of PP13 was for its multitask 

functions through contribution for the 

mother's immune tolerance to 

pregnancy by induction of white blood 

cell apoptosis (Sammar et al., 2019), 

regulation of the activity of plasma 

neutrophils by polarizing them toward 

a placental-growth-permissive 

phenotype (Vokalova et al., 2020), 

induction of uterine vascular 

remodeling to increase the 

uteroplacental blood flow (Drobnjak 

et al., 2019) with structural 

stabilization of the expanding vessels 

by binding to sugar residues of 

extracellular and connective tissue 

molecules through its carbohydrate 

recognition domain (Sammar et al., 

2019). 

Serum PP13 levels were 

significantly higher in T0 samples of 

NT women than in samples of other 

women and despite the progressively 

increasing levels with pregnancy 

progress, as previously documented 

(Sammar et al., 2011), the difference 

is still significantly higher in favor of 

NT women. Low serum levels of PP13 

in 6th GW sample could high BP 

measures at the 24th GW and in T0 

samples could identify women liable to 

develop early-onset PE. These findings 

indicated the possible applicability of 

serum PP13 to classify newly pregnant 

https://www.sciencedirect.com/topics/medicine-and-dentistry/amnion
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women according to their possible 

hypertensive status during pregnancy. 

These findings supported the 

previously documented that serum 

PP13 level assay and PP13 mRNA 

expression levels are reliable markers 

for early detection of PE during the 

first trimester (El Sherbiny et al., 

2012; Chang et al., 2017), and go in 

hand with the meta-analysis that 

recommended PP13 to be used as an 

effective biomarker for the screening 

of PE (Wu et al., 2021). Moreover, 

another study found combined 

estimation of serum PP13 and 

performing uterine artery Doppler 

improved the predictability for PE 

(Soongsatitanon and Phupong 2020).   

The detected significantly 

lower serum PLGF levels and higher 

sFlt-1 levels with high PLGF/sFlt-1 

ratio throughout pregnancy in women 

who developed GHD in comparison to 

NT women and PE women than in 

GHTN women go in hand with that 

previously detected (Shinohara et al., 

2021; Rowson et al., 2022). Further, 

the statistically detected value of high 

PLGF/sFlt-1 ratio to discriminate 

between GHTN and PE was in hand 

with the study that assured the role of 

elevated sFlt-1/PLGF ratio in 

differentiation between PE and GHTN 

(Yang et al., 2022).  

To our knowledge, no previous 

trial for early prediction of GHD was 

performed and despite the detected 

higher ability of the sFlt-1/PLGF ratio 

over serum PP13 in samples of the 6th 

GW for prediction of PE, but, the 

diagnostic ability of PP13 the ratio at 

an earlier date (T0 sample) is 

advantageous. Thus, combined 

estimation of PP13 in the T0 sample 

and sFlt-1/PLGF ratio in the 6th GW 

sample is worth implementing in 

clinical screening for GHD among 

newly pregnant women since the 1st 

missed period to allow time-space to 

undertake preventive measures 

especially reduction of gestational 

weight gain which increases the risk 

for GHD (Kyozuka et al., 2022). 

Conclusion 
 Estimation of serum PP13 once 

there is a missed period can predict 

women liable to develop GHD 

especially early-onset PE and its 

coupling with the determination of 

sFlt-1/PLGF ratio in serum samples 

obtained at the 6
th

 GW will assure the 

suspicion.   

Study’s limitations 
Postpartum follow-up was a 

limitation of this study to evaluate the 

ability of these markers to predict 

postpartum hypertension. 
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