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Abstract- 

Preeclampsia (PE) is a hypertensive condition that occurs during pregnancy and accounts for 2% to 

8% of complications related to pregnancy globally. The diagnosis of preeclampsia is made when the 

blood pressure exceeds 140/90 mmHg after 20 weeks of pregnancy, occurring on two separate 

occasions with a minimum time gap of 4 hours, or exceeds 160/100 mmHg within a short period of 

time. Several biomarkers have been identified for prediction and diagnosis of preeclampsia. One of 

these biomarkers is Placental induced growth factor (PlGF), a factor that promotes angiogenesis, 

which belongs to the vascular endothelial growth factor family. Significantly reduced serum levels of 

placental growth factor (PIGF) have been observed in women diagnosed with preeclampsia compared 

to normotensive pregnancies. This study was designed to answer the question whether the 

measurement of PIGF at third trimester might be a predictive factor for the appearance of 

preeclampsia. 

Method: A comparative  study was made on 40 women with PE and 40 age-gestational-age matched 

women without preeclampsia, as case and control, respectively. Levels of  serum PIGF were 

measured, compared and its role  in prediction of preeclampsia was studied. 

Results: The mean serum level of  PIGF in cases was significantly lower ( 78.54±152.63pg/ml)  than 

mean serum PIGF level of controls ( 553.73±263.27 pg./ml). When ROC analysis was done , PIGF 

≤121.9pg/ml  was found giving highest Youden index with sensitivity of 97.50%(95%CI-86.8 - 99.9) 

, specificity of 100% (95%CI-91.2-100) and  AUC of 0.97 (95% CI =0.91–0.99). 

Conclusion: Along with the hallmark symptoms  of preeclampsia like high blood pressure and 

proteinuria, measurement of PIGF levels in late pregnant stage may be helpful in prediction of 

preeclampsia before actual onset of clinical symptoms which further assist in better diagnosis and 

management of disease. 
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INTRODUCTION 

 

Preeclampsia is a pregnancy specific multisystem disorder of unknown etiology and is characterized 

by development of hypertension to extent of 140/90 mmHG or more with proteinuria. It is 

characterized in a previously normotensive and non proteinuric woman. (1) According to ACOG 

(American College of Obstetrician and Gynecology), it is defined as maternal systolic blood pressure 

>140mmHG and diastolic >90 mmHG measured on two occasions separated by at least 6 hours and 

proteinuria > 300 mg in 24 hour or qualitative >1+, after 20 weeks of gestation. (2) A WHO report 

stated that in developing countries hypertensive disorders are responsible for 16.1% of maternal death. 

(3) 

Preeclampsia has its clinical importance in its relation to maternal and neonatal mortality and 

morbidity. Pregnant females with pre-eclampsia may suffer a severe complication like eclampsia, 

HELLP (Hemolysis, elevated liver enzymes, and low platelet count) syndrome, pulmonary edema, 

even renal impairment, and failure (4).  It is also associated to fetal growth restriction and premature 

delivery. A raised blood pressure can develop into kidney dysfunction, which leads to salt, and water 

retention, which further complicates hypertensive condition. This vicious cycle leads to severe 

preeclampsia and later poor obstetrics outcome. Infants born to preeclamptic mother may have a high 

risk of bronchopulmonary dysplasia and cerebral palsy due to preterm birth. (5,6) 

 Preeclampsia may cause prematurity, neonatal morbidity, and perinatal mortality. (7,8) hence, there 

has been increase interest for predictive biomarkers for its early diagnosis. Such biomarkers can 

predict high-risk female in early pregnancy (<16 weeks) and has clinical utility in preventing preterm 

delivery and premature birth. (9-13) 

Out of many, Placental Induced Growth Factor (PIGF) is an important molecule in clinical 

management of preeclampsia. PIGF is a part of VEGF family and is mainly expressed in placenta and 

to some extent in other tissues like heart, lungs, thyroid, liver, skeletal mussels, and bone. (14) PIGF 

is a pro-angiogenetic factor because it helps in the process of angiogenesis by regulating the activity 

of Vascular Endothelial Growth Factor (VEGF) by competitively binding to VEGFR-1 receptor which 

allows VEGF to bind, and then VEGFR-2, which possess strong tyrosine kinase activity. (15) During 

pregnancy PIGF is mainly secreted by placenta where it promotes development and maturation of 

placental vascular system. (16) From the second trimester of the pregnancy, placental development 

and secretion of PIGF increases. At 16 to 18 weeks of gestation, remodeling of myometrial spinal 

arteries also speeds up. PIGF increases trophoblast proliferation and reduces apoptosis under starving 

condition (17). However, the phenomena do not occur during trophoblastic exposure to inflammatory 

cytokines. It is manifested as in pre-eclampsia there is increase circulating debris of trophoblast which 

reflects PIGF deficiency (18). Besides this, PIGF helps in differentiation of uterine Natural Killer (NK 

cells) cells, which may further mediate trophoblast invasion into decidua (19). 

 

LEVELS OF PIGF IN NORMAL AND PRE-ECLAMPTIC PREGNANCIES. 

 

In the first trimester of an uncomplicated pregnancy concentration of PIGF decreases and increases 

from week 11 to 12, continuously rises and is at peak at week 30. Later, it tends to decreases. However, 

normal PIGF concentration is a factor that depends on gestational age with the lower limit of normal 

(defined as the fifth centile) ranging from a peak of approximately 141pg./ ml at around 30 weeks of 

gestation to 23 pg./ml at the time of delivery (20).  



Journal of Cardiovascular Disease Research   
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 4, 2024 

 

1803 

 
Figure 1. Circulating PlGF concentrations gradually increase during pregnancy to reach peak at ~ 30 

weeks gestation. In pre-eclampsia PlGF concentrations are comparatively lower throughout 

pregnancy. 

 

 

During the time of diagnosis and even in advance stage of the PE serum and urinary PIGF is found to 

increase. It occurs mainly due to reduced expression of PIGF and low free PIGF due to its binding 

with sFlt-1, which tends to increase in affected females (21). 

In early pregnancy PIGF concentration is lower in suspected women, but soluble FMS Like Tyrosine 

kinase-1 (sFlt-1) level is no different, which suggest that expression of PIGF get decreased. However, 

towards term, there is a reciprocal relationship between sFlt-1 and PIGF with increased level of total 

(both free and bound to PIGF), sFlt-1 and lower free PIGF levels (22). 

This picture depicts that in latter half of pregnancy, decreased level of PIGF occurs due to seclusion 

of the PIGF by sFlt-1. Probably, low-circulating levels of PIGF occurs as a consequence of abnormal 

early phenomena of placentation and is an important contributing factor to continued abnormal growth 

in later half of pregnancy (23).  

Few studies have been conducted to find out predictive role of PIGF for PE, but there is huge variation 

in finding of these studies, therefore, this study is one another step to assess predictive role of PIGF 

in early diagnosis of PE. 

 

Material and method 

 

This comparative study was carried out in the Department of Biochemistry of SMS Medical College 

& Hospital, Jaipur (Rajasthan) from April 2023 to August 2023. During the study period, pregnant 

women with viable singleton fetus in their third trimester, diagonosed with preeclampsia were taken 

as case group and non-preeclamptic pregnant female who were matched for gestational and biological 

age were taken as controls. Patients were recruited from antenatal clinic, wards, and emergency unit 

by purposive sampling. The study was approved by the Institutes Ethics Committee (Reference 

No147MC/EC/2023 Dated 01/04/2023), and informed written consent was obtained from all the 

participants. 
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Inclusion Criteria: 

1. Pregnant females with gestation >28 weeks. 

2. All pregnant subjects with singleton pregnancy who were willing to participate. 

3.  All pregnant women who gave informed consent. 

 

Exclusion Criteria: 

1. Pregnant females with previous history of hypertension. 

2. Severely ill patients. 

3. Pre-existing diagnosed preeclampsia or haemolysis. 

4. Pregnant women with renal diseases. 

5. Pregnant females with multiple fetuses. 

6. Pregnant women with gestational diabetes. 

7. Pregnant women with chronic hypertension. 

8. Pregnant women who did not give informed consent. 

 

SAMPLE SIZE: Sample size was calculated at 80% study power and alpha error of 0.05   assuming 

standard deviation of 51.03pg/ml of serum PIGF level in preeclampsia group as found in reference 

study.( Abidoye Gbadegesin et al., (DOI: 10.4236/ojog.2021.116070 June 18,2021 Open Journal of 

Obstetrics and Gynaecology). 

For minimum detectable mean difference of 32.0pg/ml in serum PIGF level,40 patients in each group 

were required as sample size for present study.  

 

 
 

Matching: Preeclamptic(cases) and non-preeclamptic group( controls) were matched for their 

gestational and biological age to eliminate confounding effect. 

The blood pressure of control group was monitored to make sure they remained normotensive during 

pregnancy otherwise were excluded.  

 

Methodology- 

 

All eligible patients  who visited Mahila Chikitsalya, SMS Medical College, Jaipur, during study 

period were  screened through inclusion and exclusion criteria were approached by the investigator 

herself and explained about nature and purpose of study through participant information sheet (PIS). 

After taking detailed history of participants general and obstetrics examination was done by co-guide 

of study and required investigations was done. 

Blood samples were drawn at recruitment for each participant. 5ml of venous blood was collected 

from the patients into plain bottles that were well labelled for prior identification, left for two hours 

to clot, and retract, and then centrifuged at 2500RPM for 5 minutes. The serum was decanted into 

vials and stored at -80 ◦C until analysis. Maternal serum PIGF assayed using ELISA (sandwich 

principle) according to manufacturer’s instructions. For serum, PIGF assay kit provided by 

Elabscience Research and Diagnostics products was used. All tests assayed on Bio-Tek ELISA 

machine provided by Department of Biochemistry, SMS Medical College and Hospital, Jaipur. 
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Patients with blood pressure >140/90 mmHg with proteinuria ≥2 considered as preeclamptic patients 

and they constitute group A as case group. 

Gestational and biological age matched pregnant women were taken as control group and constituted 

group B. 

 

Data Analysis- 

 

All information/data/ finding thus collected was recorded on a pre design study performa  and entered 

in MS-Excel sheet to prepare master chart. This master chart was subjected to stastical analysis. 

Qualitative variables were summarised as mean and SD whereas quantitative variables were presented 

as proportional (%). 

Unpaired T-test was used for analysis of quantitative variable while Chi-square test was applied for 

analysis of qualitative variables. P value= <0.05 was taken as significant. The Receiver Operating 

Characteristics(ROC) curve analysis was done to calculate the Area Under the Curve (AUC) and to 

find the best cut-off point, sensitivity, specificity, and likelihood ratios. 

Medcale 16.4 version software was  used for all statistical calculations. 

 

RESULTS- 

 

      Participants Characteristics- 

In present study, mean age of cases was (27.05±34.35years) while that in control group was ( 

26.80±32.22years).47.50 % of cases and 32.50 % of controls were second gravida while 20 % & 25% 

of participants were primigravida among cases and controls respectively. Both the groups were found 

comparable with respect to age, gravida and parity. 

 

PIGF Levels in Normal and  Preeclamptic pregnancies-   

 
Paramet

ers 
Grou

p 
N Mean SD Median Min. Max. 

‘p’ 
Value* 

PIGF 
A 40 78.54 152.63 53.7 0 1000 

<0.001 
B 40 553.73 263.27 583 139 1000 

Table No : 1 

 

The mean PIGF levels in cases were 78.54±152.63pg/ml while mean PIGF of controls were 

553.73±263.27 pg/ml. 

When independent sample t-test was applied, the difference in mean PIGF between cases and controls 

were found statically significant. (p=<0.01). 

However, median serum PIGF levels were 53.7pg/ml and 583.0pg/ml in  cases and controls 

respectively. 
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Figure.2 

 

Table No.2 

Area under the ROC curve (AUC) 0.975 

Standard Error 0.0247 

95% Confidence interval 0.913 to 0.997 

z statistic 19.252 

Significance level P (Area=0.5) <0.0001 

 

ROC Curve Analysis- When  ROC curve analysis was done to find out optimum cut-off value of 

serum PIGF level to discriminate cases from controls, it was found that PIGF level>121.9pg/ml was 

showing 97.50% sensitivity ( 95% CI-86.8-99.9) and 100% specificity (95%CI-91.2-100) with AUC 

of 0.975( Table.2) 

 

DISCUSSION- 

 

The present study attempts to investigate the predictive value of PIGF in preeclampsia in third 

trimester pregnancy (>28weeks of gestation). The serum levels of PIGF were estimated in cases and 

compared with controls. The mean value of serum PIGF level in present study was significantly lower 

in cases as compared to controls, which is consistent with the study of Ghosh et al.(24) and Abidoye 

et al.(25), where also mean value of serum PIGF was significantly lower in PE group as compared to 

non-preeclamptic group. In a similar study done by Shuyuan Xue et al.,(26)mean value of serum PIGF 

was lower in preeclamptic females as compared to non-preeclamptic females but the stastical 

difference was non-significant. 

Present study finds a good predictive role of serum PIGF level (AUC=0.975) in early diagnosis of PE 

similar to the  study of Stefan Velhoren et al.(27) and Maha Basuni et al., (28)where they also found 

positive predictive role of PIGF( AUC=0.92 & AUC=0.87 respectively) for PE. However, sensitivity 

and specificity for corresponding cut-off value were not coherent with the present study. 
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CONCLUSION 

 

It can be concluded from our study that the level of PIGF is low in preeclamptic females in comparison 

to non-preeclamptic pregnant females in their third trimester of pregnancy. Serum PIGF levels can be 

used in early prediction of PE along with other markers like sFlt-1 and sFlt-1: PIGF for better 

prediction of preeclampsia. 

 

Conflict of Interest: None. 

 

REFERENCES 

1. D. Dutta and H. C. Konar, “Hypertensive disorders in pregnancy,” in DC Dutta’s Textbook of 

Obstetrics, pp. 219–240, 2015. 

2. C. W. G. Redman, G. P. Sacks, and I. L. Sargent, “Preeclampsia:an excessive maternal 

inflammatory response to pregnancy,”American Journal of Obstetrics & Gynecology, vol. 180, no. 

2, pp.499–506, 1999. 

3.K. S. Khan, D. Wojdyla, L. Say, A. M. G¨ulmezoglu, and P. F. van Look, “WHO analysis of 

causes of maternal death: a systematic review,” The Lancet, vol. 367, no. 9516, pp. 1066–1074, 

2006. 

4 .Souza JP, Gülmezoglu AM, Vogel J, et al. Moving beyond essential interventions for reduction of 

maternal mortality(the WHO Multicountry Survey on Maternal and Newborn Health): a cross-

sectional study.Lancet 381:1747-1755,2013. 

5. Hansen AR, Barnés CM, Folkman J, McElrath TF. Maternal preeclampsia predicts the 

development of bronchopulmonary dysplasia.J Pediatr 156:532-536, 2010. 

6.Strand KM, Heimstad R, Iversen AC, et al. Mediators of the association between pre-eclampsia 

and cerebral palsy:population based cohort study.BMJ 347:f4089, 2013. 

7. Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. Lancet 2021. London, England. 

8. Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic analysis. 

Lancet Glob Health 2014;2(6):e323–33. 

9. Rolnik DL, Wright D, Poon LC, et al. Aspirin versus Placebo in Pregnancies at High Risk for 

Preterm Preeclampsia. N Engl J Med 2017;377(7):613–22. 

10. Beaufils M, Uzan S, Donsimoni R, Colau JC. Prevention of preeclampsia by early antiplatelet 

therapy. Lancet 1985;1(8433):840–2. 



Journal of Cardiovascular Disease Research   
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 4, 2024 

 

1808 

11. Askie LM, Duley L, Henderson-Smart DJ, Stewart LA. Antiplatelet agents for prevention of pre-

eclampsia: a meta-analysis of individual patient data. Lancet 2007;369(9575):1791–8. 

12. Duley L, Meher S, Hunter KE, Seidler AL, Askie LM. Antiplatelet agents for preventing pre-

eclampsia and its complications. Cochrane Database Syst Rev 2019;2019(10). 

13. Wright D, Rolnik DL, Syngelaki A, et al. Aspirin for Evidence-Based Preeclampsia Prevention 

trial: effect of aspirin on length of stay in the neonatal intensive care unit. Am J Obstet Gynecol 

2018;218(6):612. e1-e6. 

 14 .Arad A, Nammouz S, Nov Y, Ohel G, Bejar J, Vadasz Z. The Expression of 

neuropilin-1 in human placentas from normal and preeclamptic pregnancies. Int J 

Gynecol Pathol 2016. 

15.Gobble RM, Groesch KA, Chang M, Torry RJ, Torry DS. Differential regulation of 

human PlGF gene expression in trophoblast and non-trophoblast cells by oxygen 

tension. Placenta 2009; 30(10): 869–875. 

16.Ratsep MT, Carmeliet P, Adams MA, Croy BA. Impact of placental growth factor 

deficiency on early mouse implant site angiogenesis. Placenta 2014; 35(9): 772–775. 

17 .Arroyo J, Price M, Straszewski-Chavez S, Torry RJ, Mor G, Torry DS. XIAP protein is 

induced by placenta growth factor (PLGF) and decreased during preeclampsia in 

trophoblast cells. Syst Biol Reprod Med 2014; 60(5): 263–273. 

18. Desai J, Holt-Shore V, Torry RJ, Caudle MR, Torry DS. Signal transduction and 

biological function of placenta growth factor in primary human trophoblast. Biol 

Reprod 1999; 60(4): 887–892. 

19. Tayade C, Hilchie D, He H, Fang Y, Moons L, Carmeliet P et al. Genetic deletion of 

placenta growth factor in mice alters uterine NK cells. J Immunol 2007; 178(7): 

4267–4275. 

20. Saffer C, Olson G, Boggess KA, Beyerlein R, Eubank C, Sibai BM. Determination of 

placental growth factor (PlGF) levels in healthy pregnant women without signs or 

symptoms of preeclampsia. Pregnancy Hypertens 2013; 3(2): 124–132. 

21. Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF et al. Circulating angio- 

genic factors and the risk of preeclampsia. N Engl J Med 2004; 350(7): 672–683. 

22. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S et al. Excess placental 



Journal of Cardiovascular Disease Research   
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 4, 2024 

 

1809 

soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, hypertension, 

and proteinuria in preeclampsia. J Clin Invest 2003;111(5): 649–658. 

23 Poon LC, Zaragoza E, Akolekar R, Anagnostopoulos E, Nicolaides KH. Maternal 

serum placental growth factor (PlGF) in small for gestational age pregnancy at 

11(+0) to 13(+6) weeks of gestation. Prenat Diagn 2008; 28(12): 1110–1115. 

24.Sanjib Kumar Ghosh • Shashi Raheja •Anita Tuli • Chitra Raghunandan • Sneh Agarwal  

Serum PLGF as a potential biomarker for predicting the onset of preeclampsia Arch Gynecol Obstet 

(2012) 285:417–422 DOI 10.1007/s00404-011-1960-4 

25. Abidoye Gbadegesin*, Joy O. Agbara, Kabiru A. Rabiu, Adekunle A. Sobande, 

Madinah A. Azeez Placenta Growth Factor and Soluble Fms-Like Tyrosine Kinase 1 in 

Preeclampsia and Normotensive Pregnant Nigerian Women. Open Journal of Obstetrics and 

Gynecology, 2021, 11, 753-762. 

26.Shuyuan Xue1, Ying Feng1, Wei Li2, Guifeng Ding1, Predictive Value Analysis of Serum sFlt-1 

and PLGF Levels/Ratio in Preeclampsia Clin. Exp. Obstet. Gynecol. 2022; 49(9): 211 

https://doi.org/10.31083/j.ceog4909211. 

27. Maha Basuni a , Waleed M. Fathya and Wail Gaber Assessment of placental growth factor and 

soluble vascular endothelial growth factor receptor 1 in the prediction of pre-eclampsia Egypt J 

Haematol 37:281–286 c 2012 The Egyptian Society of Haematology.Egyptian Journal of 

Haematology 2012, 37:281–286 

28. Stefan Verlohren, MD; Alberto Galindo, MD; Dietmar Schlembach, MD; Harald Zeisler, MD; 

Ignacio Herraiz, MD; Manfred G. Moertl, MD; Juliane Pape, MD; Joachim W. Dudenhausen, MD; 

Barbara Denk, PhD; Holger Stepan, MD. An automated method for the determination of the sFlt-

1/PIGF ratio in the assessment of preeclampsia. Am J Obstet Gynecol 2010;202:161.e1-11. 

 

 

  



Journal of Cardiovascular Disease Research   
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 4, 2024 

 

1810 

 


