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Abstract 
Background 

Adverse pregnancy outcomes such as preeclampsia, fetal growth restriction, preterm delivery, and 

oligohydramnios contribute significantly to maternal and perinatal morbidity and mortality. Early identification 

of women at risk allows timely preventive interventions. Maternal serum biomarkers including pregnancy-

associated plasma protein-A (PAPP-A), free beta-human chorionic gonadotropin (β-hCG), and placental 

growth factor (PlGF) have been proposed as early predictors of placental dysfunction and adverse pregnancy 

outcomes. 

Objective 

To evaluate the association of first-trimester maternal serum PAPP-A, free β-hCG, and PlGF levels with 

adverse pregnancy outcomes. 

Methods 

A prospective observational study was conducted among antenatal women between 9 weeks and 13 weeks + 6 

days of gestation attending a tertiary care teaching hospital. Maternal serum PAPP-A, free β-hCG, and PlGF 

were measured during the first trimester using time-resolved fluoroimmunoassay. Participants were followed 

until delivery, and pregnancy outcomes were recorded. Statistical analysis was performed using Mann–Whitney 

U tests and multivariate logistic regression. 

Results 

A total of 123 women were enrolled, and 119 completed follow-up. Preeclampsia occurred in 6.72% of 

pregnancies, while preterm delivery and oligohydramnios occurred in 4.24% each. Gestational diabetes 

mellitus was observed in 2.52%, PROM in 3.36%, and fetal growth restriction in 3.40% of pregnancies. 

Multivariate analysis demonstrated significant associations between serum analytes and preeclampsia 

prediction (p=0.01). PlGF and PAPP-A showed the strongest relationship with preeclampsia risk. No 

significant associations were observed for most other adverse pregnancy outcomes. 

Conclusion 

First-trimester PlGF and PAPP-A are promising biomarkers for the prediction of preeclampsia. Incorporating 

PlGF into routine first-trimester screening may improve early identification of women at risk, allowing 

implementation of preventive measures such as low-dose aspirin therapy and enhanced antenatal surveillance. 
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I. Introduction 
Adverse pregnancy outcomes remain a major public health concern worldwide. Conditions such as 

preeclampsia, fetal growth restriction (FGR), preterm birth, gestational diabetes mellitus (GDM), and placental 

insufficiency are associated with substantial maternal and neonatal morbidity. Increasing evidence suggests that 

the pathophysiological processes underlying these complications originate early in pregnancy, particularly 

during placentation. 

Maternal serum biomarkers measured during the first trimester have emerged as potential tools for 

early risk stratification. PAPP-A and free β-hCG are routinely used in aneuploidy screening, whereas PlGF has 

gained increasing attention as a marker of placental angiogenesis and dysfunction. Abnormal levels of these 

analytes have been associated with impaired placentation and subsequent pregnancy complications. 

This study aimed to evaluate the association between first-trimester maternal serum PAPP-A, free β-

hCG, and PlGF concentrations and adverse pregnancy outcomes in a prospective cohort of pregnant women. 
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II. Materials and Methods 
Study Design 

Prospective observational study. 

Study Setting 

Department of Obstetrics and Gynecology, KAHER’s Dr. Prabhakar Kore Hospital and Medical Research 

Centre, Belagavi, India. 

Study Population 

Pregnant women between 9 weeks and 13 weeks + 6 days gestation attending the antenatal clinic were recruited 

after informed consent. 

Inclusion Criteria 

• Singleton pregnancies 

• Gestational age between 9 and 13+6 weeks 

Exclusion Criteria 

• Pre-existing diabetes mellitus 

• Chronic hypertension 

• Cardiac disease 

• Renal disease 

• Multiple gestation 

Biomarker Assessment 

Maternal venous blood samples were collected during the first trimester. Serum PAPP-A, free β-hCG, and PlGF 

levels were analyzed using AutoDELFIA time-resolved fluoroimmunoassay. 

Outcomes 

Primary adverse pregnancy outcomes included: 

• Preeclampsia 

• Gestational hypertension 

• Fetal growth restriction 

• Preterm delivery 

• Oligohydramnios 

• PROM 

• Gestational diabetes mellitus 

• Chromosomal abnormalities 

 

Statistical Analysis 

Data were analyzed using R software version 4.2.1. Continuous variables were expressed as mean ± 

SD. Associations between serum analytes and outcomes were evaluated using Mann–Whitney U tests and 

multivariate logistic regression. Statistical significance was defined as p < 0.05. 
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Results 

Strobe Diagram
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A total of 123 women were enrolled, with 119 completing follow-up. The mean maternal age was 27.8 ± 4.55 

years. Most participants were primigravidae (60.5%) and conceived spontaneously (97.5%). 

The incidence of adverse pregnancy outcomes included: 

• Preeclampsia: 6.72% 

• Preterm delivery: 4.24% 

• Oligohydramnios: 4.24% 

• Gestational diabetes mellitus: 2.52% 

• PROM: 3.36% 

• Fetal growth restriction: 3.40% 

Multivariate analysis demonstrated a statistically significant association between first-trimester serum analytes 

and preeclampsia prediction (p=0.01). PlGF and PAPP-A contributed meaningfully to risk assessment, while β-

hCG showed a weaker predictive role. 

PROM showed a significant association with elevated PlGF levels. However, no significant associations were 

found between serum analytes and preterm labor, oligohydramnios, gestational diabetes mellitus, or fetal growth 

restriction. 

Only one participant demonstrated increased risk for Down syndrome, while all others screened negative for 

trisomy 18 and trisomy 13. 

Discussion 

This study supports the growing evidence that first-trimester biomarkers reflect placental function and may 

identify women at increased risk of preeclampsia. PlGF, a proangiogenic factor essential for placental vascular 

development, showed particular promise when combined with traditional dual-marker screening. 

The findings align with previous studies demonstrating improved predictive performance when PlGF is 

incorporated into first-trimester screening models. Early identification of high-risk pregnancies provides an 

opportunity for preventive interventions, including low-dose aspirin therapy and intensified antenatal 

surveillance. 

The absence of significant associations with other adverse outcomes may be attributed to the relatively small 

sample size and widespread aspirin use among high-risk participants, which may have modified disease 

occurrence. 

Strengths and Limitations 

Strengths 

• Prospective study design 

• First-trimester biomarker assessment 

• Follow-up until delivery 
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Limitations 

• Single-center study 

• Modest sample size 

• Potential confounding effect of aspirin prophylaxis 

• Limited number of adverse outcome events 

 

III. Conclusion 
First-trimester maternal serum PlGF and PAPP-A demonstrate potential utility in predicting 

preeclampsia. Incorporation of PlGF into routine first-trimester screening may improve identification of women 

at risk for placental dysfunction and hypertensive disorders of pregnancy. Larger multicenter studies are needed 

to validate these findings and determine the clinical value of integrating PlGF into universal antenatal screening 

programs. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

Funding 

No external funding was received for this study. 

Ethical Approval 

The study was conducted following institutional ethical approval and informed consent from all participants. 

 

References 
[1]. . C for D. C. and Prevention and C. for D. C. and Prevention, “CDC 24/7: saving lives, protecting people,” CDC-Pregnancy 

Complicat. Heal. [database Internet], 2016 

[2]. Tadese M, Dagne K, Wubetu AD, Abeway S, Bekele A, Misganaw Kebede W, Baye Mulu G. Assessment of the adverse pregnancy 

outcomes and its associated factors among deliveries at Debre Berhan Comprehensive Specialized Hospital, Northeast Ethiopia. 
PloS one. 2022 Jul 8;17(7):e0271287.: e0271287) https://doi.org/10.1371/journal.pone.0271287) 

[3]. Ilekis JV, Tsilou E, Fisher S, Abrahams VM, Soares MJ, Cross JC, Zamudio S, Illsley NP, Myatt L, Colvis C, Costantine MM, 

Haas DM, Sadovsky Y, Weiner C, Rytting E, Bidwell G. Placental origins of adverse pregnancy outcomes: potential molecular 

targets: an Executive Workshop Summary of the Eunice Kennedy Shriver National Institute of Child Health and Human 

Development. Am J Obstet Gynecol. 2016 Jul;215(1 Suppl):S1-S46. doi: 10.1016/j.ajog.2016.03.001. Epub 2016 Mar 10. PMID: 

26972897; PMCID: PMC4925329. 
[4]. Zhong Y, Tuuli M, Odibo AO.First-trimester assessment of placenta function and the prediction of preeclampsia and intrauterine 

growth restriction. Prenat Diagn. 2010 Apr;30(4):293-308. doi: 10.1002/pd.2475. PMID: 20166149.) 

[5]. Huang T, Bedford HM, Rashid S, Rasasakaram E, Priston M, Mak-Tam E, Gibbons C, Meschino WS, Cuckle H, Mei-Dan E. 
Modified multiple marker aneuploidy screening as a primary screening test for preeclampsia. BMC Pregnancy Childbirth. 2022 Mar 

8;22(1):190. doi: 10.1186/s12884-022-04514-4. PMID: 35260099; PMCID: PMC8903171. 

[6]. ( Zhong, Y., Zhu, F. & Ding, Y. Serum screening in first trimester to predict pre-eclampsia, small for gestational age and preterm 
delivery: systematic review and meta-analysis. BMC Pregnancy Childbirth 15, 191 (2015). 

[7]. Bogart MH, Pandian MR, Jones OW. Abnormal maternal serum chorionic gonadotropin levels in pregnancies with fetal 

chromosome abnormalities. Prenatal diagnosis. 1987 Nov;7(9):623-30. 
[8]. Banerjee P, Fazleabas AT. Extragonadal actions of chorionic gonadotropin. Reviews in Endocrine and Metabolic Disorders. 2011 

Dec;12(4):323-32. 

[9]. Wortelboer EJ, Koster MP, Kuc S, Eijkemans MJ, Bilardo CM, Schielen PC, Visser GH. Longitudinal trends in fetoplacental 
biochemical markers, uterine artery pulsatility index and maternal blood pressure during the first trimester of pregnancy. Ultrasound 

in obstetrics & gynecology. 2011 Oct;38(4):383-8. 

[10]. Liu HQ, Wang YH, Wang LL, Hao M. Predictive value of free β-hCG multiple of the median for women with preeclampsia. 

Gynecologic and Obstetric Investigation. 2016;81(2):137-47. 

[11]. Ding X, Yang KL. Antibody-free detection of human chorionic gonadotropin by use of liquid crystals. Analytical chemistry. 2013 
Nov 19;85(22):10710-6. 

[12]. El-Baradie SM, Mahmoud M, Makhlouf HH. Elevated serum levels of interleukin-15, interleukin-16, and human chorionic 

gonadotropin in women with preeclampsia. Journal of Obstetrics and Gynaecology Canada. 2009 Feb 1;31(2):142-8. 
[13]. Karahasanovic A, Sørensen S, Nilas L. First trimester pregnancy-associated plasma protein A and human chorionic gonadotropin-

beta in early and late pre-eclampsia. Clinical chemistry and laboratory medicine. 2014 Apr 1;52(4):521-5. 

[14]. Zheng Q, Deng Y, Zhong S, Shi Y. Human chorionic gonadotropin, fetal sex and risk of hypertensive disorders of pregnancy: a 
nested case-control study. Pregnancy Hypertension: An International Journal of Women's Cardiovascular Health. 2016 Jan 

1;6(1):17-21. 

[15]. Lee LC, Sheu BC, Shau WY, Liu DM, Lai TJ, Lee YH, Huang SC. Mid‐trimester β‐hCG levels incorporated in a multifactorial 
model for the prediction of severe pre‐eclampsia. Prenatal Diagnosis: Published in Affiliation With the International Society for 

Prenatal Diagnosis. 2000 Sep;20(9):738-43. 

[16]. Long W, Zhou Q, Wang H, Lu B, Chen Y, Zhang B, Zhou W, Yu B. Second-trimester maternal serum screening biomarkers in the 
risk assessment for preeclampsia. Annals of Clinical & Laboratory Science. 2018 May 1;48(3):308-13. 

[17]. Papastefanou I, Chrelias C, Siristatidis C, Kappou D, Eleftheriades M, Kassanos D. Placental volume at 11 to 14 gestational weeks 

in pregnancies complicated with fetal growth restriction and preeclampsia. Prenatal Diagnosis. 2018 Nov;38(12):928-35. 

[18]. Yu N, Cui H, Chen X, Chang Y. First trimester maternal serum analytes and second trimester uterine artery Doppler in the 

prediction of preeclampsia and fetal growth restriction. Taiwanese journal of obstetrics and Gynecology. 2017 Jun 1;56(3):358-61. 

[19]. Kim SY, Kim HJ, Park SY, Han YJ, Choi JS, Ryu HM. Early prediction of hypertensive disorders of pregnancy using cell-free fetal 
DNA, cell-free total DNA, and biochemical markers. Fetal diagnosis and therapy. 2016;40(4):255-62. 

[20]. Butler SA, Iles RK. The free monomeric beta subunit of human chorionic gonadotrophin (hCGβ) and the recently identified 

homodimeric beta-beta subunit (hCGββ) both have autocrine growth effects. Tumor Biology. 2004;25(1-2):18-23.  

https://doi.org/10.1371/journal.pone.0271287


Association of First-Trimester Maternal Serum PAPP-A, Free β-hCG, and Placental Growth .. 

DOI: 10.9790/0853-2506030105                                    www.iosrjournals.org                                            Page | 5 

[21]. Eldar-Geva TA, Hochberg AB, deGroot NA, Weinstein D. High maternal serum chorionic gonadotropin level in Downs' syndrome 

pregnancies is caused by elevation of both subunits messenger ribonucleic acid level in trophoblasts. The Journal of Clinical 
Endocrinology & Metabolism. 1995 Dec 1;80(12):3528-31. 

[22].  Oberweis D, Gillerot Y, Koulischer L, Hustin J, Philippe E. The placenta in trisomy in the last trimester of pregnancy. Journal de 

Gynecologie, Obstetrique et Biologie de la Reproduction. 1983 Jan 1;12(4):345-9.  
[23]. Stenman UH, Tiitinen A, Alfthan H, Valmu L. The classification, functions and clinical use of different isoforms of HCG. Human 

reproduction update. 2006 Nov;12(6):769-84.  

[24]. Trenti T, Aloe R, Cervellin G, Lippi G. Human chorionic gonadotropin in pregnancy diagnostic. Clin Chim Acta. 2011;412(17-
18):1515-20. 

[25].  Reis FM, D’Antona D, Petraglia F. Predictive value of hormone measurements in maternal and fetal complications of pregnancy. 

Endocrine reviews. 2002 Apr 1;23(2):230-57. 
[26]. Lin TM, Halbert SP, Kiefer D, Spellacy WN, Gall S. Characterization of four human pregnancy-associated plasma proteins. 

American journal of obstetrics and gynecology. 1974 Jan 15;118(2):223-36. 

[27]. Conover CA. Key questions and answers about pregnancy-associated plasma protein-A. Trends in Endocrinology & Metabolism. 
2012 May 1;23(5):242-9. 

[28]. Conover CA, Bale LK, Overgaard MT, Johnstone EW, Laursen UH, Füchtbauer EM, Oxvig C, van Deursen J. Metalloproteinase 
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