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ABSTRACT

Background-Preeclampsia (PE) is a complicated disorder which is characterized by high blood pressure and proteinuria or the
presence of end-organ dysfunctioning mostly occurring after 20 weeks of pregnancy. It is estimated that this condition affects
between 2 to 5% of pregnancies globally. It is a systemic syndrome that originates from placenta and is associated with an imbalance
between angiogenic factors in the maternal circulation. Now a days, anti-angiogenic factor, namely sFlt-1 (Soluble fms-like tyrosine
kinase 1) and PIGF (Placental induced growth factor) which is a pro-angiogenic factor, have been proposed as promising biomarkers
for predicting the occurrence of preeclampsia (PE) . Soluble fms-like tyrosine kinase 1 (sFlt-1) and PIGF are remarkably disturbed
in preeclampsia. The ratio of maternal serum sFlt-1 to PIGF(sFIt-1/PIGF) has been used to rule out the occurrence of disease. The
aim of this study is to highlight the predictive role of sFIt-1/PIGF ratio with regards to preeclampsia development in third trimester
of pregnancy.

Methods: A comparative study was made on 40 women with PE and 40 age-gestational-age matched women without PE, as case
and control, respectively. Levels of sFlt-1, PIGF and the ratio of sflt-1/PIGF were compared between the two. Receiver Operating
Characteristic (ROC) curve analysis was done to calculate diagnostic accuracy of sFIt-1/PIGF ratio.

Results- - Serum level of sFlt-1 was significantly higher in preeclamptic patients (3487.58+1543.46pg/ml) than in controls
(2824.67+£1050.24pg/ml) whereas PIGF was significantly lower in preeclamptic patients (78.54+152.63pg/ml) than controls
(553.73+263.27pg/ml). The mean sflt-1/PIGF ratio in cases was 78.54+40.37pg/ml which is higher than mean sFlt-1/PIGF of
controls which was 37.14+149.70. When ROC analysis was done sFlt-1/PIGF>22.53 was found giving highest Youden index with
sensitivity of 100% and specificity of 94.87 and AUC=0.94 .

Conclusion-This study looked at the evaluation of sFlt-1 levels, serum PIGF levels and their ratio sFlt-1/PIGF and judging
diagnostic accuracy of sFlt-1/PIGF in preeclamptic females in the third trimester of pregnancy. The level of sFlt-1 was higher in
preeclamptic female whereas PIGF level was low and ratio SFIt-1/PIGF was also on the higher side. Hence the combined
measurement and calculation of their ratio may help in making better diagnosis and more specific disease management.
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Predictive Ability of Ratio of Soluble FMS Like Tyrosine Kinase-1 and Placental Induced Growth Factor (sFlt-1/PIGF) in Diagnosis of
Preeclampsia: A Case Control Study.

INTRODUCTION

Preeclampsia is a multisystemic condition peculiar to
pregnancy and is characterized by endothelial dysfunction[1].
This disease manifests in 5% to 8% of all pregnant females and
remain a problem. It is an important contributor to maternal and
fetal morbidity and mortality throughout the world[2]. The
possible cause of preeclampsia is defective remodelling of
spinal arteries which causes hypoperfusion and systemic
dysfunction[3]. This further causes imbalance of circulating
proangiogenic and antiangiogenic factors[4,5].

The etiology of PE has not been fully elucidated. There is
evidence that maternal endothelial dysfunction due to placental
factors plays a significant role in the pathogenesis of PE [6,7].
Soluble fms-like tyrosine kinase-1 (sFlt-1), an anti-angiogenic
factor secreted by the placenta, binds to vascular endothelial
growth factor (VEGF) and placental induced growth factor
(PIGF) in the maternal circulation. In the bound form, sFlt-1
interacts with membranous tyrosine kinase, which is critical to
the biological activity of sFlt-1. High concentrations of
antiangiogenic factors (e.g., sFlt-1) and low concentrations of
proangiogenic factors (e.g.,VEGF and PIGF) can produce an
antiangiogenic state, leading to general maternal vascular
dysfunction[8, 9] and eventually to hypertension, proteinuria,
and other clinical manifestations of PE[10].

At present, the biggest problem in clinical practice is failure to
identify patients with preeclampsia early. Patients are already
in the middle or late stages of the disease when treated, often
have multiple concurrent organ complications, and need
referral to a tertiary care centre or multidisciplinary treatment
[11]. However, if we can detect and identify high-risk PE
patients early, we may be able to reduce the incidence of PE
and prevent the occurrence of maternal and fetal complications
[12]. Due to the complex pathophysiological

characteristics and clinical unpredictability of PE and the
limited evidence for the detective performance of different
diagnostic methods, there has been no accurate and reliable
diagnostic method for predicting PE till date [13, 14].
Recently, angiogenic factors like sFlt-1 & PIGF are considered
as good candidate biomarkers for prediction of preeclampsia
[15]

It has been observed that in preeclampsia serum sFIt-1 get
increased and PIGF get decreased and the resultant sFlt-1/
PIGF ratio tend to increase [16,17]. The disturbances in these
angiogenic factors occurs prior to onset of other clinical
symptoms hence helpful in screening out females with high risk
for preeclampsia from those having normal pregnancies.

The entire focus of research is based on to investigate the role
of these biomarkers in pathogenesis and development of
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preeclampsia. Hence estimation of these two markers i.e. sFlt-
1 and PIGF and especially their ratio (sFlt-1/PIGF) may play a
better role than single marker in prediction of
preeclampsia[17,18,19].

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
No0147MC/EC/2023 Dated 01/04/2023), and informed written
consent was obtained from all the participants.

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:

Pregnant females with previous history of hypertension.
Severely ill patients.

Pre-existing diagnosed preeclampsia or haemolysis.
Pregnant women with renal diseases.

Pregnant females with multiple fetuses.

Pregnant women with gestational diabetes.

Pregnant women with chronic hypertension.

Pregnant women who didn’t give informed consent.

CNoak~wdE

SAMPLE SIZE: Sample size was calculated at 80% study
power and alpha error of 0.05 assuming SD of 92.43 for sFlt-
1/PIGF ratio in preeclamptic patients as found in the study of
Abidoye Gbadegesin et al., (DOI: 10.4236/0j0og.2021.116070
June 18,2021 Open Journal of Obstetrics and Gynaecology).
For minimum detectable mean difference of 60 in sFlt-1/PIGF
ratio between preeclamptic patients and normotensive patients,
37 patients in each group were required a sample size for
previous study which is further enhance and rounded off to 40
patients in each group as final sample size expecting 10%
attrition.
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Matching:
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

Preeclampsia: A Case Control Study.

Formula used for the calculation of sample size,

_ 2Z,_ertZ, o) %07
p=—sd—t —_

(M -M,)
n = sample size
Z,_o-» = 1.96 (corresponding ‘Z’ value for o< error of 0.05)
Z,_ = 0.84 (corresponding ‘Z’ value for % study power)

o =assumed standard deviation?

Preeclamptic(cases) and non-preeclamptic 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 statical
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

Medical College, Jaipur, during study period were screened variables.

through inclusion and exclusion criteria was approached by the
investigator herself and explained about nature and purpose of

study through participant information sheet (PIS). calculations.
After taking detailed history of participants general and
obstetrics examination was done by co-guide of study and RESULTS

required investigations was done.

Blood samples were taken at recruitment from each participant.
5ml of venous blood has 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 and sflt-1 assayed

using ELISA (sandwich principle) according to manufacturer’s

instructions. For serum, PIGF and sFlt-1 assay kit provided by
Sunlong Research and Diagnostics products were used. All
tests assayed on Bio-Tek ELISA machine provided by
Department of Biochemistry, SMS Medical College and
Hospital, Jaipur.

Patients with blood pressure >140/90 mmHg with proteinuria
>2 considered as preeclamptic patients, and they constitute
group A as case group.

776

P-value <0.05 was taken as significant.
Medcale 16.4 version software has been used for all statistical

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.

while Chi-square test was applied for analysis of qualitative

Levels of Angiogenic Factors in Preeclamptic Women-
Mean PIGF levels in cases were 78.54+152.63pg/ml which
were significantly lower than controls 553.73£263.27 pg/ml.
Mean sFlt-1 levels in cases were (3487.59+1543.46pg/ml)
which  were  significantly
(2824.67+1050.24pg/ml).
Similarly, sFIt-1/PIGF ratio in cases was 78.54+40.37 which

higher than controls

was non-significantly higher than controls 37.14+149.70
Gestational and biological age matched pregnant women were pg/ml.
taken as control group and constituted group B.
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sFit-1/PIGF
100 =
Sensitivity: 100.0
B Specificity: 94.9
- Criterion : >22.53
80 =
60 =
=
= i
= -
ot
% -
40 =
20 =
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(6] 20 40 60 80 100

100-Specificity

Area under the ROC curve (AUC)

0.949

Standard Error

0.0358

95% Confidence interval

0.873 t0 0.986

z statistic

12.540

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 sFlt-1/PIGF ratio to discriminate cases from
controls, it was found that sF1t-1/PIGF ratio >22.53pg/ml was
showing 100.0% sensitivity (95% CI-80.0-100) and 94.87%
specificity (95%CI-82.7-99.4) with AUC of 0.94(95% CI
=0.87-0.98). (Table 2).

DISCUSSION

This study was designed to evaluate the blood levels of PIGF
and sFlt-1 and their ratio sFIt-1/PIGF, in pregnant females
diagnosed with preeclampsia (cases) and compared to pregnant
females without preeclampsia ( controls) in their third trimester
of pregnancy. Additionally, the study explored the possibility
of sFIt-1/PIGF as a predictive marker for preeclampsia.

sFIt-1 and PIGF in preeclampsia development-

In our study, the mean levels of sFlt-1 in cases were
significantly higher as compared to controls.

In a similar study done by Hertig et al.,[20] mean serum sFIt1
concentrations were significantly higher in women with
preeclampsia than in those with normotensive pregnancies.
Similarly, in a study done by Abidoye et al.,[21] where also
maternal serum sFIt-1 was higher in PE compared with
normotensive pregnancies but the stastical difference was non-
significant.

In our study mean PIGF levels were significantly low in cases
in comparison to controls. This was in concordance with the
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study done by Abidoye et al.,[21] where also the mean serum
PIGF were significantly lower in the PE group compared to
normotensive pregnancies .

Similarly, Levine et al.,[16] also find same conclusion in their
study where the PIGF levels were significantly lower in the
preeclamptic pregnant women than in the normotensive
controls.

sFIt-1/PIGF Ratio in preeclampsia development-

In our study, the ratio of sFIt-1/PIGF was non-significantly high
which is in accordance with the study done by Anne Karge et
al.,[22] where also sFIt-1/PIGF ratio was non-significantly
high. Similarly, in a study done by Abidoye et al.,[21]and
Shuyuan Xue et al.,[23] the ratio sFIt-1/PIGF ratio was high,
but the statistical difference was significant.

Present study finds a good predictive role of serum sFlt-1/PIGF
ratio (AUC=0.94) in early diagnosis of PE similar to the study
of Pooneh et al.,[19] and Lim et al.,[24] where they also found
positive predictive role of sFIt-1/PIGF (AUC=0.90 &
AUC=0.85 respectively) for PE. However, sensitivity and
specificity for corresponding cut-off value were not coherent
with the present study.

Limitations-First limitation of this study was the sample size.
Many More studies may be required to determine the cost-
effectiveness of sFlt-1/PIGF ratio as a biomarker for PE
diagnosis in larger population. One more limitation was that it
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was not possible to carry out sampling before the diagnosis of
PE and samples were taken once the diagnosis was made.

Conclusion- Our results demonstrate that the use of sFlt-
1/PIGF ratio may help in making better predictive role for
clinical diagnosis of preeclampsia and may enable better patient
management. Using this ratio might lead to more precise
screening and faster diagnosis of preeclamptic females thus
preventing serious maternal and fetal complications.

REFERENCES

Roberts JM. Endothelial dysfunction in preeclampsia. Semin
Reprod Endocrinol. 1998; 16:5-15. doi: 10.1055/5-2007-
1016248

National high blood pressure education program: working
group report on high blood pressure in pregnancy. Am J Obstet
Gynecol. 2000;183: S1-S22.

Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S,
Libermann TA,Morgan JP, Sellke FW, Stillman IE, et al. Excess
placental soluble fms-like tyrosine kinase 1 (sFltl) may
contribute to endothelial dysfunction, hypertension, and
proteinuria in preeclampsia. J Clin Invest. 2003; 111:649-658.
doi: 10.1172/JCI17189

Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF,
Schisterman EF, Thadhani R, Sachs BP, Epstein FH, et al.
Circulating angiogenic factors and the risk of preeclampsia. N
Engl J Med.2004; 350:672—-683. doi: 10.1056/NEJMo0a031884
Levine RJ, Lam C, Qian C, Yu KF, Maynard SE, Sachs BP,
Sibai BM, Epstein FH, Romero R, Thadhani R, et al; CPEP
Study Group. Soluble endoglin and other circulating
antiangiogenic factors in preeclampsia. N Engl J Med. 2006;
355:992-1005. doi:10.1056/NEJMo0a055352

Tomimatsu T, Mimura K, Matsuzaki S, Endo M, Kumasawa K,
Kimura T. Preeclampsia: Maternal Systemic Vascular Disorder
Caused by Generalized Endothelial Dysfunction Due to
Placental Antiangiogenic Factors.Int J Mol Sci. Aug 3,
2019;20(17) doi:10.3390/ijms20174246

Phipps EA, Thadhani R, Benzing T, Karumanchi SA. Pre-
eclampsia: pathogenesis, novel diagnostics and therapies. Nat
Rev Nephrol. May 2019;15(5):275-289. doi:10.1038/s41581-
019-0119-6.

Rana S, Burke SD, Karumanchi SA. IMBALANCES IN
CIRCULATING  ANGIOGENIC  FACTORS INTHE
PATHOPHYSIOLOGY  OF PREECLAMPSIA  AND
RELATED DISORDERS. Am J Obstet Gynecol. Oct 20, 2020;
doi: 10.1016/j.aj0og.2020.10.022

Ives CW, Sinkey R, Rajapreyar I, Tita ATN, Oparil S.
Preeclampsia-Pathophysiology and Clinical Presentations:
JACC State-of-the-Art Review. J] Am Coll Cardiol. Oct 6,
2020;76(14): 1690-1702.doi: 10.1016/j.jacc.2020.08.014
Burton GJ, Redman CW, Roberts JM, Moffett A. Pre-
eclampsia: pathophysiology and clinical implications. Bmj. Jul
15, 2019;366: 12381. doi:10.1136/bmj.1238]1.

Guidelines for the Diagnosis and treatment of hypertensive
disorders during pregnancy (2020). Chinese Journal of
Obstetrics and Gynecology. 2020;(04):227-228-229-230-231-
232-233-234-235-236-237-238.

Rolnik DL, Wright D, Poon LC, et al. Aspirin versus Placebo in
Pregnancies at High Risk for Preterm Preeclampsia. N Engl J

778 Afr. J. Biomed. Res. Vol. 27, No.3 (October) 2024

Med. Aug 17,
doi:10.1056/NEJMoal704559.
Henderson JT, Thompson JH, Burda BU, Cantor A.
Preeclampsia Screening: Evidence Report and Systematic
Review for the US Preventive Services Task Force. JAMA. Apr
252017;317(16): 1668-1683.d0i:10.1001/jama.2016.18315
Committee Opinion No. 638: First-Trimester Risk Assessment
for Early-Onset Preeclampsia. Obstet Gynecol. Sep
2015;126(3):e25-7. doi:10.1097/a0g.0000000000001049
Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC,
Sennstrom M,Olovsson M, Brennecke SP, Stepan H, Allegranza
D, Dilba P, SchoedIM, Hund M, Verlohren S. Predictive value
of the sFIt-1:PIGF ratio in women with suspected preeclampsia.
N Engl J Med. 2016; 374:13-22.d0i:10.1056/NEJMoa1414838.
Levine, R.J., Maynard, S.E., Qian, C., Lim, K.H., England, L.J.,
et al. (2004) Circulating Angiogenic Factors and the Risk of
Pre-Eclampsia.New England Journal of Medi- cine, 350, 672-
683. https://doi.org/10.1056/NEJMo0a031884.

Zhang, J., Klebanoff, M.A. and Roberts, J.M. (2001) Prediction
of Adverse Out- comes by Common Definitions of
Hypertension in Pregnancy. Obstetrics & Gyne- cology, 97,
261-267. https://doi.org/10.1097/00006250-200102000-00018
Teixeira, P.G., Reis, Z.S., Andrade, S.P., Rezende, C.A., Lage,
E.M,, etal. (2013) Presymptomatic Prediction of Pre-Eclampsia
with  Angiogenic  Factors, in  High-Risk  Pregnant
Women.Hypertension in  Pregnancy, 32, 312-320
https://doi.org/10.3109/10641955.2013.807818

Pooneh Nikuei 1* , Minoo Rajaei 1, Nasibeh Roozbeh 2,
Fatemeh Mohseni3 , Fatemeh Poordarvishi 3, Mohsen Azad 4
and Solmaz Haidari Diagnostic accuracy of sF1t1/PIGF ratio as
a marker for preeclampsia BMC Pregnancy and Childbirth
(2020) 20:80 https://doi.org/10.1186/s12884-020-2744-2.
Hertig, A., Berkane, N., Lefevre, G., Toumi, K., Marti, H.P.,, et
al. (2004) Maternal Serum sFItl Concentration Is an Early and
Reliable Predictive Marker of Pre-Eclampsia. Clinical
Chemistry, 50, 1702-
1703.https://doi.org/10.1373/clinchem.2004.036715

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.
Karge, A.; Desing, L.;Haller, B.; Ortiz, J.U.; Lobmaier,
S.M.;Kuschel, B.; Graupner, O.

Performance of sFlt-1/PIGF Ratio for the Prediction of
Perinatal Outcome in Obese Pre-Eclamptic Women. J. Clin.
Med. 2022, 11, 3023. https://doi.org/10.3390/jcm11113023
Shuyuan Xuel, Ying Fengl, Wei Li2, Guifeng Dingl,
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.ce0g4909211

Lim JH, Kim SY, Park SY, Yang JH, Kim MY, Ryu HM.
Effective prediction of preeclampsia by a combined ratio of
angiogenesis-related factors. Obstet Gynecol.
2008;111(6):1403-9.

2017;377(7):613-622.

Dr Rati Mathur et.al


https://doi.org/10.1056/NEJMoa031884
https://doi.org/10.1097/00006250-200102000-00018
https://doi.org/10.3109/10641955.2013.807818
https://doi.org/10.1186/s12884-020-2744-2
https://doi.org/10.31083/j.ceog4909211

