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Abstract
Purpose Preeclampsia (PE) affects 5–7% of the pregnancies worldwide, and is one of the most dreaded disorders of preg-
nancy contributing to maternal and neonatal mortality. PE is mostly presented in the third trimester of pregnancy. Here, we 
used serum placental growth factor (PIGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) to develop a model for predicting 
PE in Indian women in early second trimester.
Methods In this case–control study, a total 1452 healthy pregnant women were recruited. Blood samples were collected at 
the following gestational weeks (GWs), 12–20 (GW1), 21–28 (GW2) and 29-term (GW3), and post-delivery. Body mass 
index (BMI) was calculated by anthropometric measurements. Serum sFlt-1, PIGF and VEGF were analyzed by ELISA. A 
predictive model for PE was developed using multivariable logistic regression analysis.
Results In PE cases, serum PlGF and VEGF levels were significantly lower at each GW, while serum sFlt-1 was lower only at 
GW1, relative to age-matched controls, (n = 132/group). Age-matched comparison between PE cases and controls indicated 
that sFlt-1 was associated with decreased PE outcome (Odds ratio. OR = 0.988, CI = 0.982–0.993), whereas sFlt-1/PlGF 
ratio (OR = 1.577, CI = 1.344–1.920) and BMI (OR = 1.334, CI = 1.187–1.520) were associated with increased PE outcome. 
Logistic regression was used to develop a predictive model for PE at GW1. Using testing dataset, model was externally 
validated which resulted in 88% accuracy in predicting PE cases at 0.5 probability cutoff.
Conclusion Prediction model using sFlt-1, sFlt-1/PlGF ratio and BMI may be useful to predict PE as early as 12–20 weeks 
in women with optimal sensitivity and specificity.
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Introduction

Preeclampsia (PE) is a life threatening disorder of preg-
nancy characterized by new-onset hypertension (blood 
pressure ≥ 140/90 mmHg), along with one or more of fol-
lowing: proteinuria, uteroplacental dysfunction and evidence 
of other maternal organ dysfunction [1, 2]. In 2015, hyper-
tensive disorder of pregnancy and especially preeclampsia, 
accounted for 14% of the overall global maternal mortality 
ratio of 216 per 100,000 live births, with highest proportion 
of deaths in low and middle income middle countries [1, 3]. 
Worldwide, the incidence of PE ranges between 2 and 10% 
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of pregnancies, lack of early detection and unavailability 
of reliable markers for PE makes the situation worse, espe-
cially in developing countries [2]. PE is presented mostly in 
the third trimester of pregnancy. Thus, early prediction of 
PE would significantly lower the associated morbidity and 
mortality by timely clinical management.

During pregnancy, angiogenesis is facilitated by angio-
genic growth factors such as vascular endothelial growth 
factor (VEGF) and placental growth factor (PlGF). Con-
versely, soluble fms-like tyrosine kinase-1 (sFlt-1) acts as 
an antagonist which binds to VEGF and PlGF and inhibits 
them from activating cognate receptors to promote vascu-
lar homeostasis. An imbalance of these factors plays a key 
role in pathogenesis of preeclampsia and has been used to 
predict PE [3]. An elevation in sFlt-1 levels and reduced 
levels of PlGF and VEGF has been reported to contribute 
to endothelial dysfunction, hypertension and proteinuria in 
PE cases [3–5]. Besides, recent cohort studies from western 
countries further suggest the use of sFlt-1/PlGF ratio (a cut-
off level ≤ 38 between gestational weeks 26 to 34) for ruling 
out PE possibility in patients with suspicion of the disease 
[4, 6]. However, a clear recommendation for cutoff to predict 
PE in early second trimester in pregnant women without 
any suspicion/known risk for PE is still lacking. Besides, 
ethnicity, geographic and social diversity sociodemographic 
and socioeconomic characteristics of pregnant women are 
important to be considered for setting up a universal cutoff 
range for early PE diagnosis [4, 6–9]. In this longitudinal 
study, serum sFlt-1, PlGF and VEGF levels were estimated 
in normotensive Indian women, who showed up at antena-
tal clinics between gestational weeks 12–20. The aim of 
the study was to determine the time course regulation of 
circulating anti-angiogenic (sFlt-1), and angiogenic fac-
tors (PlGF, VEGF) during the course of pregnancy, and to 
develop a model for early prediction of preeclampsia with 
optimal sensitivity and specificity.

Materials and Methods

The nested case–control study was carried out with the 
approval of the King George’s Medical University, Uttar 
Pradesh ethics committee (XLIII ECM/B-P15). Total 1452 
healthy women with singleton pregnancy were included 
with their written consent. Women with history of essential 
hypertension, renal disease, epilepsy, diabetes or any other 
chronic or pre-existing disease were excluded from the study. 
Women with gestational hypertension, missing specimens or 
data were also excluded. The gestational age of women, at 
the time of collection, was determined by ultrasonographic 
examination.

Among 1452 registered, 132 women were diagnosed with 
PE according to diagnostic criteria of PE (systolic blood 

pressure at ≥ 140 mmHg and/or the diastolic blood pres-
sure at ≥ 90 mmHg and accompanied by ≥ 1 of the follow-
ing new-onset conditions at or after 20 weeks’ gestation: (i) 
proteinuria (i.e., ≥ 30 mg/mol or ≥ 2 + dipstick); (ii) evidence 
of other maternal organ dysfunction, including: acute kidney 
injury (creatinine ≥ 90umol/L; 1 mg/dL), liver involvement 
(elevated transaminases, e.g., alanine aminotransferase or 
aspartate aminotransferase > 40 IU/L) neurological com-
plications (e.g., eclampsia, altered mental status, blindness, 
stroke, clonus, severe headaches, and persistent visual sco-
tomata), or hematological complications (thrombocytope-
nia–platelet count < 150,000/µL) or (iii) uteroplacental dys-
function such as fetal growth restriction, abnormal umbilical 
artery, Doppler waveform analysis) [10]. From the rest, age-
matched normotensive women (n = 132) were selected as 
control group. Peripheral blood samples were collected from 
these subjects at different gestational weeks (GWs) catego-
rized as GW1: 12–20 weeks, GW2: 21–28 weeks and GW3: 
29 weeks-term and 48 h post-delivery. Serum was separated 
and stored in multiple aliquots at −80 °C for estimation of 
sFlt-1, VEGF and PlGF.

Estimation of sFlt1, VEGF and PlGF by Serum ELISA

Commercially available enzyme-linked immunosorb-
ent assay (ELISA) kits were used as per manufacturer’s 
instructions for estimation of sFlt1 (e-Bioscience, USA), 
PlGF (USCN Life Science Inc., China) and VEGF (Koma 
Biotech., Korea). The minimal detection limit of assay for 
sFlt1, PlGF and VEGF was less than 30 pg/ml, 6.8 pg/ml 
and 16 pg/ml, respectively.

Statistical Analysis

Chi-square tests were used for comparing categorical vari-
ables, and Student’s t-test/Mann Whitney U test was used 
for continuous variables wherever applicable. To test the 
difference in PlGF, VEGF and sFlt-1 between PE cases and 
controls, the variables under study did not met the assump-
tions of parametric tests even after testing with transforma-
tions; therefore, non-parametric alternative of 2 sample t test 
was used (P value less than 0.05 was considered statistically 
significant).

Prediction Model

Multivariable logistic regression was performed to predict 
the occurrence of PE in pregnant women before 20 weeks of 
their gestation with normal blood pressure. Various maternal 
parameters from normotensive women were considered as 
potential predictors and divided in training and validation 
data set. Finally, sFlt-1, sFlt-1/PlGF ratio and BMI were 
selected through logistic regression model. The accuracy of 



301Model for Early Prediction of Preeclampsia

1 3

the model was tested by calculating the expected frequency 
with the observed frequency of the outcome at different 
levels of predicted probability cutoffs. Receiver operating 
characteristics (ROC) curve and area under curve (AUC) 
with 95% C.I. were used to evaluate the performance of the 
model. All analyses were performed using SPSS and R soft-
ware (version 3.6.0).

Results

Demographic and Clinical Parameters

The basic characteristics of two groups at enrollment are 
summarized in Table 1. The characteristics such as height 

and weight were significantly low in cases than controls. In 
cases, blood pressure levels were higher than controls both 
at the time of enrollment as well as at post-delivery. With 
increasing gestational weeks, we observed a significantly 
higher rise in blood pressure (SBP and DBP) than controls 
(Table 2). Further, cases have 21% preterm (< 37 weeks) 
birth compared to 8% in controls. Besides, a higher per-
centage of infants (31%) born to cases were small for their 
GA (< 10 percentile) and had lower infant birth weights 
than controls (Table 1).

Table 1  Demographic and 
clinical characteristics of 
pregnant women enrolled in the 
study and pregnancy outcomes

Abbreviations: SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, *statistical significance was 
measured using 2 sample t test, and for others, Mann Whitney U test, 2 sample t test and χ2 test were used 
wherever applicable

Variables Group 1 (Controls) Group 2 (Cases) P value
N = 132 N = 132

Age (Mean ± SD) 25.39 ± 0.35 25.58 ± 0.35 0.638
Height (Mean ± SD) 157.32 ± 0.44 149.48 ± 0.49 0.000
Weight (Mean ± SD) 54.21 ± 0.69 56.56 ± 0.68 0.030
BMI (Mean ± SD)* 21.96 ± 0.30 25.42 ± 0.35 0.000
Religion (n, %)
Hindu 112 (84.8%) 117 (88.6%)
Muslim 20 (15.2%) 15 (11.4%) 0.364
Socio Economical Status (SES)
Lower income group 7 (5.3%) 5 (3.8%)
Middle income group 97 (73.5%) 98 (74.2%)
Upper income group 28 (21.2%) 29 (22.0%) 0.837
Diet
Vegetarian 113 (85.6%) 111 (84.1%)
Non-vegetarian 19 (14.4%) 21 (15.9%) 0.731
Parity
Primigravida 42 (31.8%) 54 (40.9%)
Multigravida 90 (68.2%) 78 (59.1%) 0.125
Gestational age at enrollment 16.12 ± 2.47 16.15 ± 2.57 0.952
SBP at enrollment (Mean ± SE) 112.23 ± 1.12 122.11 ± 0.58 0.000
DBP at enrollment (Mean ± SE) 62.17 ± 0.52 74.18 ± 0.46 0.000
Gestational age at delivery 38.30 ± 1.13 37.47 ± 1.31 0.000
SBP at post-delivery (Mean ± SE) 108.39 ± 0.83 120.41 ± 0.53 0.000
DBP at post-delivery (Mean ± SE) 60.70 ± 0.42 77.17 ± 0.45 0.000
Delivery Period (n, %)
Preterm(< 37 weeks) 8 (6.1%) 28 (21.2%)
Term(≥ 37 weeks) 124 (93.9%) 104 (78.8%) 0.000
Gestational Age (J)
AGA (≥ 10 percentile) 127 (96.2%) 101 (76.5%)
SGA (< 10 percentile) 5 (3.8%) 31 (23.5%) 0.000
Infants birth weight (kg) 2.94 ± 0.03 2.59 ± 0.03 0.000
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Measurement of PlGF, VEGF and sFlt‑1 Levels

Inadequate Rise in PlGFin Cases than Controls During 
Pregnancy

A progressive rise in the serum PLGF levels was observed 
with increasing GWs in both cases and controls. The lev-
els of PlGF in controls were 2.48-fold higher in GW2 and 
peaked to 4.05-fold in GW3 when compared to their levels 
in GW1 (Table 3). However, in cases, PlGF showed only 
modest increase in 2.09-fold in GW2 and 2.52-fold in GW3 
compared from their GW1 values. Moreover, at each GW, 
the serum PLGF levels were significantly less in cases as 
compared to controls. At post-delivery, PlGF levels dropped 
in both controls and cases, and no significant difference was 
observed in their final concentrations. Overall, the results 
indicated that PlGF levels remained low throughout GWs in 
cases and did not have adequate rise as compared to controls.

Rise in VEGF Levels in Cases than Controls During 
Pregnancy

Similar to PlGF, basal level of VEGF was significantly 
lower in cases throughout the GWs and also post-deliv-
ery, compared to controls (Table 3). However, contrary 
to PlGF, the rise in VEGF levels was modestly higher in 
cases than control. In controls VEGF levels increased ini-
tially to 1.55 fold in GW2, and later this rise was reduced 
and limited to 1.29 fold and 1.21 in GW3 and post-deliv-
ery period, respectively. In cases, VEGF levels rose to 
1.72 and 1.82 in GW2 and GW3, respectively, and peaked 
to 2.03 fold post-delivery. These results indicated that 
although VEGF levels remained low throughout pregnancy 
similar to PlGF, however, its level increased progressively 
only in cases till post-delivery.

Table 2  Median blood pressure 
during gestational weeks

Data are expressed as median (IQR). Friedman ANOVA was used to test for the trend of blood pressure 
across different weeks of gestation. Abbreviations: GW: Gestation Week, IQR: Inter Quartile Range

Median (IQR) P value

GW1 (12–20 weeks) GW2 (21–28 weeks) GW3 (29 week-term) Post-delivery

Control
SBP 112

(102–124)
115
(106–128)

122
(114–130)

110
(100.50–116)

 < 0.001

DBP 62
(58–66)

66
(62–70)

68
(66–72)

60
(58–64)

 < 0.001

Cases
SBP 122

(118–126)
132
(128–136)

146
(142–152)

120
(116–122)

 < 0.001

DBP 74
(70–78)

84
(82–88)

94
(92–98)

78
(74–80)

 < 0.001

Table 3  Measurement of PlGF, 
VEGF and sFlt-1 levels during 
pregnancy

Bold, Bolditalics specifies the fold change with respect to GW1
Data are expressed as median. Mann Whitney U test was used for comparison

Markers (pg/ml) Groups GW1 GW2 GW3 Post-delivery

PlGF Control 56.44 140.45
(2.48 fold)

228.90
(4.05 fold)

32.00
(0.56 fold)

Cases 31.67* 66.37*
(2.09 fold)

80.10*
(2.5 fold)

32.30
(1.01fold)

VEGF Control 179.00 278.00
(1.55 fold)

231.50
(1.29 Fold)

218.00
(1.2 fold)

Cases 90.93* 157.01*
(1.72 fold)

166.26*
(1.82 fold)

185.28*
(2.03)

sFlt-1 Control 302.00 476.00
(1.57 fold)

1676.50
(5.55 fold)

230.50
(0.76 fold)

Cases 239.00* 590.00*
(2.46 fold)

7106.00*
(29.73 fold)

400.50*
(1.67 fold)



303Model for Early Prediction of Preeclampsia

1 3

Higher sFlt‑1 Levels in Cases than Controls During 
Pregnancy

Initially, the basal level of sFlt-1 was significantly lower in 
cases than control in GW1; a progressive rise in sFlt-1 levels 
from GW2 to GW3 was observed in both cases and controls, 
but post-delivery these levels significantly dropped in both 
groups (Table 3). Controls showed 1.5 and 5.55 fold increase 
in GW2 and GW3, respectively, from GW1, while most 
importantly in cases this increase was 5.51 fold in GW2 and 
peaked at 29.73 fold in GW3. Overall, the sFlt-1 levels were 
increased significantly during GW2 and GW3 with cases 
have a greater increase in sFlt-1 levels at GW3 (Table 3).

Prediction Model for Early Detection 
of Preeclampsia in Normotensive Controls

A prediction model was developed for detecting PE in preg-
nant women before 20 weeks. A total of 226 out of 264 
participants were found normotensive according to the EHS 
guidelines. Multivariable logistic regression was performed 
with the aim to study the independent factors to predict the 
occurrence of PE in pregnant women before 20 weeks of 
their gestation with normal blood pressure. Therefore, the 

data were first categorized into training and validation sets. 
Training set included 70% of randomly selected sample 
(n = 159) from normotensive participants, which were tested 
for the significant association of each variable (as listed in 
Table 1) through univariate analysis. These variables were 
than tested for multi-colinearity and associations, and found 
that sFlt-1, sFlt-1/PlGF ratio and BMI were not correlated 
(r ≤ 0.2) or associated (χ2; P > 0.05) with each other and 
therefore included in the final model (Table 4). For external 
validation of the model, remaining 30% of the normoten-
sive data (validation data) with these selected variables were 
used to calculate the prediction probabilities. Accuracy of 
the model was determined by testing the expected frequency 
of the outcome with the observed frequency at 50% prob-
ability cutoff. ROC curve and AUC with 95% CI were used 
to evaluate the performance of the model (Fig. 1). We found 
that sFlt-1 was associated with decreased PE (OR = 0.988, 
CI = 0.982–0.993), whereas sFlt-1/PlGF ratio (OR = 1.577, 
CI = 1.344–1.920) and BMI (OR = 1.334, CI = 1.87–1.520) 
were associated with increased PE (Table 4). Using vali-
dation data set, this model resulted in approximately 88% 
accuracy in predicting cases at 0.5 probability cutoff. ROC 
resulted in 89% sensitivity and 87% specificity with AUC 
of 0.9542, CI: (0.9124–0.996) at 0.50 predicted probability 

Table 4  Analysis of parameters 
for multi-colinearity and 
associations

Summary of the proposed prediction model. Exp(B) represents the adjusted odds ratio

Model Parameters Coefficient Standard Error Exp(B) 95% CI for Exp(B)

sFlt-1  − 0.011 0.002 0.988 0.982–0.993
sFlt-1/PlGF 0.455 0.090 1.577 1.344–1.920
BMI 0.288 0.062 1.334 1.187–1.520
Constant  − 7.046 1.694

Fig. 1  Receiver operating char-
acteristics (ROC) curve for PE 
prediction model. ROC curve 
and AUC with 95% C.I. were 
used to evaluate the perfor-
mance of the model
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cutoff suggesting to be better in screening for PE when com-
pared to sFlt/PlGF ratio alone in 12–20 weeks of gestation 
(Table 5). Using sFlt-1, sFlt-1/PlGF and BMI values, the 
given formula may be used for predicting PE.

 

Discussion

Despite the limited numbers of reports, an imbalance of 
circulating anti-angiogenic (sFlt1) and angiogenic factors 
(PlGF, VEGF) levels has been proposed to contribute in the 
genesis of preeclampsia and therefore, could predict PE [3, 
11–13]. Individual levels of one or more of these factors in 
combination of maternal characteristics and obstetric history 
were shown to predict PE as early as 11th week of gestation 
[14–16]. However, in the meta-analysis by Kleinrouweler 
et al., the test accuracy of angiogenic/anti-angiogenic fac-
tors was found too weak for accurate prediction of onset 
of preeclampsia in the clinical setting [16, 17]. The meta-
analysis had several studies from various countries, but did 
not contain even a single study from India. Nevertheless, the 
meta-analysis also emphasized that a generalized ‘abnormal’ 
value of angiogenic/anti-angiogenic factors is too risky to be 
used for preeclampsia prediction. Since ‘normal’ values for 
these factors may vary between individuals and with ethnic 
and socioeconomic variations, a relative change in these fac-
tors could be tried as an approach for diagnosis. Here, we 
report temporal changes in maternal VEGF, PlGF and sFlt-1 
levels during pregnancy in a cohort of Indian women. We 
found lower levels of PlGF and VEGF throughout pregnancy 
in women who developed PE. These women also showed 
an excessive increase in sFlt-1 levels compared to pregnant 
women who remained normaotensive. Besides, an early pre-
diction model for PE, as early as GW 20, has been developed 
using the following parameters: sFlt-1, sFlt-1/PlGF ratio and 
BMI data, with ~ 88% accuracy.

��(��) =
e
−7.046+0.455*Ratio+0.288*BMI−0.011*sFlt−1

1 + e
−7.046+0.455*Ratio+0.288*BMI−0.011*sFlt−1

Previous studies have suggested that higher sFlt-1 lev-
els and lower PlGF levels could predict PE in < 34 weeks 
of pregnancy [11, 17]. Although these changes are more 
pronounced in preeclamptic women, this inverse relation 
between sFlt-1 and PlGF was also reported in normotensive 
controls, especially at the last two months of pregnancy [3]. 
In recent years, sFlt-1/PlGF ratio has been used for predict-
ing PE; however, the optimal values for cutoff ratio vary 
and depend on gestational weeks and several other maternal 
parameters [17–23]. In this study, we observed lower lev-
els of PlGF in PE cases compared to age-matched controls. 
Unlike, studies that reported higher circulating total VEGF 
in women with preeclampsia compared to controls; in our 
study, VEGF levels also remained low throughout preg-
nancy. In most of these studies, VEGF levels were estimated 
in the third trimester after the PE diagnosis [11, 24–28]. Fur-
ther, radioimmunoassay was used for VEGF measurements, 
which may not differentiate between total and free VEGF as 
compared to ELISA-based method that specifically measure 
free VEGF [11, 27, 28]. There are conflicting reports about 
the association between sFlt-1 levels and adverse pregnancy 
outcomes [11]. In pregnant rats, Jiang et al. showed that 
high levels of circulating sFlt-1 precede the development 
of preeclampsia like phenotype [27]. However, in human 
studies, high concentration of sFlt-1 (before clinical onset of 
disease) was associated with increased risk of preeclampsia 
late in second trimester [12, 15, 28]. Other studies failed to 
show any association of preeclampsia with sFlt-1.

Our study suggested that although sFlt-1 levels were 
significantly low in cases compared to controls at early 
weeks (12–20 week), it progressively increased in cases at 
much higher levels from 20th week onwards and peaked at 
29 weeks-term. Since hypoxia during pregnancy is consid-
ered as a major stimulus for rise in sFlt-1 levels, it antago-
nizes the functions of angiogenic factors leading to endothe-
lial dysfunctions [29, 30]. Although we did not measure the 
hypoxia in this study, the inadequate rise in PlGF and VEGF 
levels was observed in PE cases.

As mentioned earlier, a balance between these factors 
is required for healthy pregnancy, and several prospec-
tive multi-centric studies have utilized sFlt-1/PlGF ratio 
to predict PE [6, 19, 21]. One of the recent prognostic 

Table 5  Sensitivity, specificity 
and ROC analysis of sFlt-1, 
PlGF and ratio

Sensitivity–specificity tradeoff and AUC trend of previously studied PE parameters and the proposed 
model

Variables Cutoff Sensitivity 
(%)

Specificity 
(%)

P value AUC 95%CI

Model 0.5055 89 87 Ref. 0.9542 0.9124–0.996
PlGF 53.71 96 56 0.014 0.8846 0.8081–0.9612
sFlt-1 261.31 85 66  < 0.001 0.7418 0.6129–0.8706
Ratio 5.40 92 56 0.012 0.8544 0.7639–0.9448
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studies suggested a cutoff vale of < 38 for sFlt-1/PlGF 
ratio to rule out PE during 24–36 weeks of gestation in 
clinically suspected cases. In our study, we utilized sFlt-1, 
sFlt-1/PlGF ratio and BMI variables from normotensive 
subjects (women with no/low risk for PE) and developed 
a model to predict PE as early as 12–20 weeks with 89% 
sensitivity and 87% specificity. Several other prediction 
models, using combinations of physiological and clinical 
parameters, were previously reported; however, our model 
could predict at relatively earlier GW with better diagnos-
tic power compared to most of these models [14, 15, 17, 
31, 32]. For example, Baschat et al. reported a first-tri-
mester prediction model with 55% sensitivity with a 10% 
false positive rate using clinical variables such as maternal 
blood pressure, history of prior PET, diabetes, null parity, 
and low PAPP-A [31]. Similarly, another prediction model 
resulted in 67% sensitivity and 96% specificity for predict-
ing PE at 24 weeks based on sFlt-1 levels [32]. In STEPS 
study, an early onset PE prediction model was developed 
using sFlt-1/PlGF ratio, mean arterial pressure, parous and 
previous PE as parameters to PE from 20 weeks onwards 
with ~ 60% sensitivity [17].

Conclusion

In summary, our data suggest that inadequate rise in the 
concentration of PlGF and VEGF; during early course of 
pregnancy could be used in the clinic as biomarkers to pre-
dict the onset of preeclampsia. In addition, the formulae 
developed by us using sFlt-1, sFlt-1/PlGF ratio and BMI 
variables could predict preeclampsia as early as 12–20 week 
of gestation, with optimal sensitivity and specificity.
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