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Abstract

Soluble fms-like tyrosine kinase-1 (sFlt-1) and placental growth factor (PlGF) contribute in the 
development of preeclampsia and are suggested as prediction markers in healthy pregnant women 
but limited data is available in women with major preeclampsia risk factors.  This study aimed to 
determine the role of sFlt-1 and PlGF in predicting preeclampsia among high risk pregnant women. 
This was a prospective study and samples were collected for a period of ten months.   Blood samples 
were obtained from 84 pregnant women who had at least one risk factor for preeclampsia at 25 
to 28 weeks and at 29 to 36 weeks of gestation. SFlt-1 and PlGF concentrations were determined 
by immunoassay method. There were significantly higher median sFlt-1 and sFlt-1:PlGF ratio at 
gestational interval 25 to 28 weeks and sFlt-1:PlGF ratio at 29 to 36 weeks in high risk women 
who developed preeclampsia. Significant lower median serum PlGF levels at 25 to 28 weeks and 
29 to 36 weeks were observed in this group of women. 
In conclusion, the concentrations of these markers were altered in high risk preeclamptic women, a 
similar pattern seen in low risk preeclamptic women. However the predictive value of these markers 
could not be established clearly.
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ORIGINAL ARTICLE

INTRODUCTION 

Preeclampsia, a syndrome of pregnant women 
complicates five to seven percent of all nulliparous 
pregnancies1 and is a major contributor to 
maternal and neonatal morbidity and mortality. 
In a report by the Malaysian National Committee 
of Parliamentarians on Population Development 
and Reproductive Health,2  16% of all reported 
maternal deaths in year 2006 were attributed to 
this disorder. 
 There are numerous theories concerning the 
cause and pathophysiology of preeclampsia, 
including trophoblast cell invasion, oxidative 
stress, endothelial dysfunction and most recently, 
antiangiogenic proteins.3,4 
 Recent studies5,6 have shown that soluble fms-
like tyrosine kinase-1 (sFlt-1), an antiangiogenic 
protein that is produced by the placenta acts by 
antagonizing two pro-angiogenic molecules - 
vascular endothelial growth factor (VEGF) and 

placental growth factors (PIGF) -  raising the 
possibility that this antiangiogenic protein might 
have a pathogenetic role in preeclampsia.   Excess 
of sFlt-1 result in decreased levels of VEGF and 
PlGF, subsequently creating an antiangiogenic 
state and a maternal syndrome of hypertension 
and proteinuria. 
 Multiple risk factors for development of 
preeclampsia have been described. In the 
Malaysian Clinical Practice Guideline on the 
Management of Hypertension, women who 
are at risk for developing preeclampsia are 
those with existing chronic medical disorders 
like obesity, hypertension, diabetes mellitus, 
renal disease, connective tissue disease and 
thrombophilia, previous history of preeclampsia 
or eclampsia or intrauterine growth restriction 
(IUGR) or unexplained stillbirth, family history 
of preeclampsia or eclampsia and extremes of 
reproductive age (below 20 or above 40 years 
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old).  In conjunction with these risk factors, the 
availability of a biomarker that can reliably and 
accurately identified women who are destined 
to have preeclampsia will have a great value in 
substantial improvement of the maternal and 
possibly foetal outcome.
 In most of the studies, measurements of 
biomarkers were done in healthy pregnant 
women.  Hence,  the aim of the present study 
was to determine the role of circulating sFlt-1 
and PIGF in predicting preeclampsia in high risk 
pregnant women.

MATERIALS AND METHODS

Patients
The study was approved by the research and 
ethical review boards of Universiti Kebangsaan 
Malaysia Medical Centre (UKMMC).  Written 
consent was obtained from each subject who 
participated in this study in accordance to the 
Declaration of Helsinki.  Patients were recruited 
from the Obstetrics and Gynecology Patient 
Admission Centre (OBPAC), UKMMC from 
January 2010 to October 2010. 
 112 patients were enrolled.  Two women 
with spontaneous abortion, one with intrauterine 
death at 22 weeks of gestation, 17 who failed 
to contribute to paired serum specimen and 
eight who had incomplete pregnancy outcome 
data were excluded from the study.   Eighty-
four women who had at least one risk factor 
for developing preeclampsia  such as obesity 
(n=50), chronic hypertension (n=24), type 2 
diabetes mellitus (n=11), renal disease (n=7), 
connective tissue disease (n=7),  previous history 
of preeclampsia or eclampsia (n=5), history of 
intrauterine growth restriction (IUGR) (n=1), 
and who were pregnant at the age of below 
20 (n=2) and above 40 years old (n=19) were 
studied.  Patient demographic data are shown in 
Table 1. Women with multiple pregnancies, major 
foetal congenital anomalies and chromosomal 
abnormalities were excluded from the study.
 Peripheral blood samples were collected at 
second trimester (25 to 28 weeks of gestation) and 
at third trimester (29 to 36 weeks of gestation) 
for the measurement of sFlt-1 and PlGF levels. 
The patients were followed up through the 
post-partum period until their blood pressure 
normalized or up to three months, whichever 
occurred first.
 Hypertension in Pregnancy was classified 
based on the Australasian Society for the 
Study of Hypertension in Pregnancy (ASSHP)7 

classification which was endorsed by the 
International Society for the Study of Hypertension 
in Pregnancy (ISSHP). Preeclampsia was defined 
in this study as de novo hypertension occurring 
after 20 weeks of gestation, with  new onset of 
one or more of the following; (i) proteinuria of 
≥ 300 mg in a 24 hour urine collection, or spot 
urine protein creatinine index (UPCI) ≥ 30 
mg/mmol of creatinine, or 1+ (30 mg/dL) on 
dipstick, (ii) renal insufficiency as evidence by 
serum creatinine of > 90 μmol/L, or oliguria, 
(iii) liver involvement as evidenced by raised 
serum transaminases, and/or severe right upper 
quadrant or epigastric pain, (iv) neurological 
disorders manifested by convulsions (eclampsia), 
or hyperreflexia with clonus, or severe headache 
or persistent visual disturbances (scotoma), 
(v) haematological disorders as evidenced 
by thrombocytopaenia, or disseminated 
intravascular coagulation (DIC), or haemolysis, 
and (vi) foetal growth restriction, and these was 
followed by normalisation of the blood pressure 
three months post-partum.

Biochemical analysis
A maximum of 4 ml of peripheral blood was 
collected in plain vacutainer tubes. Sera from 
the samples were separated by centrifugation 
at 3500 rpm for five minutes and aliquots were 
stored at -70°C until analysis.  Measurements of 
sFlt-1 and PlGF were performed in batches on the 
fully automated Elecsys 2010 immunoanalyser 
based on electrochemiluminescence technology 
(Roche Diagnostics, Germany). 

Statistical analysis
Statistical analysis was performed using 
the Statistical Package for Social Sciences 
(SPSS) software version 16.0. The values 
for the biochemical markers were expressed 
as median and ranges as the data were not 
normally distributed.  Continuous variables 
were summarized by median and range while 
categorical variables were summarized using 
frequency measures. The median and range 
of sFlt-1, PlGF, and their ratio in second and 
third trimester were compared for women who 
did and did not develop preeclampsia using the 
Mann-Whitney test. 
 Receiver operator characteristic (ROC) curves 
were constructed and optimal cut-off values for 
the biomarkers were established by the best 
sensitivity and specificity. 
 Logistic regression analysis was performed 
to determine the odds ratio for the evaluation 
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of the predictive value of sFlt-1, PlGF and sFlt-
1:PlGF of developing preeclampsia and severe 
preeclampsia complications. In all statistical 
analyses, p < 0.05 was considered significant.

RESULTS 

Out of the 84 pregnant women, 12 women 
(14.3%) developed preeclampsia. Among the risk 
factors, chronic hypertension, obesity and history 
of IUGR were significant for the development of 
preeclampsia (p < 0.0005, and p = 0.046).
 In preeclamptic women, the gestational age 
at delivery was significantly lower than for those 
who did not develop the disease (p < 0.0005). 
The newborn of women with preeclampsia had 
significantly lower birth weight (p<0.0005). The 
baseline characteristics and risk factors of the 
study population are shown in Table 1.

sFlt-1, PlGF serum concentration and sflt-
1:PIGF ratio in high risk pregnant women for 
preeclampsia
The median sFlt-1 levels at second trimester 
(median 1376.0 range 776.4-3613.0 vs median 
1298.0 range 352.7-3551.0 p=0.531) and third 
trimester (median 2641.0 range 1811.3-12 
661.0 vs median 1439.0 range 428.8-4691.0 

p<0.005) were higher in women who developed 
preeclampsia as compared to those who did not 
(Figure 1A). The median levels of PlGF at second 
trimester (median 315.0  range 55.18-1281.0 vs 
median 504.2  range 110.3-1966.0, p=0.054) 
and third trimester (Median 134.7 range 28.22-
1004.0 vs Median 414.4  range 111.9-1952.0 
p=0.001) were lower in women who developed 
preeclampsia (Figure 1B). 
 The preeclamptic group had a significantly 
higher median sFlt-1:PlGF ratio than in non 
preeclamptic women at second trimester 
(median: 3.33 range 0.84-26.44 vs 2.56 range 
0.34-10.76;p<0.005) and in third trimester 
(median 19.18 range 3.40-448.65 vs median 
3.83 range 0.59-34.83; p<0.0005) (Figure 1C). 

sFlt-1, PlGF plasma concentration and sflt-
1:PIGF ratio in the prediction preeclampsia in 
high risk pregnant women
From the ROC analyses, the sFlt-1:PlGF 
ratio taken at third trimester performed best 
in discriminating women who developed 
preeclampsia than those who did not develop 
the disorder. The optimized cut-off value for 
sFlt-1:PlGF that combined greatest sensitivity 
with comparatively good specificity was 5.50 

TABLE 1: Baseline characteristics, risk factors and pregnancy outcome of the study population

 Preeclampsia No preeclampsia p value
 (n=12) (n=72)

Maternal age (year) 34 (23-42) 32 (17-43) 0.380*
Nulliparity 3 (25.0%) 19 (26.4%) 
Body mass index (kg/m2) 26.72 (21.9-41.1) 30.82 (17.6-52.6) 0.266*
Chronic hypertension 9 (75.0%) 15 (20.8%) <0.0005**
Type 2 diabetes mellitus 3 (25.0%) 8 (11.1%) 0.187**
Obesity 4 (33.3%) 46 (63.9%) 0.046**
Renal disease 2 (16.7%) 5 (6.9%) 0.259**
Connective tissue disease 1 (8.3%) 6 (8.3%) 1.000**
History of preeclampsia/eclampsia 1 (8.3%) 4 (5.6%)
History of IUGR 1 (8.3%) - 
Age less than 20 - 2 (2.8%) 
Age more than 40 4 (33.3%) 15 (20.8%) 0.338**
Gestational age at delivery (weeks) 35.5 (32-40) 38 (34-40) < 0.0005*
Birth weight (g) 2065 (1648-3680) 3035 (1800-4360) 0.023*
Severe preeclampsia/ early onset 
preeclampsia 8 (66.7)  
Placental abruption 1 (8.3)  
Preterm delivery 7 (58.3)  

*By Mann-Whitney test, statistical significant at p < 0.05
**By Chi-square test, statistical significant at p < 0.05
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FIG. 1B: Box plots indicating levels of PlGF at 25 to 28 and  29 to 36 weeks gestation in women who developed 
preeclampsia as compared to those who did not develop preeclampsia. Boxes show interquartile ranges 
and I bars represent 95% confidence intervals. Median PIGF levels were lower in women who developed 
preeclampsia compared to women without preeclampsia (Mann Whitney test, p<0.005).

FIG. 1A: Box plots indicating levels of sFlt-1 at 25 to 28 and 29 to 36 weeks gestation in women who developed 
preeclampsia as compared to those who did not develop preeclampsia. Boxes show interquartile ranges 
and I bars represent 95% confidence intervals. Median sFlt-1 levels were higher in women who developed 
preeclampsia compared to women without preeclampsia (Mann Whitney test, p<0.005).
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FIG. 1C: Box plots indicating sFlt-1:PlGF ratio at 25 to 28 and  29 to 36 weeks gestation in women who devel-
oped preeclampsia as compared to those who did not develop preeclampsia. Boxes show interquartile 
ranges and I bars represent 95% confidence intervals. Median sFlt-1 levels were lower in women who 
developed preeclampsia compared to women without preeclampsia (Mann Whitney test, p<0.005).

FIG. 2: Receiver Operator Curve (ROC) to determine the diagnostic performance of sFlt-1, PlGF concentration 
and sflt-1:PIGF ratio in the prediction preeclampsia in high risk pregnant women.

PIGF (25-28)
PIGF (29-36)
Reference Line
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TABLE 3: Levels of sFlt-1, PlGF and sFlt-1:PlGF ratio in preeclampsia women with and 
without the presence of severe maternal complication

              Presence of Severe Maternal Complication

  Yes (n=8) No (n=4) 
p value

 

25 to 28 weeks gestation   
•	 sFlt-1		 1222.5	(808.7-2517.0)	 1592.0	(776.4-3613.0)	 0.808*
•	 PlGF	 315.0	(93.3-1281.0)	 399.3	(55.2-657.7)	 0.933*
•	 sFlt-1:PlGF	 3.33	(0.84-23.63)	 4.85	(2.62-26.44)	 0.570*
29 to 36 weeks gestation   
•	 sFlt-1		 2873.5	(1811.3-12	661.0)	 257	(1995.0-3777.0)	 0.683*
•	 PlGF	 134.7	(28.2-1004.0)	 167.7	(47.7-527.2)	 1.000*
•	 sFlt-1:PlGF	 19.18	(3.40-448.65)	 20.11	(7.16-41.83)	 0.933*

*By Mann-Whitney test, statistical significant at p < 0.05

(sensitivity of 92%, specificity of 68%, positive 
predictive value (PPV) of 32% and negative 
predictive value (NPV) of 98%). The area under 
the curve (AUC) was 0.873 (95% CI, 0.773-
0.973) (Figure 2 and Table 2). 
 To determine the predictive value of sFlt-1, 
PlGF and sFlt-1:PlGF ratio in predicting 
preeclampsia in this high risk group of patient, 
logistic regression analysis was used to determine 
the odds ratio. However, no single factor or ratio 
showed statistically significant result (p>0.05). 

sFlt-1, PlGF plasma concentration and sflt-
1:PIGF ratio in the prediction of severe 
preeclampsia 
Among the twelve women who developed 
preeclampsia, severe preeclampsia occurred 
in eight women, abruptio placenta in one and 
preterm delivery in seven of these women. We 
observed that the level of sFlt-1 is higher and the 
level of PIGF is lower in women who developed 
severe preeclamptic complications, however, none 

of these were statistically significant (Table 3).
Logistic regression analyses were done to 
determine the predictive value of sFlt-1, PlGF 
and sFlt-1:PlGF ratio for the occurrence of severe 
preeclamptic complications, however, there was 
no single factor or ratio that was statistically 
significant (p>0.05).

DISCUSSION

Studies5,6,8,9 have shown that excess sFlt-1 
secreted by preeclamptic placenta results in 
decreased PlGF. This led to many studies 10-12 
conducted to explore the role of circulating 
anti- and pro-angiogenic factors in predicting 
the development of preeclampsia. Although 
studies10,13 have been carried out to determine 
the role of these markers, our study is among 
the few that evaluate the use of these markers 
in women with increased risk for preeclampsia, 
a group which was usually excluded in previous 
studies.  

TABLE 2: ROC analyses of sFlt-1, PlGF and sFlt-1:PlGF ratio at different gestational age 
intervals in high risk pregnant women with preeclampsia

       95% Confidence Interval

 Tests  AUC p value Lower Bound Upper Bound

25 to 28 weeks gestation    
•	 sFlt-1	 0.557	 0.531	 0.380	 0.734
•	 PlGF	 0.675	 0.054	 0.478	 0.871
•	 sFlt-1:PlGF	 0.688	 0.038	 0.520	 0.855
29 to 36 weeks gestation    
•	 sFlt-1		 0.832	 <0.0005	 0.738	 0.927
•	 PlGF	 0.792	 0.001	 0.627	 0.956
•	 sFlt-1:PlGF	 0.873	 <0.0005	 0.773	 0.973
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 In this study, we found that there were 
no significant differences in the general 
characteristics among women who developed 
preeclampsia compared to those whose 
pregnancy was not complicated by the disorder.  
As for risk factors, chronic hypertension and 
obesity were significant for the development of 
preeclampsia. There was significant difference 
in terms of gestational age at delivery, which 
showed that it was earlier in the preeclampsia 
group. This correlates well with the findings that 
half (58%) of the women in the preeclamptic 
group developed early-onset preeclampsia which 
required early termination of pregnancy due to 
severity of disease or foetal distress. Our study 
also showed significant difference in the birth 
weight of the babies in preeclamptic and non-
preeclamptic mother. 
 This study showed that sFlt-1, PlGF and sFlt-
1:PlGF ratio done at third trimester of pregnancy 
were able to segregate the preeclamptic patients 
from those who had normal pregnancy.  These 
findings were in accordance with other studies 
that were conducted in high risk and non-high 
risk groups.9-12  These consistent findings of 
the altered levels in anti- and pro-angiogenic 
factors further support their key role in the 
pathophysiology of preeclampsia. When we 
examined the individual markers and ratio, sFlt-
1:PlGF ratio is superior to individual markers in 
distinguishing women with preeclampsia. Our 
findings were similar to other studies.12-15 
 Although our findings are in agreement 
with others, we noticed that the cut-off value 
established by our study was different.   Kim 
et al13 reported a cut-off value of sFlt-1:PlGF 
ratio of 1.4 (sensitivity of 80.4% and specificity 
of 78%) in  study which was done in low risk 
group. Two recent larger studies10,15 which 
evaluated women without risk of preeclampsia 
suggested higher sFlt-1:PlGF ratio cut-off, of 
85 (sensitivity of 82% and specificity of 95%) 
and 45 (sensitivity of 97% and specificity of 
95%), respectively. Apart from differences in 
population studied, the disparity in the cut-off 
value could be attributed by the difference in the 
test methodology for sFlt-1 and PlGF adopted 
by researchers. 
 In this study, the cut-off value of 5.50 was 
chosen for the sFlt-1:PlGF ratio which yields the 
highest sensitivity (92%) without compromising 
the specificity (68%).  However, we are unable 
to compare this chosen cut-off with other studies 
that assessed sFlt-1:PlGF ratio in the high risk 
group as the investigator12 did not report the cut-

off value.  In this study, although we observed 
significant differences of sFlt-1, PlGF and sFlt-
1:PlGF ratio taken at third trimester, the odds 
ratio could not be established. This could be due 
to the small number of women who developed 
preeclampsia. 
 Powers et al and Sibai et al9,11 who studied 
a larger population observed that the overall 
differences of sFlt-1, PlGF and sFlt-1:PlGF 
ratio between women in high risk group who 
developed preeclampsia and those who did not 
were modest, hence limiting the use of these 
markers as preeclampsia predictors in the clinical 
context. 
 The study conducted by Moore Simas TA et 
al14 which assessed the utility of these markers 
and ratio taken between 22 and 36 weeks 
gestation in predicting preeclampsia among high 
risk women for preeclampsia showed different 
results.  They reported that the mean serum sFlt-1 
and sFlt1:PlGF ratio were higher at 22 weeks 
gestation in women who developed early onset 
preeclampsia compared with those who did not, 
and serum sFlt-1 was significantly higher after 
31 weeks gestation in women with late onset 
preeclampsia.  They concluded in their report 
that these angiogenic factors were able to predict 
the occurrence of preeclampsia in the high risk 
population of their study. 
 These contradicting reports were most 
possibly due to differences in the sample size, 
methodologies adopted and gestational interval 
at sampling. Our study and the study by Moore 
Simas TA et al14 were conducted on high 
risk patients and both studies did not further 
categorise the patients according to their risk 
due to the small number of subjects. Studies by 
Powers et al and Sibai et al9,11 were conducted 
on a large cohort of 704 and 993 high risk 
pregnant women, respectively. Sibai et al11 only 
involved women with previous preeclampsia 
and/or chronic hypertension, whereas Powers 
et al,9 apart from these two risk factors, also 
included women with type 2 diabetes and 
multiple gestations into their study. The most 
apparent difference between Powers’ et al9 study 
with other studies, including ours, was that they 
grouped these women according to their risk 
factors and evaluated them separately.  The other 
issue is the period of gestational window assessed 
for the prediction of preeclampsia.  It was noted 
that they were different in all the studies.  Our 
study determined the predictive value of sFlt-1, 
PlGF and sFlt-1:PlGF value at 25 to 28 weeks and 
29 to 36 weeks gestation, whereas in the other 
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studies, it was performed  at gestational week 22 
to 26,14  24 to 28 weeks11 and 26 to 30 weeks.9 
All these factors may explain the difference in 
the findings among the studies looking into the 
predictive values of these markers in the high 
risk group. 
 We were unable to show significant predictive 
value of sFlt-1, PlGF or sFlt-1:PlGF ratio for the 
occurrence of severe preeclampsia complications 
most probably due to small number of women 
who developed preeclampsia in our study. 
 In conclusion, although the predictive value 
of these markers could not be established 
clearly, there is undoubtful evidence that the 
concentration of these markers were altered in 
high risk preeclamptic women, a similar pattern 
seen in low risk preeclamptic women. Further 
prospective, large-scale studies are essential 
to determine the predictive values of these 
markers. 
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