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Circulating angiogenic factors and their association
with birth outcomes in preeclampsia

Asmita V Kulkarni1, Savita S Mehendale2, Hemlata R Yadav1, Anitha S Kilari1, Vaishali S Taralekar2

and Sadhana R Joshi1

This study was designed to test the hypothesis that altered angiogenic factors together with increased oxidative stress and

reduced docosahexaenoic acid (DHA) levels may be associated with altered birth outcome parameters. To test this hypothesis,

levels of plasma vascular endothelial growth factor (VEGF), placental growth factor (PlGF), soluble fms-like tyrosine kinase-1

(sFlt-1), the oxidative stress marker malondialdehyde (MDA) and fatty acids were estimated in women with preeclampsia and

their cord samples and compared with those in normotensive women. The association of these parameters with birth outcome

was also examined. Our results show that in preeclamptic women, maternal plasma VEGF and PlGF levels were lower, whereas

sFlt-1 levels were higher (Po0.05 for all) than in normotensive women. In contrast, cord plasma VEGF levels were higher

(Po0.05) in preeclamptic women, whereas there was no difference in sFlt-1 levels. Plasma DHA levels in both the mother and

cord were lower (Po0.05) in the preeclamptic group compared with normotensive women. Maternal plasma sFlt-1 levels were

positively (n¼23, r¼0.415, P¼0.039) associated with MDA concentrations in preeclamptic women. Maternal plasma sFlt-1

levels showed a strong negative association with baby weight (n¼37, r¼�0.547, P¼0.001), head circumference (n¼37,

r¼�0.472, P¼0.005) and baby chest circumference (n¼37, r¼�0.375, P¼0.032) in the preeclamptic group. Cord plasma

sFlt-1 concentrations were negatively associated with cord plasma DHA concentrations (n¼28, r¼�0.552, P¼0.004). This

study suggests that dysregulation of angiogenic factors may be associated with maternal oxidative stress. Increased oxidative

stress may reduce cord DHA levels and increase sFlt-1 levels, leading to poor birth outcomes in preeclampsia.
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INTRODUCTION

Preeclampsia is a systemic syndrome of pregnancy that originates in
the placenta. In this condition, the placenta is ischemic and hypo-
perfused and is characterized by widespread maternal endothelial
dysfunction.1 The syndrome, which affects 5–7% of pregnancies, is
associated with significant fetal/neonatal and maternal morbidity and
mortality.2 Despite extensive research on preeclampsia, its molecular
pathogenesis is still largely unknown.3 It is now generally accepted that
preeclampsia starts with inadequate cytotrophoblast invasion and
leads to widespread maternal endothelial dysfunction.4 Recent studies
suggest that dysregulation of angiogenic factors and their soluble fms-
like tyrosine kinase-1 receptors (sFlt-1) has an important role in the
pathogenesis of preeclampsia, but the results are inconsistent.
Although some studies report lower plasma vascular endothelial
growth factor (VEGF) levels5 in preeclamptic women compared
with normotensive women,6–9 other studies report higher levels in
preeclamptic women,10,11 and some found no difference between the
two groups.5 Placental growth factor (PlGF) is a placental protein that

potentiates the effect of VEGF.12 sFlt-1, also known as soluble vascular
endothelial growth factor receptor-1, is an anti-angiogenic protein
that is increased before the onset of the clinical disease in women with
preeclampsia and is correlated with the severity and time to onset of
the disease.6,13,14

sFlt-1, which is released into maternal circulation, disrupts the
maternal endothelium, leading to hypertension, proteinuria and other
systemic manifestations of preeclampsia. Most of the published studies
have examined the levels of all the angiogenic factors in a small
number of mother and cord samples.9,15 Furthermore, their associa-
tions with birth outcome are very rarely examined.16 Very little is
known about the mechanisms by which factors such as sFlt-1 may
contribute to the preeclamptic syndrome.17 It is suggested that sFlt-1
binds to both VEGF and PlGF,18,19 reducing their free levels in the
blood by working as a soluble antagonist of both factors.20 It is
believed that hypoxia in preeclampsia leads to increased production of
sFlt-1 in placental trophoblasts15,21 and is suggested to be the major
source of circulating sFlt-1.22 Others believe that hypoxia may not be
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the only or main stimulus to release sFlt-1 and emphasize the
role of inflammatory mechanisms.23 It is also believed that
other factors, such as alterations in the renin–angiotensin–aldosterone
axis, immune maladaptation, excessive shedding of trophoblast debris
and oxidative stress, contribute to the pathogenesis of abnormal
placentation.24

A recent study in rats suggests that chronic infusion of plasma sFlt-1
causes hypertension associated with increased oxidative stress and
endothelial dysfunction.25 Our previous studies in preeclamptic
women have shown increased oxidative stress, leading to altered
essential polyunsaturated fatty acid levels, especially docosahexaenoic
acid (DHA), one of the factors responsible for preeclampsia.26 We
hypothesize that altered angiogenic factors together with increased
oxidative stress and reduced DHA levels may be associated with
altered birth outcome parameters.

This study therefore simultaneously examines (i) the levels of
angiogenic factors, such as VEGF, PlGF and sFlt-1, in both maternal
and cord samples and (ii) the associations of these factors with (a)
malondialdehyde (MDA) concentrations (an oxidative stress marker),
(b) DHA and (c) birth outcome in preeclamptic and normotensive
women who were matched for gestation, age, body mass index and
socioeconomic status.

METHODS
This study was conducted at the Department of Obstetrics and Gynecology,

Bharati Hospital, Pune, from 2007 to 2009. The study was approved by the

Institutional Ethical Committee, and written informed consent was obtained

from each subject. A total of 117 pregnant women (59 normotensive and 58

preeclamptic women with singleton pregnancy) were recruited at term. Women

were excluded from the study if there was evidence of other pregnancy

complications, such as multiple gestation, chronic hypertension, type 1 or type

2 diabetes mellitus, seizure disorder and renal or liver disease. Pregnant women

with alcohol or drug abuse were also excluded from the study. The normo-

tensive group consisted of pregnant women with no medical or obstetrical

complications.

Preeclampsia was defined by systolic and diastolic blood pressures greater

than 140 and 90 mm Hg, respectively, with the presence of proteinuria (41+ or

300 mg per 24 h) on a dipstick test. Edema was present in some cases. Blood

pressure was measured in the left arm with a mercury sphygmomanometer.

Preeclampsia was confirmed by repeated recording of the blood pressure with

an interval of 6 h at the time of diagnosis. Blood pressure was recorded

frequently, starting at enrollment and at every follow-up visit, which occurred

approximately once a month until delivery in both groups. In preeclamptic

women, blood pressure was monitored frequently in the last week of delivery;

the monitoring period ranged from 24 h to the full 7 days. In normotensive

women, blood pressure was consistent with those previously obtained during

the gestational period. The blood pressure in some preeclamptic women was

lower as a result of antihypertensive drugs but was still higher than that of the

normotensive women. The data given here are the blood pressures at the time

of delivery, that is, just before going to the labor room, to ensure that a similar

time point was used for both groups to rule out the effect of stress due to labor

on blood pressure.

Gestational age was based on the day of the last menstrual period and then

confirmed by ultrasound. Both preeclamptic and normotensive women were

from a lower socioeconomic group and had similar levels of education and

lifestyle. None of the women in either group smoked.

Sample collection and processing
Ten milliliters of maternal venous blood was collected before delivery in EDTA

vials. In addition, 10 ml of blood was collected from the umbilical cord just

after delivery on a subsample. The blood was immediately layered on

Histopaque (Sigma-Aldrich, St Louis, MO, USA) and centrifuged at

1800 r.p.m. for 35 min to separate the plasma and erythrocytes. The erythrocyte

fraction was washed 3 times with normal saline. Then, the plasma and

erythrocyte aliquots were stored at �80 1C until further analysis. Birth weight,

birth height, and head and chest circumference were recorded by standard

techniques within half an hour after birth.

Dietary assessments
A food frequency questionnaire was used to estimate the frequency of intake of

foods rich in o-3 fatty acids. These foods were identified using ‘Nutritive Values

of Indian Foods.’27 The questionnaire consisted of 17 food groups, and several

foods (approximately 10) were listed under each of the food groups. The

frequency of intake of each food group was recorded on an eight-point scale

from ‘never’ to ‘thrice daily.’ Monthly scores were calculated for each food item.

For example, an item consumed once a week had a score of 4, whereas one

consumed daily had a score of 30.

VEGF, PlGF and sFlt-1 levels from maternal and cord plasma
samples
Plasma-free VEGF, PlGF and plasma sFlt-1 levels were measured from both

maternal and cord samples using commercial enzyme-linked immunosorbent

assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA). The detection limit

(sensitivity) of the assay was 9 pg ml�1 for VEGF, 7 pg ml�1 for PlGF and

13.5 pg ml�1 for sFlt-1. All assays were carried out by personnel who were

blinded to the study. All ELISA assays were standardized to have less than 5%

coefficients of variance for both intra- and inter-assay measurements.

Oxidative stress marker (MDA)
MDA levels were estimated from maternal plasma using a kit (Oxis MDA-586,

Oxis International, Foster City, CA, USA). Briefly, thiobarbituric acid reacts

with MDA to form a pink color, and the absorbance was measured at 586 nm.

Tetramethoxypropane is used as a standard. MDA concentration is expressed

as mmol ml�1.

Fatty acid estimation from maternal and cord plasma
The procedure for fatty acid analysis used in our study was revised from the

original method of Manku et al.,28 and the method we used in previous

studies.26,29,30 Briefly, transesterification of the phospholipid fraction was per-

formed using hydrochloric acid-methanol. Methyl esters were separated using a

Perkin Elmer gas chromatograph (SP 2330, 30 m capillary Supelco column,

Perkin Elmer, Shelton, CT, USA). Helium was used as a carrier gas at 1 ml min�1.

The oven temperature was maintained at 150 1C for 10 min, programmed to rise

from 150 to 220 1C at 10 1C min�1 and at 220 1C for 10 min. The detector

temperature was 275 1C and the injector temperature was 240 1C. Retention

times and peak areas were automatically computed. Peaks were identified by

comparison with standard fatty acid methyl esters (Sigma-Aldrich). Fatty acids

were expressed as g per 100 g fatty acid. The total o-3 fatty acids included a-

linolenic acid, eicosapentaenoic acid and DHA.

Statistical analysis
Values are reported as mean±s.d. The data were analyzed using the SPSS/PC+

package (Version 11.0, Chicago, IL, USA). Mean values of the estimates of

various parameters for maternal and cord samples were compared using

unadjusted independent sample t-tests to identify statistically significant

differences (Po0.05). Skewed variables were transformed to normality using

the transformation log to base 10 (sFlt-1). The correlation between variables

was studied using Pearson’s correlation analysis after adjusting for gestation,

age and body mass index.

RESULTS

Table 1 shows the demographic characteristics of mothers and their
neonates. The mean systolic and diastolic blood pressures in the
preeclamptic group were significantly higher than in the control
group. body mass index, weight and height did not differ between
the groups. The frequency of consumption of o-3-rich foods was
similar in both groups. Birth outcome was poor in the preeclamptic
group compared with the normotensive group, which could also be
attributed to the shorter gestational period of the preeclamptic women.
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Maternal and cord plasma VEGF, PlGF and sFlt-1 levels
Figure 1 shows the circulating VEGF and sFlt-1 levels in maternal
and cord plasma and the PlGF levels in maternal plasma. In pre-
eclamptic women, plasma VEGF levels were significantly lower
than in normotensive women. In contrast, cord plasma VEGF levels
were significantly higher in the preeclamptic group than in the
normotensive group. Plasma PlGF levels were significantly lower in
preeclamptic women than in normotensive women, whereas the cord
plasma PlGF levels were below the detection limit of the kit
used in both the groups. In the preeclamptic group, maternal
plasma showed increased sFlt-1 levels compared with the normoten-
sive group. However, there was no difference in cord sFlt-1 levels
between the groups. There was a significant increase in the plasma
sFlt-1/PlGF ratio in the preeclamptic group, but not in the normo-
tensive group.

Associations between maternal plasma MDA levels and plasma
VEGF, PlGF and sFlt-1 levels
Maternal plasma MDA levels were significantly higher in preeclamptic
women (10.72±2.20mmol ml�1, n¼32,) than in normotensive
women (9.53±2.45mmol ml�1, n¼32) (P¼0.029) and were signifi-
cantly positively associated with maternal plasma sFlt-1 levels (n¼32,
r¼0.415, P¼0.039) only in the preeclampsia group. There was no
association of maternal MDA levels with maternal VEGF or
PlGF levels.

Maternal and cord fatty acid levels
There was a significant reduction (Po0.05) in plasma DHA levels in
mothers in the preeclamptic group (n¼56, 1.23±0.74 g per 100 g fatty
acids) compared with the normotensive group (n¼55, 1.48±0.62 g
per 100 g fatty acids), which we previously reported.26,28 A similar
reduction in plasma DHA levels was also seen in the cord
(2.08±0.82 g per 100 g fatty acids, n¼44) in the preeclamptic group
compared with the normotensive group (2.52±0.99 g per 100 g fatty
acids, n¼48).

Associations between maternal and cord angiogenic factors
There was a positive association between maternal and cord VEGF
levels (n¼40, r¼0.541, P¼0.001) only in the normotensive group.
However, there was no association between maternal and cord sFlt-1
levels in both the normotensive and preeclamptic groups.

Associations between plasma polyunsaturated fatty acids and
plasma VEGF, PLGF and sFlt-1 levels in the mother and cord
There was no association between maternal plasma polyunsaturated
fatty acids and plasma VEGF, PlGF and sFlt-1 levels in the mother or
cord in the normotensive and preeclamptic groups. In contrast, cord
plasma sFlt-1 levels were negatively associated with cord plasma DHA
(n¼34, r¼�0.552, P¼0.004) and o-3 fatty acid (n¼28, r¼�0.498,
P¼0.011) concentrations (Figure 2).

Associations between maternal plasma VEGF, PlGF and sFlt-1 with
birth outcome
Maternal VEGF levels did not show any association with birth out-
come in the preeclamptic or normotensive group, whereas maternal
PlGF levels were negatively associated with baby length only in the
preeclamptic group (Table 2). In contrast, maternal plasma sFlt-1
levels showed a strong negative association with baby weight, head
circumference and chest circumference only in the preeclamptic
group. The maternal sFlt-1/PlGF ratio showed a strong negative
association with baby head circumference in the preeclamptic group.
There were no associations with cord VEGF in the normotensive and
preeclamptic groups. However, cord sFlt-1 only showed a negative
association with baby weight, head and chest circumference in the
normotensive group (Table 3).

DISCUSSION

This study reveals for the first time several novel and interesting
findings in normotensive and preeclamptic women who were matched
for age, gestation and socioeconomic status: (1) decreased maternal
VEGF and PlGF levels but increased sFlt-1 levels in preeclamptic
women compared with normotensive women; (2) increased VEGF
levels in cord samples in preeclampsia; (3) increased maternal plasma
sFlt-1 levels that were positively associated with maternal MDA
concentrations; (4) increased maternal plasma sFlt-1 levels that were
inversely associated with adverse birth outcomes in preeclamptic
women and (5) increased cord plasma sFlt-1 levels that were negatively
associated with cord plasma DHA concentrations.

In this study, free VEGF and PlGF levels in preeclamptic women
were significantly reduced, whereas sFlt-1 levels were significantly
increased, compared with normotensive women, suggesting that
dysregulation of these angiogenic factors may explain the defective
uteroplacental vascularization that characterizes preeclampsia. A simi-
lar decrease in free maternal VEGF levels has also been reported by
others.8,31 It has been suggested that VEGF is responsible for the
adequate perfusion of the feto–placental unit, normal fetal oxygena-
tion, nutrition and appropriate intrauterine fetal growth;9 the reduced
VEGF levels observed in our study are similar to those found in other
studies.6–9

Reduced PlGF levels have been suggested to be a result of inade-
quate placental production,12 which has been previously reported.7,32

Qazi et al.33 have examined the circulating levels of VEGF and sFlt-1
and suggested that decreased VEGF levels resulting from elevated sFlt-
1 might be a potential cause of the pathogenesis of preeclampsia.

Several studies carried out in Western countries have consistently
reported increased levels of plasma sFlt-18,15,34–41 in mothers
with preeclampsia compared with normotensive women. Our results

Table 1 Maternal and neonatal characteristics of normotensive and

preeclamptic women

Mean±s.d.

Normotensive

(n¼59)

Preeclamptic

(n¼58)

Maternal characteristics

Age (year) 22.4±3.0 23.41±4.0

Body mass index (kg m�2) 22.2±2.9 23.3±4.4*

Weight (kg) 51.09±6.54 54.04±10.03

Height (cm) 151.81±5.35 152.79±6.01

Income (USD per month) 102.5±72.9 118.4±84.4

Education (grade) 10±3 10±3

Gestation (weeks) 39±1 38±1**

Systolic blood pressure (mm Hg) 125±7 147±13**

Diastolic blood pressure (mmHg) 80±6 97±9.2**

Neonatal characteristics

Baby weight (kg) 2.9±0.2 2.7±0.4**

Baby length (cm) 48.6±2 48.0±2.7

Head circumference (cm) 34.2±1.2 33.5±1.7**

Chest circumference (cm) 32.6±1.2 31.7±1.8**

*Po0.05; **Po0.01.
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suggest that Indian women with preeclampsia also have a similar
increase in plasma sFlt-1 levels. sFlt-1, a splice variant of the VEGF
receptor Flt-1, which lacks the transmembrane and cytoplasmic
domains, is made in large amounts by the preeclamptic placenta
and is released into maternal circulation.19,42 It is believed to exert its
biological activity by binding to and thereby neutralizing VEGF and
PlGF.18 The higher relative concentrations of sFlt-1 are believed to
trigger vascular endothelial cell injury in the liver, kidney, brain and
the placenta itself.20 However, the mechanisms by which these factors,
especially sFlt-1, may exert their effects have remained unclear.25

In our study, there was a significant increase in the sFlt-1/PlGF ratio
in preeclamptic women at the end of pregnancy, and it would be
worthwhile to examine the levels of these factors in early pregnancy.
Changes in either sFlt-1 itself or together with PlGF may serve as
possible predictors of preeclampsia before the manifestation of
overt symptoms (for example, hypertension, proteinuria) as recently
suggested.5,12,36,43 Furthermore, the sFlt-1/PlGF ratio in early-onset
preeclampsia has been reported to be higher than that in late-onset
preeclampsia.44 Reports from a recent animal study indicate that the
injection of exogenous sFlt-1 in pregnancy induced oxidative stress
and hypertension.25 It is therefore possible that our findings of altered

levels of sFlt-1 and its association with fetal outcome may have
potential as predictors of preeclampsia.

The cord VEGF levels in this study were increased in the pre-
eclamptic group and support previous findings35,45,46 that elevated
umbilical cord serum VEGF levels might be correlated with the clinical
development of preeclampsia. However, reduced cord plasma VEGF
levels in preeclampsia are also reported.31,46 Vascular endothelial
growth factor (VEGF) is a secreted vascular mitogen that is purport-
edly specific to endothelial cells and has an important regulatory role
in vascular growth in several organ systems during development.47 It
has also been suggested that VEGF may be involved in the regulation
of amniotic fluid volume and composition.48 VEGF may have addi-
tional actions that point to a neurotrophic role in nervous tissue.
When VEGF was applied to fetal ventral mesencephalic explants, a
substantial increase in neuritic outgrowth and enhanced survival of
dopaminergic neurons were found compared with nontreated
explants.49 It is also known that babies born to preeclamptic mothers
will be at increased risk for various metabolic syndromes, such as
cardiovascular disease, later in life.50 In this study, cord plasma PlGF
levels were below the detection limit in both groups, and similar
findings were previously reported.51,15 In our study, sFlt-1 levels in
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Figure 1 Comparison of maternal and cord angiogenic factors in normotensive and preeclamptic groups, *Po0.05; VEGF, vascular endothelial growth factor;

PlGF, placental growth factor; sFlt-1, soluble fms similar to tyrosine kinase receptor-1.
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cord plasma were increased, although they were not significant in
preeclampsia, consistent with earlier reports.51 Some studies have also
shown that infants with maternal preeclampsia had higher cord blood
sFlt-1 but lower PlGF and VEGF levels.9,45,46

Levels of angiogenic factors may be regulated differently in the
maternal and cord plasma of preeclamptic women. The higher levels
of VEGF in cord plasma may indicate increased expression in response
to hypoxia to stimulate normal angiogenesis in the fetus. The maternal
plasma levels represent free circulating VEGF. As there is no increased
demand for angiogenesis in the mother peripherally, maternal levels
are low.52,53 Slightly reduced VEGF levels in plasma may also be partly
due to the complex with circulating sFlt-1 that is released from the
placenta. The polarized secretion of sFlt-1 into the maternal compart-
ment but not into the fetal side enables angiogenesis, which is
essential for normal development to take place in the materno–fetal
unit and is thought to protect the mother against excessive angiogenic
stimulation.53

In this study, maternal MDA levels showed an association with
sFlt-1, which by itself has been shown to induce oxidative stress.
A recent study in rats has shown that the chronic infusion of plasma
sFlt-1 causes hypertension associated with increased oxidative stress

and endothelial dysfunction, although the mechanism remains
unknown.25 Some studies have indicated that VEGF is important in
controlling oxidative stress in the cell and contributing to the main-
tenance of vascular tone through nitric oxide production.54–56 Pre-
viously, we reported increased oxidative stress in umbilical cord blood
samples in preeclampsia.26 In this study, we also found a negative
association between cord sFlt-1 levels and o-3 fatty acids, especially
DHA concentrations. Reactive oxygen species attack the double bonds
of polyunsaturated fatty acids and initiate chain reactions, leading to
lipid peroxide formation (measured as MDA concentrations). Under
the condition of antioxidant deficiency, which is the case in pre-
eclampsia, increased peroxidative reactions further promote the
decomposition of polyunsaturated fatty acids. In our earlier study
on preeclamptic women,26 we reported increased oxidative stress
leading to impaired essential polyunsaturated fatty acid levels as one
of the key factors involved in the development of preeclampsia. Taken
together, these findings on the altered levels of MDA may be relevant.

Long chain polyunsaturated fatty acids are distributed to every cell
in the body where they are involved in a number of physiological
processes, including the regulation of cardiovascular, immune, hor-
monal, metabolic, neuronal and visual functions. At the cellular level,

Figure 2 (a) Associations between cord plasma sFlt-1 and docosahexaenoic acid (DHA): normotensive group, n¼34, r¼0.114, P¼0.541; Preeclamptic group

n¼28, r¼�0.552, P¼0.004. (b) Association between cord plasma sFlt-1 and o-3 fatty acids; normotensive group, n¼34, r¼0.072, P¼0.700; Preeclamptic

group, n¼28, r¼�0.498, P¼0.011.
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these effects are mediated by changes in the structure of membrane
phospholipids through interference with eicosanoid intracellular sig-
naling and the regulation of gene expression.57 Our previous studies in
preeclampsia suggest that increased oxidative stress leads to reduced
maternal and cord plasma long chain polyunsaturated fatty acids,
especially DHA levels, in the preeclamptic group,26,30 highlight the

importance of maternal long chain polyunsaturated fatty acid status
on the development of the fetus.58 Alterations in fatty acid composi-
tion in the tissue can affect tissue function by modifying membrane
fluidity or membrane thickness, changing properties of the lipid
phase, specifically interacting with membrane active proteins, or
altering the balance of synthesized eicosanoids.59,60 The developmental
processes in the placenta are mediated by VEGF and PlGF,61–63

suggesting that reduced placental membrane fluidity may lead to an
imbalance in the regulation of the function of angiogenic factors.

In this study, maternal sFlt-1 levels were negatively associated with
baby weight, head and chest circumference in the preeclamptic group.
There are very few studies that have examined the association of
maternal and cord sFlt-1 with birth outcome. Tsao et al.46 reported a
negative association of cord sFlt-1 with baby weight. However, a recent
study reported that higher early pregnancy levels of sFlt-1 and PlGF
were associated with a decreased risk of adverse perinatal outcomes.16

It has been suggested that undisturbed development and growth of the
fetus depend on adequate vascular development in the feto–maternal
unit,64 especially the placenta. Further studies need to examine the
association of placental fatty acids with the expression of angiogenic
factors, and this may open new avenues to improve fetal outcomes.

In conclusion, our data on altered angiogenic factors and the
association of increased sFlt-1 with increased levels of the oxidative
stress marker (MDA) and decreased levels of DHA suggest a causal
relationship in preeclamptic women. Furthermore, these parameters
are associated with adverse fetal birth outcomes in preeclampsia.
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