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A B S T R A C T

Objective: A study was carried out to evaluate the effects of metabolic syndrome components and oxidative stress
factors among preeclamptic women from South West India.
Study design: A case-control study was carried out by enrolling fifty pre-eclampsia cases and hundred low-risk
pregnant women within the age group of 18–40 years, at 28–34 weeks of pregnancy. The fasting glucose level,
fasting insulin level, insulin resistance, total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein
(LDL), malondialdehyde, the ferric reducing ability of plasma (FRAP assay), cardiac output and aortic wall
distensibility were measured.
Main outcome measures: There was a significant rise in the fasting blood glucose, fasting insulin, insulin re-
sistance levels, total cholesterol, triglycerides, LDL, and antioxidant levels in pre-eclamptic women (p < 0.001).
The cardiac output and aortic wall distensibility were observed to be low in the cases.
Conclusion: We conclude that abnormal lipid metabolism and high lipid peroxide concentrations observed in
pre-eclampsia may result in oxidative stress and vascular dysfunction.

1. Introduction

The etiopathogenesis of pre-eclampsia, one of the commonest
pregnancy specific complications is still elusive. Pregnancy results in
remarkable maternal metabolic adjustments and the presence of me-
tabolic syndrome components were perceived to be an important risk
factor for pre-eclampsia. The oxidative stress owing to hyperlipidemia
of pregnancy also contributes to pregnancy-related hypertensive dis-
orders. The toxaemia theory remains the favoured hypothesis in pre-
eclampsia which explains the role of the compromised placenta.
Metabolic syndrome is a group of conditions such as hypertension,
raised cholesterol, hyperglycemia, and excess body fat around the
waist, which double the risk of cardiovascular disorders (CVD). By
2020, cardiovascular disorders will be the largest cause of disability and
death in India, with 2.6 million Indians predicted to die due to CVD [1].
During pregnancy, women with pre-eclampsia are more likely to exhibit
relative hypertriglyceridemia, hypercholesterolemia and gestational
diabetes. These women continue to demonstrate elevated risk factors
for CVD such as impaired endothelial function, impaired glucose tol-
erance, insulin resistance and diabetes mellitus [2].Women with pre-
eclampsia should be counselled regarding the future cardiovascular

risks and risks for renal disorders. Pre-eclampsia foretells at least a two-
fold higher rate occurrence of cardiovascular diseases in later life [3].

Metabolic syndrome comprises a group of metabolic and physical con-
ditions with increased risk of diabetes mellitus and cardiovascular disorders.
The components of the metabolic syndrome mainly insulin resistance, in-
flammation and dyslipidemia in pregnancy lead to maternal endothelial cell
dysfunction and pre-eclampsia syndrome. The research strategies in pre-
venting pre-eclampsia related complications and cardiovascular sequelae
should mainly focus on the prevalence of metabolic syndrome in pregnant
women. Obesity and physical inactivity are currently considered the major
factors in the aetiology of metabolic syndrome. Meanwhile, genetic sus-
ceptibility, race, ageing, and endocrine disorders also play a vital role in the
development of metabolic syndrome. Insulin resistance was identified as the
dominant cause of metabolic syndrome by the World Health Organization
Task Force on Diabetes [4]. In order to diagnose metabolic syndrome in
pregnancy, WHO and National Cholesterol Education Program – Adult
Panel III [NCEP-ATP III] definitions were commonly used [5].

The physiologic cardiovascular changes occurring during pregnancy
ensure sufficient uterine blood flow, oxygenation, and nutrient delivery
to the fetus. A significant increase in the maternal cardiac output occurs
in normal pregnancy by the eighth week of pregnancy. Pre-eclampsia is
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not manifested in all cases as a state of decreased intravascular volume,
lower cardiac output and vasoconstriction. Oxidative stress was defined
as a biochemical imbalance between free radical damage and anti-
oxidant properties. Pregnancy itself may contribute to increased oxi-
dative stress leading to endothelial dysfunction and pre-eclampsia. An
established method for measuring the end products of increased oxi-
dative stress is to quantity the level of malondialdehyde [MDA] which
is a lipid peroxidation end product. Similarly, the ferric reducing ability
of plasma [FRAP] assay is one of the several methods developed to
assess the “total antioxidant capacity” of plasma. Metabolic syndrome
results in increased aortic stiffness which is often assessed by measuring
the aortic wall distensibility. Aortic elastic properties help in assessing
the function of large arteries and systemic vascular vasomotion.

This hospital-based study was carried out to evaluate the role of me-
tabolic syndrome components and oxidative stress factors among pregnant
normotensive women and preeclamptic women from South West India.
The main objectives were to compare the fasting blood glucose, fasting
insulin, insulin resistance, total cholesterol, Triglycerides, HDL (high-
density lipoprotein), LDL (low-density lipoprotein), malondialdehyde,
Ferric Reducing Ability of Plasma (FRAP assay), cardiac output and aortic
distensibility in normotensive and preeclamptic women.

2. Methodology

A case-control study was carried out by enrolling pregnant women
attending the outpatient department, at the Obstetrics and Gynecology
Department, Dr T MA Pai Hospital, Manipal Academy of Higher
Education between March 2014 and October 2015. Fifty pregnant
women within the age group of 18–40 years with blood pressure ≥140/
90mmHg and proteinuria>300mg or >+1 dipstick at 28–34weeks
of pregnancy were included as cases. Women with severe pre-eclampsia,
gestational diabetes mellitus, pre-gestational diabetes, chronic hy-
pertension, chronic renal disorders, women receiving aspirin and mul-
tiple pregnancies, were excluded from the study. Care was taken to
collect blood samples for analysis prior administering corticosteroids.
Hundred low-risk pregnant women, matched for age and gestational age,
without any medical or obstetric complications were enrolled as controls.
Women not willing to participate, women developing pre-eclampsia in
the control group, smokers or women with a history of illicit drug use,
women with renal or lipid disorders, and preeclamptic patients with
HELLP syndrome [Hemolysis, elevated liver enzymes, lowered platelet
count] were excluded. All the subjects were informed about the study in
the local language and informed written consent was obtained. The
sample size was determined by anticipating a standard deviation of
24.5mg/dl of triglycerides among normotensive pregnant women and
20mg/dl difference in preeclamptic pregnant women for a power of 80%
at 95% confidence level with 1:2 ratio for pre-eclamptic to normotensive
pregnant women. The study was reviewed and approved by the
Institutional Ethics Committee, Kasturba Medical College, Manipal (IEC
No: UEC/30/2013-14). The outcome variables studied were fasting blood
glucose, fasting insulin, fasting Cholesterol, Triglycerides, HDL, LDL,
Malondialdehyde, FRAP assay, cardiac output and aortic wall dis-
tensibility. In the present study, fasting blood glucose levels ≥105mg/dl
was considered hyperglycemia. The fasting plasma triglyceride value
≥291mg/dl and fasting plasma HDL value ≤34mg/dl were regarded as
hypertriglyceridemia and low HDL respectively.

The proteinuria was measured by TC URS-10 strips (Urine Reagent
Strips for urinalysis) from Teco Diagnostics. In order to test the fasting
glucose, fasting insulin, lipid profile and antioxidant assays, 7ml overnight
fasting venous sample was collected. The fasting blood sugar was esti-
mated using glucose oxidase and peroxidase methods by fully Automated
Analyzer Hitachi 902. The fasting insulin was measured by specific che-
miluminescence test [6]. Insulin resistance was calculated by Homeostasis
Model Assessment (HOMA) formula and HOMA index was used to eval-
uate the insulin resistance (IR) [7]. A value of HOMA-IR above 2.5 was
considered an indicator of insulin resistance. The total cholesterol,

Triglycerides, HDL cholesterol and LDL cholesterol were analyzed using
standard enzymatic methods on a fully Automated Analyzer Hitachi 902
[8]. Serum malondialdehyde, a product of lipid peroxidation, was mea-
sured by a thiobarbituric reaction described by Kei Sathoh [9]. The MDA
equivalents of the sample were calculated using an extinction coefficient
of 1.56×105M−1 cm−1 The FRAP assay was done as per the method
described by Benzie and Strain [10]. The cardiac output was calculated as
the product of stroke volume and heart rate derived from transthoracic M-
mode. The two-dimensional echocardiographic monitoring [AlokaSSD-
5500, Japan] was performed by experienced operators and M-mode
measurements were applied with the leading edge to leading edge prin-
ciple as recommended by the American Society of Echocardiography [11].
The stroke volume was calculated as the difference between end-diastolic
volume and end-systolic volume. The left ventricular end-diastolic and
end-systolic volumes are calculated according to the Teichholz formula.
The statistical analysis was carried out using SPSS 15.0 for Windows
(SPSS™ Inc., Chicago, IL, USA). The demographic data and baseline
characteristics were analysed using percentages for categorical data in-
cluding mean and standard deviation for the continuous data. Parametric
tests were used to compare the cases and controls (independent sample t-
test) as the data were normally distributed. The Pearson’s correlation
coefficient was used to estimate the correlation between the variables and
p-value < 0.05 was considered statistically significant.

3. Results

About fifty pregnant women with pre-eclampsia and hundred nor-
motensive women matched for age and gestational age were included.
The mean age was 27.3 years (SD= ±3) years and 27.4 years
(SD= ±3.8) in normotensive pregnant women and preeclamptic
women respectively (Table 1). The mean BMI in normotensive pregnant
women was 21.3 kg/m2 (SD= ±2.8) and in preeclamptic women
mean BMI was observed to be 23.8 kg/m2 (SD= ±3.1). The mean
gestational age was 32weeks 1 day (SD= ±8.3) and 33weeks 1 day
(SD=±8.1) in normotensive pregnant women and in pre-eclamptic
women respectively. The mean maternal weight gain was 10.6 kg
(SD=1.5) and 12.2 kg (SD=1.8) in controls and cases respectively
which was statistically significant (P value < 0.05).

Pre-eclampsia was not significantly associated with an increase in the
parity. However, 34% pre-eclamptic women enrolled in the study reported
a family history of hypertension which was significant. There existed a
significant difference in the levels of fasting blood glucose, fasting Insulin,
insulin resistance, total cholesterol, triglycerides, and LDL between the two
groups (p < 0.001) as shown in Table 2. However, there was no sig-
nificant increase in the HDL and malonaldehyde levels in pre-eclamptic
women antenatally. The plasma FRAP assay indicating the antioxidant
activity was significantly higher among pre-eclamptic women in com-
parison to controls (p < 0.001). The cardiac output and aortic wall dis-
tensibility were observed to be low in the pre-eclamptic women.

The serum malondialdehyde level was negatively correlated with total
cholesterol level which was insignificant in the pre-eclamptic cases
(r=−0.028, p-value- 0.849) as well as controls (r=−0.038, p-value-
0.706) as shown in Fig. 1. The antioxidant activity was negatively

Table 1
Demographic profile of study participants (n=150).

Demographic factors Control subjects
(n= 100)

Pre-eclampsia subjects
(n=50)

Age (years) 27.3 ± 3.0 27.4 ± 3.8
Primi gravida (nulliparas) 64 (64%) 32(64%)
Gestational age at sampling

(weeks)
32.1 ± 8.3 33.1 ± 8.1

*BMI at sampling (kg/m2) 21.3 ± 2.8 23.8 ± 3.1
Family history of hypertension 13% 34%

* BMI (body mass index).
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correlated with total cholesterol level in cases (r=−0.214, p-value 0.136)
which was demonstrated in Fig. 2. Meanwhile, there existed a positive
correlation between antioxidant activity (FRAP assay) and total choles-
terol levels in controls which was insignificant (r=0.191, p-value-0.06).

4. Discussion

The elevated cholesterol level in pregnancy leads to augmented lipid
peroxidation and formation of free radicals. There was a significant
elevation in total cholesterol levels as well as serum malonaldehyde le-
vels in pre-eclamptic women compared to controls even though the
malonaldehyde level was negatively correlated with high cholesterol
levels. The antioxidant levels were observed to be raised in the plasma of
pre-eclamptic women in spite of having a higher cholesterol. The stiff-
ness of the aorta is an independent indicator of cardiovascular mortality,
irrespective of previous cardiovascular events, ageing and diabetes
mellitus. Aortic stiffness is routinely measured by non-invasive pulse
wave velocity method (PWV). We employed M-mode and two-

dimensional echocardiography which provides high-resolution images to
assess the aortic stiffness. Pre-eclamptic women having metabolic risk
factors were observed to be associated with increased stiffness of aorta.

The stiffness of the aorta is an independent indicator of cardiovascular
mortality, irrespective of previous cardiovascular events, ageing and dia-
betes mellitus. Aortic stiffness is routinely measured by non-invasive pulse
wave velocity method (PWV). We employed M-mode and two-dimensional
echocardiography which provides high-resolution images to assess the
aortic stiffness. Pre-eclamptic women having metabolic risk factors were
observed to be associated with increased stiffness of the aorta.

Several studies have demonstrated that metabolic syndrome compo-
nents intensify the arterial stiffness in all age groups [12,13]. Dane et al
studied insulin resistance in the pre-eclamptic and normotensive group
and found that pre-eclamptic women were associated with significantly
high insulin resistance [14]. Women demonstrated an increased risk of
pre-eclampsia in the presence of hypertriglyceridemia which is one of the
main components of metabolic syndrome [15–18]. A Study by Hubel
et al showed that antepartum 50% raise in malondialdehyde con-
centration in women with pre-eclampsia [15]. A significant increase in
malondialdehyde levels was reported among pre-eclamptic women in
previous studies from Mangalore, India also [19,20]. The study by Visser
et al reported a lower cardiac stroke volume index and a higher systemic
vascular resistance index in untreated pre-eclamptic patients [18].
Meanwhile, the study by Easterling et al observed a significant increase
in cardiac output in pre-eclamptic women compared to normotensive
women [19]. Women with early-onset pre-eclampsia present with a
higher incidence of carotid wall thickness and greater risk of subclinical
atherosclerosis in later life [20]. A raised serum uric acid level is at-
tributed to the high antioxidant capacity of serum. Pre-eclampsia results
in an increase in total antioxidant capacity measured by TRAP (Total
Radical Trapping Antioxidant Potential) method and FRAP assay [21].
However, the influence of uric acid levels in the measurement of total
antioxidant capacity remains uncertain and require further research.
Harsem et al also reported a raise in both malondialdehyde and FRAP
levels in pre-eclampsia [22].

The disparity in the serum malonaldehyde elevation in pre-eclamptic
women in comparison to previous studies was mainly attributed to the

Table 2
Metabolic factors, lipid profile, antioxidant assays, hemodynamic parameters of
the study participants (n=150).

Cases (n= 50) Controls (n= 100) p-value

FBS (mg/dl) 90.6 ± 6.5 81.4 ± 6.6 < 0.001
Fasting insulin 19.3 ± 7.7 10.1 ± 4.0 < 0.001
Insulin resistance

(HOMA > 2.5)
4.3 ± 1.7 2.0 ± 0.8 < 0.001

Total cholesterol (mg/dl) 265.5 ± 57.7 217.2 ± 43.7 < 0.001
Triglycerides (mg/dl) 266.5 ± 82.4 168.8 ± 61.5 < 0.001
HDL(mg/dl) 53.6 ± 11.8 54.7 ± 10.2 0.546
LDL(mg/dl) 161.1 ± 32.5 135.2 ± 33.8 < 0.001
MDA (nmol/l) 0.36 ± 0.1 0.27 ± 0.1 0.250
FRAP ((nmol/l) 2.63 ± 1.0 1.29 ± 0.5 < 0.001
Cardiac output 4440.7 ± 803.2 5698.3 ± 1009.4 < 0.001
Aortic wall distensibiity

[cm2/dyn/103]
3.6 ± 0.7 4.1 ± 1.2 0.007

FBS (Fasting Blood Sugar), HOMA (Homeostasis Model Assessment), HDL (High
Density Lipids), LDL (Low Density Lipids), FRAP (ferric reducing ability of
plasma), MDA (Malondialdehyde).

Fig. 1. The serum malondialdehyde level was negatively correlated with total
cholesterol level which was insignificant in the pre-eclamptic cases
(r=−0.028, p-value- 0.849) as well as controls (r=−0.038, p-value-0.706).

Fig. 2. The antioxidant activity was negatively correlated with total cholesterol
level in cases (r=−0.214, p-value 0.136) which was demonstrated in Fig. 2.
Meanwhile, there existed a positive correlation between antioxidant activity
(FRAP assay) and total cholesterol levels in controls which was insignificant
(r=0.191, p-value-0.06).
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interassay and intraassay variations in laboratory techniques. There occurs
an elevation in circulating concentrations of LDL and VLDL (very low-
density lipoproteins) with advancing gestational age which is often re-
plicated as a marked increase in triglycerides and cholesterol [23]. Unlike
our study, most of the studies reporting high levels of cholesterol and serum
malondialdehyde enrolled women at 39–40weeks and followed up for in-
itial 48 h of delivery [15]. We enrolled pregnant women between 28 and
34weeks of gestation in this study. Our study was limited to a small geo-
graphic area and to ascertain the role of raised lipoproteins in pre-
eclampsia, uniform methodologies involving a larger number of patients at
varying gestational ages are essential [24]. However, pre-eclampsia patients
constitute a high-risk group for future metabolic syndrome and should be
followed up longterm for the development of cardiovascular diseases.

5. Conclusion

The present study indicates that abnormal lipid metabolism and
high lipid peroxide concentrations observed in pre-eclampsia may
contribute to oxidative stress and vascular dysfunction. Metabolic
syndrome components play an important role in hypertensive incidents
that occur during pregnancy.

Recommendations

Controlling deranged lipid parameters before pregnancy for in-
dividuals at high risk of pre-eclampsia may be considered. Since there is
a robust association of pre-eclampsia with future cardiovascular risks,
lifestyle modifications may be advised to women developing high blood
pressure during pregnancy.
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