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Lipoprotein (a) and Atherogenic Index of Plasma are
Indicators for Endothelial Dysfunction in Pregnancy-induced
Hypertensive Women
Visala Sree Jammalamadaga1, Palem Siva Prasad2

A b s t r ac t
Introduction: PIH is one of the most common causes of both maternal and neonatal morbidity. Endothelial dysfunction (ED) is a classic hallmark
for PE. The mechanisms involved in the induction of ED are poorly understood. The disorders in lipoprotein metabolism are one of the most
important causes for ED. AIP is another risk factor calculated by log (triglyceride/HDL-c) which is an indicator of atherosclerosis. The role of
Lp(a) in atherosclerosis and its ability to induce thrombosis makes it important in normal and complicated pregnancies. So, a study has been
designed to analyse the levels of Lp(a), Atherogenic index of plasma (AIP), and Nitric oxide (NO) in PIH women.
Materials & Methods: A cross-sectional analytical study involved normotensive, PE & E pregnant women with 100 subjects in each group. They
were investigated for serum Lp(a), NO in the 3rd trimester of pregnancy. Lp(a) was estimated by commercial kit method, NO was measured by
Griess method and AIP was calculated by standard formula log (triglyceride/HDL-c).
Results: The systolic blood pressure (SBP), diastolic blood pressure (DBP), AIP were significantly high and NO levels were significantly low
between 3 groups. The Lp(a) levels were significantly high in PE than controls. The Lp(a) and AIP were negatively correlated with NO.
Conclusion: Lp(a) and AIP are indicators to predict endothelial dysfunction in preeclampsia and eclampsia subjects. AIP may be better predicable
indicator than Lp(a), since it was significantly raised in both PE and E.
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Introduction
Pregnancy induced hypertension (PIH) is one of the most common
cause of both maternal and neonatal morbidity. Worldwide, 10 %
of all pregnancy women’s are complicated by hypertension, with
preeclampsia (PE) and eclampsia (E) being the major causes of
maternal and prenatal morbidity and mortality.1
In developing countries all over the world, about 8–10% of
pregnant women’s suffer with preeclampsia.2 The research findings
solidly confirm that the maternal mortality rate (MMR) is 400 out of
100,000 live births. In Africa 1:16 life time risk is recorded which is
the highest, compared to the Western nations (1:2800). Eclampsia
accounts for 12% of such deaths. 3 Approximately 12–25% of fetal
growth restrictions, small for gestational age babies as well as
15–20% of all preterm births are attributable to preeclampsia.4 In
developing countries, the preeclampsia and eclampsia are leading
threats to safe motherhood where women’s are seven times more
likely to develop PIH. In this scenario, it is assessed that 10–25%
of cases (an estimated ∼40 000 women) lead to maternal deaths
annually. 5 The national incidence of PIH is 15.2% in India, while it
is four times higher in primipara women than in multipara.6
Pregnancy induced hypertension is the appearance of
hypertension of more than 140/90 mm of Hg after 20 weeks of
gestation. When hypertension is allied with significant proteinuria
it is called preeclampsia. Pre-eclampsia complicated by seizures
is called eclampsia which is a major cause of maternal mortality.7
Endothelial dysfunction (ED) plays a focal role in the origin
of multisystem disorder that develops in preeclampsia. The
mechanisms involved in the induction of endothelial dysfunction
are poorly understood. Pregnancy is associated with physiological
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changes such as increase in lipids from first to third trimester in
order to satisfy energy and membrane demands of the developing
fetus. But, in pregnancy related disorders such as PE, maternal
plasma lipid levels were abnormally exaggerated.8 The disorders
in lipoprotein metabolism are one of the most important causes
for ED. Endothelial dysfunction is an early index of atherogenesis.9
Atherogenic index of plasma (AIP) has been recently proposed
as marker of plasma atherogenecity in coronary heart disease.
Atherogenic index of plasma is calculated by standard formula Log
(triglyceride/HDL-C).10
Lipoprotein-(a) [Lp(a)] is a subclass of lipoprotein, consisting
of a low-density lipoprotein (LDL) covalently bound via its
apolipoprotein-B100 portion to apolipoprotein-(a).11 It is a
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neglected element of the blood lipid profile. It is recognized as
a determinant of coronary heart disease progression and its role
in atherosclerosis and its ability to induce thrombosis make it
potentially important in the course of normal and complicated
pregnancies.12 So, a study has been designed to analyse the levels
of Lp(a), nitric oxide (NO) and atherogenic index in pregnancy
induced hypertensive women.

M at e r ia l s

and

Methods

A cross sectional analytical study was conducted in the
inpatient ward of the Department of Obstetrics and Gynecology,
Annapoorana institute of medical sciences & hospital (AMC&H),
Salem, Tamil Nadu from August 2012 to April 2017. The study was
approved by the Institutional Ethics Committee of AMC&H and
informed consent was obtained from all participants. PIH patients
were defined according to the NHBPEP (National high blood
pressure education programme) guidelines.13

Patients and Controls
Total 300 subjects were selected for the study. Among these
subjects 100 were normotensive pregnant woman who served as
control (Group 1), 100 were pre-eclamptic women (Group 2) and
remaining 100 are eclamptic women (Group 3). We separated the
study groups based on data collected from patient file at hospital
as follows. The mean systolic blood pressure (SBP) in 3 groups was
recorded as (116±5.45 vs. 162.18±18.26 vs. 170±15.52) mm Hg. The
mean diastolic blood pressure (DBP) in 3 groups was recorded as
(75±5.99 vs. 107.5±11.35 vs. 112.28±10.59) mm Hg. Pre-eclampsia
was defined as having a systolic blood pressure 140 mm Hg or a
diastolic blood pressure 90 mm Hg with proteinuria 300 mg/dL.
Signs and symptoms of PIH like swelling in the hands, face and
feet, severe headaches, abdominal pain, reduced output of urine
or no urine, blood in the urine, a change in reflexes, convulsion/
seizures, coma, dizziness, excessive vomiting, nausea and rapid
gain in weight were recorded. Eclamptic complications like
cerebro vascular, cardiovascular, visual, pulmonary, renal, hepatic,
hemostatic and obstetrical were also recorded.
Exclusion criteria: Individuals with past history of cardiac, renal,

hepatic illness, diabetes, and hypertensions were excluded.
Sampling: Five milliliters of ante-cubital venous blood sample was
collected from each subject after overnight fasting. Plane tubes
were used for serum and sodium citrate tube was used for plasma.
Plasma and serum were separated by centrifugation at 3000 rpm for
20 minutes.
Serum Lp(a) was estimated using immuno-turbidimetric
method14 commercially available standard kit (Agappe diagnostics)
in a semiautoanalyser. Triglyceride and HCL-C were measured
by Glycerol phosphate oxidase and peroxidase and ImmunoInhibition, 2 Reagent methods.15,16 The Atherogenic index of plasma
was calculated by using a formula log (TG / HDL-C). Nitric oxide (NO)
was done by using Griess method.17
Statistical analysis: The data was processed on computer software
package SPSS version 20. The numerical data was presented as
Mean±SD. One way ANOVA was used to evaluate mean differences
in maternal serum Lp(a), NO and AIP concentrations between
patients and controls. A value of P < 0.05 at 95% CI was considered
as statistically significant. Correlation was done by using pearson
correlation analysis.

R e s u lts
Table 1 shows the socio demographic characters between Controls,
PE and E groups .The Maternal age, Gestational weeks were almost
comparable between the 3 groups. The mean SBP/DBP was
significantly high in preeclampsia, eclampsia groups compared to
controls. The eclamptic women had displayed significantly higher
SBP& DBP levels compared to the pre-eclamptic women.
Table 2 shows the levels of Lp (a), Atherogenic index of plasma
(AIP) and NO between Controls, PE and E groups. The levels of
Lp (a), AIP are significantly high and NO levels were significantly
low in both PE & E women compared to normotensive pregnant
women. The Lp(a) levels were non-significantly high, AIP was
significantly high, NO levels were significantly low in eclamptic
women compared to the pre-eclamptic women.
Table 3 shows the correlation analysis between Lp(a) and AIP

Table 1: Sociodemographic characters between controls, PE and E groups
Controls

Preeclampsia

Eclampsia

Parameters

Mean

SD

Mean

SD

‘P’ value

Mean

SD

‘P’ value

‘P’ value
between PE &E

Age ( Years)

23.97

3.30

24.62

4.07

NS

25.71

3.71

<0.01**

NS

Gestational age (weeks)

31.57

2.67

32.42

3.12

NS

31.05

2.90

NS

NS

SBP (mm Hg)

116

5.45

162.18

18.26

<0.01

170

15.52

<0.01**

<0.01**

DBP (mm Hg)

75

5.99

107.5

11.35

<0.01

112.28

10.59

<0.05*

<0.01**

*Data expressed as mean ± SD. A p value of <0.05 is considered as significant.
**Data expressed as mean ± SD. A p value of <0.01 is considered as highly significant.

Parameters
Lp(a) (mg/dl)
NO (μmol/L)
AIP

Table 2: Lp (a), atherogenic index of plasma (AIP) and NO between study groups.
Controls
Pre-eclampsia
Eclampsia
Mean
SD
Mean
SD
‘p’ value
Mean
SD
‘p’ value
48.86
11.21
72.92
13.44
<0.01*
75.76
11.63
<0.01*
117.37
14.77
43.8
6.13
<0.01*
38.6
9.94
<0.01*
0.30
0.09
0.48
0.08
<0.01*
0.56
0.12
<0.01*

*Data expressed as mean ± SD. A p value of <0.01 is considered as highly significant.
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‘P’ value between
PE and E
NS
<0.01*
<0.01*
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Table 3: Correlation analysis of NO with between Lp(a) and AIP
Nitric oxide
Parameter
‘r’ value
‘p’ value
Lp(a)
-0.689
0.000*
AIP
-0.687
0.000*
*Pearson’s Correlation among NO, Lp(a) and AIP

with endothelial dysfunction marker (NO). The Lp(a) and AIP were
negatively correlated with Nitric oxide.

Discussion
Pregnancy induced hypertension, being the prominent cause
of maternal death and perinatal morbidity, the necessity for
a dependable marker in order to identify the disease in early
stages is increasing gradually. Endothelial dysfunction is
considered as a center to the multiple-organ pathophysiology of
preeclampsia-eclampsia.18 The clinical feature of PE is new onset of
maternal hypertension and proteinuria that resolves after delivery.
The release of seizure-provoking factors or other damaging
proteins or pro-inflammatory cytokines like TNF-α, HsCRP, IL-6 due
to maternal endothelial dysfunction in preeclampsia may lead to
Blood brain barrier disruption and increased permeability which
may cause seizure onset.19 The impairment in the bioavailability
of NO is considered as hallmark of endothelial dysfunction.20 NO
is an endothelium derived factor required for vasodilatation and
platelet activation inhibition. It is also involved in different stages
of pregnancy including implantation, maintenance of uterine
acquiescence during pregnancy, control of uterine contractions
and relaxation, basic physiological adaption for fruitful gestation
and regulation of blood pressure. 21 Our analysis had shown
a significantly lower NO levels in PE & E women compared to
the normotensive women. Eclamptic women had displayed
significantly lower NO levels than pre-eclamptic indicating that the
endothelial dysfunction plays an important role in the progression
and complication of the disease. ED also observed in several other
conditions like diabetes, smoking and physical inactivity.22 One of
the factor for ED is hyperlipidemia.23
In pregnancy, lipolysis of TG-rich lipoproteins like chylomicrons,
VLDL is reduced because of decreased lipolytic activities of the
mother, whereas placental VLDL receptors are up-regulated.24 This
results in a rerouting of TG-rich lipoproteins to the fetoplacental
unit. However, in PIH, the vascularization of the fetoplacental
unit may be impaired, resulting in yet-undefined compensatory
mechanisms that may further increase synthesis of maternal TG
levels. In addition, the decreased catabolism of TG -rich lipoproteins
results in the accumulation of TG- rich remnant lipoproteins
in the maternal circulation. Remnant lipoproteins may induce
platelet activation and endothelial dysfunction, thus leading
to the major clinical symptoms of PIH.25 The similarity between
this and the process of atherosclerosis together with the antifibrinolytic properties of Lp(a) has led to consider the role of Lp(a)
in preeclampsia.
Lipoprotein-(a) is a subclass of lipoprotein, consisting
of a low-density lipoprotein (LDL) covalently bound via its
apolipoprotein-B100 portion to apolipoprotein-(a) [Apo(a)].
Lp(a) forms an important part of the clinical biomarker profile
of patients with CHD and heart failure. In addition to the role
of Lp(a) in atherosclerosis, the Apo(a) element of Lp(a) has a

structure similar to plasminogen, allowing Lp(a) particles to
reduce the physiological fibrinolytic activity of plasminogen by
competitively binding endothelial plasminogen receptors. It is
this pro-thrombotic effect, together with Lp(a) accumulation
in atherosclerotic lesions that is thought to predispose those
with high levels to CHD. 26 In the current study the Lp(a) levels
were significantly high in pre-eclamptic and eclamptic women
compared to the normotensive pregnant women. The Lp(a) levels
were non-significantly high in eclamptic women compared to
the PE women. In agreement with our study, few studies had
demonstrated that the higher Lp(a) levels were associated with
severity of disease. 27–29 This increase might be due to more
widespread endothelial cell damage, necessitating increased
levels of Lp(a) to act both as an acute phase protein and as a vehicle
for cholesterol deposition at the site of dysfunction. 30 However
some studies had demonstrated no change in the level of Lp (a),
this might be due to the differences in the method used, study
design, sample sizes and ethnicity of study population. 31,32 It was
also stated that the association between Lp(a) and cardiovascular
outcomes may differ by race/ethnicity. 33
In the present study the atherogenic index of plasma (AIP) was
calculated. The mean of AIP in PE and E was significantly higher than
that of control group. In eclamptic women the AIP was significantly
higher than PE women. The AIP was calculated as log (TG/HDL-C) has
been proposed as a marker of plasma atherogenicity.34 Our findings
were in agreement with other studies. 35 A positive significant
correlation between AIP and systolic blood pressure was observed
by Singh, M et al., 2015. 36 This might be due to elevated TC level,
reduced HDL-C level and ROS which may lead to the fatty deposition
in the vessel walls. This may predispose the patients for coronary
heart disease in future. Our results can be interpreted in such a
way that plasma lipids in normal pregnancy are at atherogenic
levels and were more abnormal in preeclampsia and eclampsia.
These abnormalities in lipid profile turn out to be a risk factor for
cardiovascular complications. Evaluation of the atherogenic indices
during pregnancy may help to prevent this risk.
Endothelial dysfunction was significantly negative correlation
with AIP and Lp(a). These parameters are significant factors
which develop pathological changes in PIH and leads to vascular
complications. Since, the present study has proved the correlation
among AIP, Lp(a) & endothelial dysfunction. The elevated levels
of Lp(a) & AIP may be considered as better indicators to predict
endothelial dysfunction and its complications in PIH.

C o n c lu s i o n
Our results indicate that the women with PE & E exhibit markedly
elevated concentrations of TGL-rich lipoproteins. The negative
correlation of NO with AIP and Lp(a) indicates the high risk of
endothelial dysfunction in PIH women.
So, early careful monitoring of Lp(a) and AIP might be helpful
to predict the commencement and advancement of ED. It may help
in emerging approaches for diagnosis and prevention of maternal
and fetal complications.

L imi tat i o n s

of the

S t u dy

1. The placental histopathological studies could not be done.
2. Further study needs to be focus on parity of patients.
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