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IntrOductIOn
Cardiovascular Diseases (CVD) rank first among the causes of 
significant morbidity and mortality in industrialised countries, of which 
Coronary Artery Disease (CAD) is the most common [1]. Coronary 
artery disease presents with a characteristic set of symptoms 
such as chest pain or discomfort which starts in the centre or left 
side of the chest, radiating to the shoulders and sometimes to 
the upper limbs, dyspnoea, nausea, giddiness etc. Sometimes, 
this pain mimics indigestion or heartburn and goes unnoticed. 
In a smaller fraction of people, it is asymptomatic and is called a 
silent CAD [2]. The diagnostic workup of CAD includes a complete 
and extensive elicitation of history to exclude the anticipated risk 
factors, a thorough clinical examination, risk scoring systems, blood 
investigations such as lipid profile and certain biomarkers, chest 
X-ray, electrocardiogram, echocardiogram, ultrasound imaging of 
coronary vasculature, coronary angiogram and nuclear imaging [3].

Traditional risk factors for CVD include dyslipidemia, diabetes 
mellitus, hypertension, smoking, alcoholism, obesity, sedentary 
lifestyle and unhealthy dietary habits [4]. In addition, psychosocial 
stress also plays a major role in the causation of the disease [5]. 
A parental family history of death due to CAD is associated with 
a higher risk in both men and women [6]. All these risk factors 
have an independent tendency to predispose to the pathogenesis 
of CAD by promoting inflammatory processes in the coronary 
vasculature. A number of risk scoring systems such as Framingham 
risk score, Prospective Cardiovascular Munster (PROCAM) scores 
and Systematic Coronary Risk Evaluation (SCORE) scores are 
being followed to stratify the future risk of coronary events [7]. Since 
inflammation and atherosclerosis play a central role in causation 
of CAD, many inflammatory markers such as C-Reactive Protein 

(CRP), Interleukin-1(IL-1), fibrinogen, homocysteine etc have come 
up which are being routinely used for Cardiovascular (CV) risk 
stratification [8]. There are a few novel biomarkers like Lipoprotein-
associated Phospholipase A2 (LpPLA2), Placental growth factor etc 
which are under the process of research for screening and diagnosis 
of CAD [4,9].

The LpPLA2, also known as Platelet Activating Factor Acetyl Hydrolase 
(PAF-AH) is a recently discovered, potentially useful biomarker 
for CVD. LpPLA2 has an active site made up of Serine, Histidine 
and Aspartic acid triad [10], unlike the other phospholipases which 
have dyads. The C-terminal of this enzyme is found to be required 
for its binding to High Density Lipoprotein (HDL) and Low Density 
Lipoprotein (LDL). LpPLA2 circulates in the blood mainly in association 
with LDL, HDL and also with Lipoprotein-a (Lp-a). Majority of the 
LDL associated LpPLA2 is bound to the atherogenic small dense 
LDL. It has two prominent biological activities viz., it inactivates the 
potent proinflammatory mediator, Platelet Activating Factor (PAF) 
and it hydrolyses the oxidatively modified polyunsaturated fatty 
acids, to produce Lysophosphatidyl choline (LysoPC) and oxidised 
Non Esterified Fatty Acids (ox NEFA) [10]. The LysoPC upregulates 
certain proinflammatory cytokines, adhesion molecules and Monocyte 
Chemoattractant Protein-1 (MCP-1) and ox NEFA has potent 
monocyte chemoattractant property, thus, promoting inflammation.

It has been proved that the factor which determines the role of 
LpPLA2 in atherosclerosis, proatherogenic or antiatherogenic, is the 
type of lipoprotein with which it is associated. While it is found that 
LDL-associated- LpPLA2 has a positive relationship with the risk of 
future cardiac events, HDL associated LpPLA2 and Lp-a associated 
LpPLA2 are found to be antiatherogenic [11]. However, there is no 
adequate literature that established a relation between LpPLA2 

V Veena1, M GaneSh2, Santhi SilaMBanan3

 

Keywords: Age, Biomarkers, Body mass index, Cardiovascular diseases, Inflammation

ABStrAct
Introduction: Cardiovascular Diseases (CVD) are a major cause 
of significant morbidity and mortality in industrialised countries, of 
which Coronary Artery Disease (CAD) is the most common. The 
diagnostic workup of CAD has improved over the years starting 
from conventional investigations like Electrocardiography (ECG) 
to invasive procedures like coronary angiogram. Moving forward, 
numerous novel inflammatory biomarkers are coming up to 
diagnose CAD.

Aim: To assess the role of Lipoprotein associated Phospholipase A2 
(LpPLA2) as an independent predictor of CAD. 

Materials and Methods: This case-control study was conducted 
in the Inpatient Department of Cardiology at Sri Ramachandra 
Medical College and Research Institute, Chennai, Tamil Nadu, 
India, from September 2014 to November 2014. Participants 
without significant blockage in the coronary arteries and 
without detectable atheroma served as controls and those 
with detectable atheroma and significant blockage in coronary 

arteries served as cases. Peripheral blood samples of 80 male 
patients aged over 40 years undergoing Coronary Angiography 
were processed for LpPLA2 levels. Mean and Standard deviation 
was calculated for the parameters included in the study. All 
statistical analyses were performed using Statistical Package 
for Social Sciences (SPSS) version 15.0.

results: Mean age of the participants in the control group was 
51.75±8.74 years and that of the case group was 59.15±11.31 
years. The mean LpPLA2 level in the cases was found to be 
higher than that in the controls and the difference was statistically 
significant (p-value <0.05). No correlation was noted between 
the age and Body Mass Index (BMI) of both the groups with 
their respective LpPLA2 levels.

conclusion: The current study showed that LpPLA2 can be used 
as a potential independent predictor of CAD, thus minimising the 
usage of invasive investigations and favouring the psychosocial 
and economic welfare of the patients.
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StAtIStIcAl AnAlySIS
Mean and standard deviation was calculated for the parameters 
included in the study. Independent student unpaired t-test was 
performed to determine whether there is a statistically significant 
difference between parameters among the two groups. Pearson’s 
correlation coefficient was used to assess the relationship between 
the variables and to assess the strength and direction of association 
between two variables. A p-value <0.05 was considered statistically 
significant. All statistical analyses were performed using Statistical 
Package for Social Sciences (SPSS) version 15.0 (SPSS Inc., 
Chicago. IL, USA).

rESultS
The clinical and demographic characteristics of both cases and controls 
were tabulated in [Table/Fig-1]. Mean age of the participants in the 
control group was 51.75±8.74 years and that of the case group was 
59.15±11.31 years. The distribution of the study participants based on 
their presenting symptoms is shown in [Table/Fig-2]. Majority (42.5%) 
of controls were in the age group of 40-50 years and 40% of cases 
were in the age group 61-70 years. Mean height of cases and controls 
were 162.28±7.96 cm and 158±7.67 cm (p-value=0.86) and mean 
weight were 74.72±13.53 kg and 64.63±9.95 kg (p-value=0.003). 
About 47.5% of controls had a BMI <25 kg/m2 and 92.5% of cases 
had a BMI >25 kg/m2 [Table/Fig-3]. The mean age as well as BMI of 

and subclinical atherosclerosis [12]. Thus, the inclusion of patients 
with normal coronary arteries on angiography had an advantage 
over population-based controls, as it ruled out the presence of 
subclinical coronary disease. The aim of this study is to assess the 
role of LpPLA2 as an independent predictor of CAD.

Objectives:

•	 To	estimate	the	serum	level	of	LpPLA2	in	the	controls	as	well	
as cases of CAD who had undergone coronary angiography.

•	 To	find	whether	there	is	any	statistically	significant	difference	in	
LpPLA2 levels between the controls and cases and to assess 
the correlation between the age and BMI of both the groups 
with their respective LpPLA2 levels.

MAtErIAlS And MEthOdS
This case-control study was conducted in the Inpatient Department 
of Cardiology at Sri Ramachandra Medical College and Research 
Institute, Chennai, Tamil Nadu, India, from September 2014 to 
November 2014. The study was performed in agreement with 
specifications as recommended by the Institutional Ethics Committee, 
Sri Ramachandra Medical College and Research Institute (Ref: CSP-
MED/14/SEP/18/165). A written informed consent was obtained from 
each participant before commencement of the study. The study 
included 80 males undergoing coronary angiography. Subjects 
were chosen based on convenient sampling. Out of 110 selected 
study participants (after including 40 as cases and 40 as controls), 
20 cases and 10 controls were excluded.

Control group•	  (n=40): All participants without significant blockage 
in the coronary arteries and without detectable atheroma. 

Cases group•	  (n=40): All participants with detectable atheroma 
and significant blockage in coronary arteries.

inclusion criteria: Male patients, aged >40 years having hypertension 
and hyperlipidaemia. The reason for choosing male patients was the 
higher levels of LpPLA2 (more than 200 ng/mL) and thus a greater 
correlation found in males compared to females in the previous studies 
[4]. Inadequate number of female patients admitted for coronary 
angiogram during that particular period was another reason. 

exclusion criteria: Female patients and patients with diabetes mellitus, 
renal disease, chronic inflammation or infection, previous history of 
coronary artery intervention, malignancy or thyroid disorders were 
excluded from the study. 

Procedure
The patient data was collected through case reports. All patients 
were interviewed for a full medical history including age (years), 
family history of diabetes, hypertension and dyslipidemia. A thorough 
elicitation of clinical history was done which revealed history of 
symptoms like profuse sweating, left sided chest pain, vague 
chest discomfort, left shoulder pain, back pain, and palpitations. 
The general physical examination included measurement of height, 
weight and vital signs including pulse rate and blood pressure. BMI 
was calculated using the formula:

BMI=Weight in (kilograms)/Height in (metres2)

The controls and cases were divided into two groups based on BMI 
(BMI <25 kg/m2 and BMI >25 kg/m2).

Peripheral venous blood samples of about 3 mL were collected 
under strict aseptic conditions, from all the 80 participants. The 
samples were collected in yellow topped serum separator tubes 
and incubated for 30 minutes for clot formation at 28° to 30°C 
and centrifuged at 3500 rpm for 5 minutes. Serum samples of 
0.5 to 1 mL were taken in eppendorfs, labeled appropriately and 
stored at -20°C. Human serum LpPLA2 was measured using R&D 
systems Human PLA2G7/PAF-AH/Lp-PLA2 Quantikine Enzyme-
Linked Immunosorbent Assay (ELISA) Kit, catalogue number DPLG70 
following the kit instructions. This assay employs the quantitative 
sandwich enzyme immunoassay technique.

Parameter
Cases 

(Mean±SD)
Controls 

(Mean±SD)
p-value 

( Unpaired  student’s t-test)

Age (years) 59.15±11.31 51.75±8.74 0.002

BMI (kg/m2) 28.23±3.88 26±4.4 0.02

Pulse rate (/min) 82.1±5.85 76.2±5.98 0.0001

Blood pressure

Systolic blood 
pressure (mmHg)

142.4±9.27 128.2±5.16 0.0001

Diastolic blood 
pressure (mmHg)

90.3±6.26 84.05±5.80 0.0001

lpPla2 (ng/ml) 252.13±94.61 114.34±76.47 <0.05

Family history n (%)

Diabetes mellitus 25 (62.5%) 13 (32.5%) -

Hypertension 24 (60%) 10 (25%) -

Dyslipidemia 26 (65%) 14 (35%) -

[table/Fig-1]: Demographic and clinical characteristics of cases and controls.
p-value <0.05 was considered as statistically significant

Variables Controls (n, %) Cases (n, %)

BMi (kg/m2)

<25 19 (47.5) 3 (7.5)

>25 21 (52.5) 37 (92.5)

age (years)

40-50 17 (42.5%) 11 (27.5%)

51-60 16 (40%) 8 (20%)

61-70 6 (15%) 16 (40%)

>70 1 (2.5%) 5 (12.5%)

[table/Fig-3]: Distribution of age and Body Mass Index (BMI) among controls and 
cases.

Variables Cases n (%) Controls n (%)

Sweating 9 (22.5) 5 (12.5)

Left sided chest pain 21 (52.5) 2 (5)

Chest discomfort 1 (2.5) 22 (55)

Left shoulder pain 2 (5) -

Back pain 3 (7.5) 9 (22.5)

Palpitations 4 (10) 2 (5)

[table/Fig-2]: Distribution based on presenting symptoms in cases and controls.
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cases was found to be higher when compared to those of controls. 
The mean LpPLA2 level in the cases was found to be higher than that 
in the controls and the difference was statistically significant (p-value 
<0.05) [Table/Fig-1]. 

Correlation between LpPLA2 levels with age and BMI in both the 
groups as well as in the overall subjects were assessed and was not 
found to be statistically correlated [Table/Fig-4-6].

The present study was primarily aimed at determining the ability of 
LpPLA2 to detect the presence of CAD, thus negating the need for 
invasive diagnostic procedures like Coronary Angiogram. Sabatine 
MS et al., in his study have found LpPLA2 as a superior marker 
of CAD, when compared to other traditional markers such as high 
sensitivity C-Reactive Protein (hsCRP) and Homocysteine (HCY) 
[20]. Packard CJ et al., in their study has found LpPLA2 associated 
with the risk of CAD and not being confounded by factors like age, 
systolic blood pressure [18]. Bhatti S et al., have found that the latest 
evidence are in favour of LpPLA2 in determination of cardiovascular 
risk over the conventional risk factors and biomarkers [19]. Thus, 
several previous studies have established the potential of LpPLA2 as 
a marker of CAD, which kindled the interest and curiosity to assess 
its levels in the CAD patients admitted in our hospital [18,19,20].

Brilakis ES et al., has shown an association between LpPLA2 
levels and severe angiographic CAD along with many other authors 
[4,21]. Moreover, Rotterdam study, which was done in an attempt to 
assess the relationship of LpPLA2 with subclinical atherosclerosis, 
had failed to establish the same [12]. Thus, the inclusion of patients 
with normal coronary arteries on angiography had an advantage 
over population-based controls, as it ruled out the presence of 
subclinical coronary disease.

The present study population included 80 participants (male), 
of which 40 were controls and 40 were cases. The reason for 
choosing male, is the higher levels of LpPLA2 and thus a greater 
correlation were found in men compared to women in the previous 
studies [4,22]. Brilakis ES et al., showed a significant difference 
between males and females in his studies (p-value <0.003 and 
p-value <0.001, respectively) [4,22]. The reason for the lower 
levels in women is believed to be due to the negative regulatory 
effect of their high oestrogen levels on LpPLA2 mass and activity 
[23]. West of Scotland Coronary Prevention Study (WOSCOPS) 
which was similarly done exclusively in males, had found LpPLA2 
as an independent predictor of cardiovascular risk, which was not 
associated with other traditional risk factors like CRP, fibrinogen, white 
blood cell count, age, triglycerides, LDL, HDL and hypertension [18].

Several lines of evidence showing elevated LpPLA2 levels due to the 
presence of Rheumatoid Arthritis (RA) [24] and Non Alcoholic Fatty 
Liver Disease (NAFLD) are available [25]. Though the present study 
population did not include patients with such conditions, there is 
always a possibility for the presence of subclinical manifestations of 
these disorders.

The mean and standard deviation of LpPLA2 level in the controls 
group was 114.34±76.47 ng/mL and in cases was 252.13±94.61 ng/
mL [Table/Fig-1]. A statistically significant difference was observed 
in the LpPLA2 levels of controls and cases groups (p-value <0.05). 
This is in agreement with the results of several other previous studies 
done with the aim of determining the potential of LpPLA2 to be a 
biomarker of CAD [Table/Fig-7].

Group age (years) lpPla2 (ng/ml)
Pearson’s correlation 

coefficient p-value

Controls 51.75±8.74 114.34±76.47 -0.035 0.830

Cases 59.15±11.31 252.13±94.61 -0.089 0.584

[table/Fig-4]: Correlation between age and LpPLA2 between the groups.
p-value <0.05 was considered as statistically significant

Group BMi (kg/m2) lpPla2 (ng/ml)
Pearson’s correlation 

coefficient p-value

Controls 26±4.4 114.34±76.47 0.135 0.406

Cases 28.23±3.88 252.13±94.61 -0.191 0.237

[table/Fig-5]: Correlation between BMI and LpPLA2 between groups.
p-value <0.05 was considered as statistically significant

Parameters

lpPla2 (ng/ml)
Pearson’s 
correlation 
coefficient p-value

Control 
(Mean±SD)

Cases 
(Mean±SD) 

Age (years) 55.45±10.71837 190.92±133.39 0.175 0.278

BMI (kg/m2) 27.12125±4.305125 190.92±133.39 0.122 0.452

[table/Fig-6]: Correlation of age and BMI with LpPLA2 levels in overall subjects.
p-value <0.05 was considered as statistically significant

dIScuSSIOn
Coronary artery disease has been recognised as the most common 
of the cardiovascular diseases, which account for majority of the 
morbidity and mortality in developed as well as developing countries. 
There is extensive evidence available linking the aetiopathogenesis 
of CAD to inflammation and atherosclerosis [13]. The initial trigger 
for inflammation and thus atherosclerosis is vascular endothelial 
injury. This leads to an imbalance between vasodilator and 
vasoconstrictor substances and endothelial cell activation, thus 
promoting atherosclerosis [14]. CAD presents with a typical set of 
symptoms such as pain in left side or centre of the chest, radiating 
to left shoulder and back, dyspnoea etc. At times, these symptoms 
are subclinical, mimicking heartburn or indigestion, leading to a 
missed diagnosis [15].

As stated earlier, inflammation and atherosclerosis are the key 
factors in the causation of CAD and many inflammatory markers like 
hs-CRP, homocysteine, Interlukin-1, are being used as markers for 
cardiovascular risk stratification [8]. However, all these conventional 
markers used are not specific for cardiac disease and have their 
own limitations. Hence, they cannot be adopted for routine clinical 
use. Thus, there is a need for a cardiac specific marker which can 
aid in the early diagnosis and risk stratification of CAD. Lipoprotein 
associated Phospholipase A2 (LpPLA2) is one such novel biomarker 
of CAD.

LpPLA2, also known as PAF-AH is a phospholipase enzyme, which, 
in humans is encoded by PLA2 G7 gene. Its synthesis is regulated 
by various inflammatory cytokines such as Interferon-γ and 
lipopolysaccharides at the transcriptional level [16]. The LpPLA2 
has limited expression in leukocytes and unstimulated monocytes, 
whereas, it is induced during differentiation to macrophages and in 
foam cells [17]. It has two prominent biological activities like, inactivation 
of the potent proinflammatory mediator PAF (antiatherogenic), and 
hydrolysis of the oxdatively modified polyunsaturated fatty acids, to 
produce proinflammatory mediators such as LysoPC and ox NEFA 
(proatherogenic). However, a large body of evidence favours the 
proatherogenic property of LpPLA2 [18,19].

author of study Study design
Place and year of 

publication
lpPla2 level 

(cases/controls)

Oei HS et al., [12] 
Case cohort 

study
Rotterdam, 

Netherlands, 2005
49±11/44±12* 

Packard CJ et 
al., [18]

Case-control 
study

Scotland, 2000
2.37±0.52/2.27±0.57 

(mg/L)

Sabatine MS et 
al., [20]

Case cohort 
study

Massachusetts, 
United States of 
America, 2007

222.4 ng/mL

Daniels LB et 
al., [26]

Case-control 
study

California, United 
States of America, 

2008
538±180/494±167°

Nambi V and 
Ballantyne CM 
[27]

Case cohort 
study

Texas, United 
States of America, 

2006
404/373 µg/L^

Jenny NS et al., 
[28]

 Case cohort 
study

Vermont, United 
States of America, 

2010
340/360°
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In the current study, a statistically significant difference was noted 
between the age and BMI of controls and cases (p-value=0.002 
and p-value=0.02 respectively). However, the correlation between 
age as well as BMI with LpPLA2 levels in both the controls group 
(p-value=0.830, p-value=0.406) and the cases group (p-value=0.584, 
p-value=0.237) was not statistically significant. Similar results were 
obtained by other authors in their study (p-value was 0.92 and 0.91 for 
the correlation between age and BMI with LpPLA2 levels respectively) 
[4]. Thus, age and BMI are not associated with LpPLA2 levels in 
controls as well as cases.

The advantage of LpPLA2 over other inflammatory markers such 
as CRP, fibrinogen is that it is not influenced by factors like chronic 
inflammation, obesity and insulin resistance and can be used as 
a potentially independent marker which is directly involved in 
atherogenesis [18]. Elevated LpPLA2 levels are also found to 
independently predict adverse cardiovascular outcomes [20].

Thus, the advent of such a novel, independent, less biovariable, 
cardiac specific marker can be effectively used in early detection 
and risk stratification of CAD, thus leading to a significant reduction 
in the associated morbidity and mortality rates.

limitation(s) 
Female study participants were not included and the correlation 
of parameters like diabetes, hypertension and dyslipidemia with 
LpPLA2 levels were not studied.

cOncluSIOn(S) 
In view of the statistically significant difference between the LpPLA2 
levels in the controls and cases groups and due to the lack of 
association of LpPLA2 levels with age and BMI, LpPLA2 may 
be useful as a potential independent predictor of CAD and thus, 
reduced usage of invasive procedures like coronary angiogram 
might eventually have a positive effect on the psychosocial and 
economic welfare of the patients. This study may be done with 
a larger sample size and correlation with severity of CAD may be 
studied in future studies.
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