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Background: The pathomechanism of CVD is a complex and multifactorial process. The 
primary mechanism of CVD is atherosclerosis. Inflammation in atherogenesis raises the risk 
of hypoxia, which will activate hypoxia-inducible factor-1α (HIF1A). Also, together with 
lipoprotein-associated phospholipase A2 (Lp-PLA2), an inflammatory mediator for 
atherogenesis.
Purpose: This study aims to measure the hypoxia-inducible factor-1α (HIF1A) expression 
and its correlation to Lp-PLA2 expression at low-risk, intermediate, and high-risk CVD 
populations.
Patients and Methods: The study used a correlational analysis method with a total 
sampling technique in 160 individuals in the risk population. The atherosclerosis risk 
group was analyzed using the Framingham Risk Score and categorized into low, intermedi-
ate, and high-risk groups. Venous blood samples taken from respondents were measured 
using the ELISA method with Lp-PLA2 and HIF-1α as parameters. Data were analyzed 
using normality test, homogeneity test, one-way ANOVA, post hoc–Tukey HSD, and 
Pearson correlation.
Results: The concentration of HIF1A had a very strong correlation with Lp-PLA2 expres-
sion, both in the low-risk group (r = 0.512), intermediate (r = 0.512), and high (r = 0.715) (P 
<0.05). However, the concentrations of Lp-PLA2 did not match the FRS.
Conclusion: HIF1A expression increased with increasing risk, while Lp-PLA2 expression 
decreased with increasing risk of atherosclerosis based on the FRS category. There is 
a significant correlation between HIF1A expression and Lp-PLA2 expression based on FRS.
Keywords: cardiovascular disease, atherosclerosis, HIF1A, Lp-PLA2, Framingham Risk 
Score

Introduction
Cardiovascular Disease (CVD) is one of the main causes of mortality in the world 
in the last 15 years, and the incidence rate is predicted to continuously increase.1,2 

More than 36 million people die every day in Indonesia, mainly due to CVD. CVD 
is a disease caused by several major risk factors, including dyslipidemia (high 
levels of LDL and low HDL), hypertension, smoking, diabetes mellitus, obesity, 
lack of physical activity, age, and a family history of heart disease.3,4

The mechanism that underlies the occurrence of CVD is atherosclerosis. 
Atherosclerosis is a chronic inflammatory reaction of blood vessel walls, which 
respond to dyslipidemia and endothelial dysfunction involving leukocytes and 
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endothelial cells.5 During the inflammatory process, there 
is also an active cell metabolism, which causes an increase 
in oxygen demand and a reduction in oxygen supply, 
which causes hypoxia.6,7 This hypoxic effect occurs 
because it is mediated by macrophages that can change 
anaerobic and aerobic metabolism, leads to an increase in 
oxygen demand.8 In the human body, there is an integrated 
role, which is a response to low oxygen concentrations 
through activation of hypoxia-inducible factor-1α 
(HIF1A).9,10 The progression of atherosclerotic lesions 
leads to angiogenesis vasa vasorum, which causes athero-
sclerotic plaques to become expanded, brittle, and 
unstable.11 This study aims to measure the hypoxia- 
inducible factor-1α (HIF1A) expression and its correlation 
to Lp-PLA2 expression at low-risk, intermediate, and 
high-risk CVD populations. Besides, there is a role for 
phospholipids, namely lipoprotein-associated phospholi-
pase A2 (Lp-PLA2). Lp-PLA2 hydrolyzes the short-chain 
–oxidized LDL (oxLDL), which then produces 
Lysophopshatidylclcholine (LysoPC) as well as nonester-
ified fatty acid (OxNEFA) oxidation. OxNEFA has potent 
chemotactic activity, while LysoPC acts to upregulate 
inflammatory mediators, such as cytokines, adhesion 
molecules, and MCP-1 chemotactic mediators.12 These 
inflammatory mediators are expressed on the necrotic 
core of atherosclerotic plaque and areas rich in macro-
phages. Lp-PLA2 can also be a biomarker for the devel-
opment of atherogenesis.13

FRS is an instrument used to categorize the risk of 
CVD in the future. FRS is classified into low, intermediate, 
and high risk. Until now, there are very few studies that 
analyze the expression of HIF-1a and its correlation of 
Lp-PLA2 in the early stages of atherosclerosis pathome-
chanism. The clarity of the disease’s pathomechanism is 
essential for clinicians to determine the right target 
therapy.

Patients and Methods
Research Subjects
This study used a descriptive correlational analytic method 
using venous blood samples taken from a population with 
a risk of atherosclerosis. The population in the study 
involved 160 people who were present at heart health 
checks. The inclusion criteria for atherosclerosis risk sam-
ples are age >30 years, obesity, smoking, total cholesterol 
>200 mg/dL, HDL cholesterol <40 mg/dL, and systolic 
blood pressure ≥140 mmHg, and a history of families with 

cardiovascular disease. Furthermore, the samples were 
grouped based on the Framingham Risk Score (FRS) into 
three categories: low, intermediate, and high risk.

Measurement Expression of HIF1A and 
Lp-PLA2
A complete blood count was carried out at the Central 
Laboratory of the Saiful Anwar Malang Hospital. Analysis 
of blood samples to determine the concentration of HIF1A 
and Lp-PLA2 using ELISA at the Biosciences Laboratory 
of Brawijaya University follows the manufacturer’s proto-
col. The blood plasma dissolved in a coating buffer (1:50), 
then added to the well by 50 µL on each well. Incubation 
was carried out overnight at 4° C in dark conditions. After 
a night, incubated wells and antigen washed with 0.05% 
PBS–Tween 20, each well 50 µL, three times with each 
incubation for 3 minutes. The subsequent incubation with 
PBS-BSA 2% as buffer coating 50 µL for each well for 2 
hours at room temperature. Buffer coating was then dis-
carded and washed using PBS–Tween 20 0.05% three 
times with each incubation for 3 minutes. Incubation of 
the diluted primary antibody in PBS-BSA 1% (1: 200–1: 
500) is 2 hours at room temperature. Primary antibodies 
washed PBS–Tween 20 0.05%, each well 50 µL, three 
times each for 3 minutes. Incubation of the diluted sec-
ondary antibodies in PBS-BSA 1% (1: 1000–1: 2500) 50 
µL each well, then washed. Incubation of the diluted 
strepavidin–horseradish peroxidase (SA-HRP) (1: 1000) 
carried out for 40–60 minutes at room temperature, then 
rinsed. Incubation of BCIP/NBT carried on 30 minutes at 
room temperature. A stop reaction buffers 3M HCl solu-
tion added for each well, then immediately measured at 
450 nm using a micropipette reader.

Ethical Clearance
This experimental design has approved by the Ethics 
Committee of the Faculty of Medicine, Brawijaya 
University, Malang, Indonesia, by registered number: 149/ 
EC/KEPK/08/2020. All of the patients provided informed 
consent to participate in this study, and that it was conducted 
in accordance with the Declaration of Helsinki.

Statistical Analysis
Data analysis used the IBM SPSS v.17 application with 
a confidence level of 95% (P < 0.05). Normality test with 
Kolmogorov–Smirnov, followed by one-way ANOVA to 
determine the mean difference among categories of risk 
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CVD. Correlations between variables were analyzed using 
Pearson’s correlation test.

Results
Baseline Characteristics of Respondents
The respondents’ characteristics in this study shown in 
Table 1. The percentage of women is more significant 
than men in the low-risk group. Meanwhile, for the inter-
mediate and high-risk groups, the percentage of men was 
greater than that of women. Male has a higher risk of 
developing cardiovascular disease in the next 10 years 
than women. There is also an increase in the prevalence 
and progression of atherosclerotic lesions by age. 
Similarly, the recapitulation of the data in this study 
shows that the age range of 50–69 years in each risk 
group has the highest percentage.

In the low-risk and intermediate-risk groups, the percen-
tage of respondents who did not smoke was more significant 
than those who smoked and quit smoking. Whereas in the 
high-risk group, the presentation of smoking was more sig-
nificant than those who did not smoke and quit smoking. In 
the low-risk and intermediate-risk groups, the percentage of 
respondents who exercise regularly is greater than those who 
do not exercise regularly. Whereas in the high-risk group, 
a higher percentage of individuals did not exercise. Risk 
factors based on the body mass index, in the low-risk and 
intermediate-risk groups, the percentage of the Obese 
I group was the greatest. Whereas in the high-risk group, 
the highest group presentation was normal, and the lowest 
group presentation was obesity II. In the systolic pressure 
grouping, all risk groups had the highest pressure of 
140–179 mmHg. For total cholesterol, the highest risk 

Table 1 Baseline Characteristics of Respondents

Risk Factors Risk Group (%)

Low Intermediate High

Gender Male 34 92 92
Female 66 8 8

Age (years) 30–49 15 16 16
50–69 77 62 54
70–89 8 22 30

Smoking history Smoker 29 39 54
Ex-smoker 17 17 13

Non-smoker 54 44 33

Exercise Yes 74 73 38
No 26 27 62

Body mass index (BMI. kg/m2) Underweight (<18.5) 3 13 7
Normal (18.5–22.9) 26 24 46

Overweight at risk (23.0–24.9) 17 16 19

Obese I (25.0–29.9) 30 34 19
Obese II (≥30.0) 24 13 7

Systolic blood pressure (mmHg) <120 36 25 12
120–129 9 11 4

130–139 10 8 16
140–179 38 50 56

≥180 7 6 12

Total cholesterol (mg/dL) <200 64 73 44
200–239 17 11 36

≥240 19 16 20

Total of high-density lipoprotein (HDL) (mg/dL) ≥40 67 54 24
<40 33 46 76

Total % (n) 100 (96) 100 (38) 100 (26)
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percentage was 200–239 mg/dL, while the other group had 
a high presentation at <200 mg/dL. In total HDL, the low- 
risk and intermediate-risk groups had a high presentation at 
more than equal to 40 mg/dL, while the high-risk groups 
were <40 mg/dL.

Levels of HIF1A and Lp-PLA2 Based on 
FRS Stratification
Based on the study results, it shows that the highest average 
expression of HIF1A is in the high-risk group with a value 
of 0.287 ng/dL, while for the average expression, the lowest 
is in the intermediate-risk group with a value of 0.2774 ng/ 
dL. Meanwhile, the highest average expression of Lp-PLA2 
was in the low-risk group with a value of 0.1008 ng/dL, 
while the lowest average expression was in the high-risk 
group with a value of 0.095 ng/dL (Table 2).

From the results of the analysis test using the One-Way 
ANOVA test on Lp-PLA2, it was obtained a significance value 
of 0.019 (p <0.05) means that there are significant differences 
between risk groups. While the One-Way ANOVA test on 
HIF1A got that there is no significant difference between 
risk groups, with a significance value of 0.651 (p> 0.05).

Correlation of HIF1A and Lp-PLA2 Based 
on FRS Category
Analysis of the relationship between the HIF1A concen-
tration and the Lp-PLA2 expression in the low group, the 
positive correlation coefficient indicates that the relation-
ship between the HIF1A concentration and the Lp-PLA2 
concentration is directly proportional. The Lp-PLA2 
expression, the HIF1A concentration will increase, vice 
versa (Table 2). In the intermediate group, the correlation 
coefficient is positive. The correlation coefficient category 
is r = 0.512. In the high-risk group, the correlation coeffi-
cient is also positive. The correlation coefficient category 

is known to be r = 0.715, which shows a strong 
correlation.

Discussion
Hypoxia-inducible factor-1α (HIF1A) is a transcription 
factor (protein complex) that acts as a response to low 
oxygen levels (hypoxia). HIF1A plays a role in the home-
ostasis process, which causes increased vascularity in 
hypoxic areas.8,14,15 This protein is related to the progres-
sion of atherosclerotic plaque, along with the growth of 
mature plaques, which will lead to protrusion into the 
blood vessels, which will reduce blood circulation and 
can cause cells not to get the oxygen or nutrients needed. 
When this happens, the cells will fall into a hypoxic 
state.16 Based on the results of data analysis, the inter-
mediate-risk group has the lowest average, followed by 
low and high groups. From the results of statistical analy-
sis, the One-Way ANOVA difference test, it was found 
that there was no significant difference in HIF1A expres-
sion for each group.

The low-risk group had a mean of 0.2795 ng/mL. This 
low expression is influenced by the age factor, most of 
which is 50–69 years. According to the results of research 
by Rohrbach et al found that in conditions where oxygen 
levels are sufficient, HIF1A destruction is initiated by 
prolyl-4-hydroxylation.17 Study revealed that HIF1A 
activity increases by adipogenesis, insulin, and hypoxia 
in obese individuals.18,19

HIF-1a is a regulator of vasa-vasorum angiogenesis, 
and in this study, it was measured using ELISA. 
Meanwhile, HIF-1a is mostly expressed in the network. 
Considering that this research is clinical research, 
a feasible and efficient measurement method with mini-
mum possible harm to respondents. In this study, we found 
that the HIF1A expression in the intermediate-risk group 
had an average of 0.2774 ng/mL. This value is the lowest 

Table 2 Levels of HIF1A Dan Lp-PLA2 Based on FRS

Risk Group Lp-PLA2 (Mean ± SD) HIF-1a (Mean ± SD) Pearson’s Correlation

Correlation Coefficient (r) Sig. (2-Tailed)

Low 0.1008 ± 0.0100a 0.279 ±0.0488a 0.529** 0

Intermediate 0.1005 ± 0.0095ab 0.277 ± 0.0348a 0.512** 0
High 0.095 ± 0.0093b 0.287 ± 0.0332a 0.715** 0

Notes: The notation shows the mean difference between groups. r(5%; 94) = 0.203; rtable (5%; 38) = 0.321; rtable (5%; 26) = 0.383. **Correlation is significant at the 0.05. 
Abbreviations: CVD, cardiovascular disease; FRS, Framingham Risk Score; HIF1A, hypoxia-inducible factor-1α; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
LP-PLA2, lipoprotein-associated phospholipase; LysoPC, lysophopshatidylclcholine; MCP-1, monocyte chemoattractant protein-1; oxLDL, oxidized LDL; OxNEFA, non-
esterified fatty acid.
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expression of HIF1A compared to other risk groups. 
According to the results of a study by Rohrbach et al, 
there was a decrease in age-dependent HIF1A due to 
decreased hypoxic adaptability in ageing animal and 
human models.17 Besides, the low expression in this 
group might be influenced by male gender characteristics. 
According to research by Casey et al, compensation in 
vasodilation response to women is better than men.20 

Based on research, patients with endurance training will 
increase the HIF pathway activity in human skeletal mus-
cles in a hypoxic state due to an increase in oxygen 
transport and metabolism.19 HIF1A expression in the high- 
risk group has an average of 0.287 ng/mL, which is the 
highest average compared to other groups. With the lowest 
expression of 0.259 ng/mL, this is influenced by the age 
range 50–69 years, which also occurs in the low and 
intermediate groups.

People with risk of atherosclerosis that being grouped 
by FRS stratification showing a significant level of Lp- 
PLA2. The results showed that the highest average expres-
sion of Lp-PLA2 was in the low-risk group, followed by 
intermediate risk, and the lowest in the high-risk group. 
Based on Post Hoc test-Tukey HSD, there is a significant 
result on low- and intermediate-risk group. Low expres-
sion is influenced by one characteristic data and a history 
of not smoking (54%).

In the low-risk group, it is a risk group with 77% of the 
respondents aged 50–69 years, 54% of the respondents 
also do not smoke, and have regular exercise habits. 
Meanwhile, in the high-risk group, most of the respon-
dents were men who did not exercise and smoke. Based on 
research conducted by Gong et al, 2011, it is known that 
Lp-PLA expression has a positive correlation with risk 
factors for metabolic syndrome. In addition, in the high- 
risk group, it was found that most respondents had cho-
lesterol levels <200 mg/dL. Meanwhile, research by 
Keleşoğlu et al showed that a significant increase in Lp- 
PLA2 activity was followed by the rise in total cholesterol, 
apo-B, sdLDL, body weight, BMI, body fat percentage, 
and a decrease in paraoxonase-1.21,22 Lp-PLA2 is 
a predictor of coronary disease that along with CRP, fibri-
nogen levels, white blood cell count, age, systolic blood 
pressure, plasma triglycerides, HDL and LDL 
cholesterol.23 Subjects with LDL levels below the median 
(130 mg/dl) have significantly in Lp-PLA2 and CRP 
expression. This correlation is associated with the inci-
dence of coronary heart disease.24 Increased expression 
of Lp-PLA2, especially those that bind to LDL, is 

a marker of cardiovascular risk alone (independent) and 
in addition to traditional risk factors.12,25,26

Lp-PLA2, which has the highest expression in the low 
and intermediate-risk groups, indicates that it may be 
a very early marker, making sense increases in the low 
factor because its primary role is to initiate 
inflammation.27

This study shows that Lp-PLA2 plays a vital role in the 
acute phase, so it appears at the beginning with high 
expression to initiate inflammation. This inflammation’s 
product is hypoxia, which is indicated by the appearance 
of higher HIF-1a expression and increased risk. Based on 
the correlation between Lp-PLA2 and HIF1A, the three 
groups showed a strong and positive correlation. This 
indicates that the higher the risk of atherosclerosis, which 
is characterized by Lp-PLA2 biomarkers, the increase in 
HIF1A also occurs. Research by Lanman et al showed that 
the expression of Lp-PLA2 increased in samples with an 
atherosclerotic plaque in blood vessels that tended to rup-
ture. HIF1A also plays a role in angiogenesis.28 So that the 
development of plaque increases the risk of plaque rupture 
of atherosclerotic plaque.29,30 Thus, the increase of the 
expression of Lp-PLA2 and HIF1A will be followed by 
the risk that is analyzed using FRS. However, the strong 
correlation between HIF-1a and Lp-PLA2 indicates that 
the inflammatory process is strongly associated with 
angiogenesis in the population exposed to risk factors.

Conclusion
Based on this study, HIF1A expression increased with 
increasing risk, while Lp-PLA2 expression decreased 
with increasing risk of atherosclerosis based on the FRS 
category. There is a significant and strong correlation 
between HIF1A expression and Lp-PLA2 expression in 
the risk group categorized using the FRS. The process of 
angiogenesis is closely related to inflammation in the 
population with risk factors for atherosclerosis. 
Explaining this pathomechanism is very important for 
clinicians to determine the appropriate therapeutic targets 
to prevent further pathogenesis of atherosclerosis.
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