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Background: Risk stratification models with incorporation of biochemical markers have

received attention recently. In acute myocardial infarction (AMI) one such marker is

lipoprotein(a) (Lp(a)). Lp(a) has prothrombotic and proinflammatory properties. High levels

of Lp(a) probably contribute to the additional adverse effects in AMI, as it enhances the

damaging effect of acute thrombosis. This study aimed to evaluate serum Lp(a) as a predictor

of major adverse cardiovascular events (MACE) in hospitalized-acute myocardial

infarction patients.

Methods: A prospective cohort study was conducted at Sanglah Hospital, Denpasar, during

June–August 2018, among 66 people by consecutive sampling. Samples that met the inclu-

sion and exclusion criteria were examined for serum Lp(a) at the time of admission and the

occurrence of MACE during hospitalization was observed. Data regarding serum Lp(a),

demography, smoking history, dyslipidemia, hypertension, diabetes mellitus, and MACE

were collected. Log rank test and Cox proportional hazards regression were conducted

with SPSS version 20 for Windows.

Results: During observation, MACE occurred in 25 (38%) patients, including cardiogenic

shock in 7 (10.6%) patients, heart failure in 20 (30.3%) patients, cardiovascular death in 5 (7,

6%) patients, malignant arrhythmias in 5 (7.6%) patients, and postinfarction angina in 5

(7.6%) patients. After the Log rank test, a significant difference in survival was observed (p =

0.001) between groups of high Lp(a) (survival rate of 60.6 hours; 95% CI 43.3–77.9) and

low Lp(a) (average survival of 104.3 hours, 95% CI 91.4–117.2). The hazard ratio of high

Lp(a) against MACE was 4.63 (p=0.002), and it increased to 4.69 in multivariate analysis

with Cox proportional hazards regression test (p=0.003).

Conclusion: The high level of Lp(a) in AMI patients was a risk factor for the occurrence of

MACE during hospitalization. Patients with high Lp(a) also had worse survival compared to

patients with low Lp(a).
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Introduction
Risk factors for cardiovascular disease and stroke have been thoroughly researched

over the past years. The rise of aging population and the build-up of behavioral risk

factors including unhealthy diet, physical inactivity, excess body weight, and non-

cardiovascular comorbidities all had inevitably contributed to atherosclerotic cardio-

vascular disease, including coronary artery disease and stroke.1 Despite advancement

of knowledge in risk factors and prevention through pharmacological intervention such

as low density lipoprotein (LDL)-lowering therapy, there is still a challenge regarding
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the so called “residual risk”. Genome wide association study

revealed that the “residual risk” was associated with several

biomarkers, one in particular involved in atherosclerotic dis-

ease was lipoprotein(a) (Lp(a)).2

Study in the effort to find a potential biomarker has

been growing in the past decade. The current reference of

ideal biomarker was troponin’s role in diagnosis of acute

myocardial infarction (AMI).3 Research in the field of

biomarkers related to necrosis, inflammation, ischemia

and myocardial stretch in the AMI has attracted much

attention. To date, there have been many biomarkers stu-

dies to predict the long term major adverse cardiovascular

events (MACE) in patients with AMI. It is hoped that

biomarkers could provide earlier information about the

overall risk of subsequent occurrence of MACE, therefore

reducing morbidity and mortality from MACE in patients

with AMI.4,5

From epidemiological studies, it has been shown that

an increase in Lp(a) levels was associated with an

increased incidence of coronary heart disease (CHD),

especially if the levels exceed 50 mg/dL. Lp(a) is

a family of low-density lipoproteins and contains apolipo-

protein B100 (apoB) and apolipoprotein A (apoA) mole-

cules. Both of these components contribute to the

prothrombotic and proinflammatory effect of Lp(a).

Although pathophysiologically rational, however, up until

now the existing studies have still been unclear whether

Lp(a) posed additional risk in populations with existing

cardiovascular disease. Several studies have suggested that

there was a relationship between Lp(a) levels and second-

ary risk in individuals who have CHD (or other athero-

sclerotic conditions), while some studies show no

relationship. Up until the present day, very little is

known about Lp(a) as a risk predictor for MACE after

AMI events nor its incorporation to the existing scoring

systems.6–8

Over the past few decades, various types of clinical risk

stratification have been introduced to assess and classify

patient’s risk so that high-risk AMI patients could be advised

to have an early revascularization. Some well-known tools

came from the glycoprotein IIb/IIIa in Platelet Unstable

angina: Receptor Suppression Using Integrilin Therapy

(PURSUIT), Thrombolysis in Myocardial Infarction (TIMI)

and the Global Registry of Acute Cardiac Events (GRACE).9

However, none of these scoring systems include biomarkers

(except troponin) to increase its value in predicting high-risk

patients. According to the aforementioned, this study aimed

to evaluate the relationship between blood levels of Lp(a)

and the occurrence of MACE in AMI patients during hospi-

talization at Sanglah General Hospital, Bali, Indonesia.

Materials and Methods
Subject Selection
An observational study with a prospective cohort design was

carried out from May 1st to August 30th, 2018 at Sanglah

General Hospital, Bali, Indonesia. Patients with AMI

(NSTEMI and STEMI) hospitalized during the study period

were recruited. The sample was recruited by consecutive

sampling and had to meet the inclusion and exclusion criteria.

Inclusion criteria were all AMI patients aged ≥18 years

admitted to Emergency Department of Sanglah Hospital,

Denpasar. The exclusion criteria included patients with sepsis,

patients withmalignancy, patients with end-stage renal failure,

and patients with chronic heart failure (CHF). Patients

included in the study were properly informed regarding the

study and signed an informed consent. The researcher filled

out the research questionnaire based on history, physical

examination and supporting examination of each sample.

Data regarding age, gender, smoking habit, history of previous

diseases such as hypertension, diabetes mellitus, chronic kid-

ney disease (exclude ESRD), height and weight measurement,

and lipid profile were collected. STEMI was defined as the

presence of persistent chest pain, ST-elevation on electrocar-

diogram (ECG) in particular lead to indicate infarction pro-

cess, and positive cardiac marker (Troponin I and Troponin T)

during admission. NSTEMI was determined by the presence

of persistent chest paint, without ST-elevation on ECG, and

if there was elevation of cardiac marker. All patients were

managed with standard therapy according to the clinical path-

way at Sanglah General Hospital, Denpasar. Patients were

followed-up during hospitalization for the occurrence of

MACE, including death. MACE was the primary end point,

and survival during hospitalization was the secondary end

point. The protocol of the study had been reviewed thoroughly

according to the Declaration of Helsinki and given approval

by ethic committee of Universitas Udayana/Sanglah General

Hospital (2412/UN14.2.2.VII.14/LP/2018).

Lp(a) Evaluation
Sampling Lp(a) was carried out in the Emergency

Department (ED) of Sanglah Hospital at the time of the

patient’s arrival. Patients were divided into two groups, the

group of AMI patients with high initial Lp(a) serum and low

initial Lp(a) serum according to the cut-off value calculated

by Receiver Operating Characteristic (ROC) curve analysis.
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The Lp(a) quantification was assessed using immunoturbidi-

metry method and presented in mg/dL.

Data Analysis
Data were analyzed using SPSS version 20 for Windows and

depicted in percentage, mean, standard deviation, confidence

interval (CI), and significant value (p) based on data analysis.

In order to obtain the cut-off value of Lp(a), ROC curve

analysis was conducted to provide area under the curve

(AUC), sensitivity, and specificity. The mortality risk was

evaluated from the Hazard Ratio (HR) by using Kaplan-

Meier curve from these predictive factors. A p-value less

than 0.05 was considered statistically significant.

Result
There were 66 people with AMI who were involved in this

study consisting of 53 males (80.3%) and 13 females

(19.7%). STEMI were found among 42 (63.6%) patients

and NSTEMI 24 (36.4%) patients. The average age in this

study was 59.23 ± 10.3 years (Table 1). All patients were

examined for serum Lp(a) and carefully observed for occur-

rence of MACE during hospitalization. The study popula-

tion was grouped into two groups based on the level of

Lp(a) as a predictor of MACE in accordance with the results

of the ROC curve analysis (Figure 1). Based on the ROC

curve analysis, the best cut-off point was >10.25 mg/dL

with an area under the curve (AUC) of 0.787 (80% sensi-

tivity and 63.4% specificity; p≤0.0001) (Figure 1).
In order to determine the effect of high serum levels of

Lp(a) (≥10.25 mg/dL) on MACE, bivariate analysis was

conducted. Lp(a) was used as an independent factor and

MACE as a dependent factor with the Kaplan-Meier survival

estimation method. Figure 2 shows a graph of the estimated

MACE in AMI patients based on Lp(a) levels. After a Log

rank test, there were significant differences in survival (p =

0.001) between groups of patients with high serum Lp(a)

(mean MACE 60,571 hours; CI95% 43,278–77,865) com-

pared to patients with low serum Lp(a) (mean MACE

104,339 hours; CI95% 91,432–117,246) (Figure 2).

Multivariate analysis with Cox proportional hazards

regression was performed to control variables considered as

confounders in this study including age, sex, hypertension,

diabetes mellitus, dyslipidemia, smoking, obesity, a history

of chronic kidney disease, and reperfusion therapy (Table 2).

The results of multivariate analysis are shown in Table 2

which shows that high Lp(a) levels were shown to be inde-

pendent predictors of MACE in AMI patients during hospi-

talization, with adjusted HR values of 4.685 (95% CI

1.668–13.158; p = 0.003). This result showed that after

controlling for other confounding factors, the risk of

MACE in AMI patients with high Lp(a) levels was almost

5-fold compared to patients with low Lp(a) levels (Table 2).

Table 1 The Baseline Characteristics of the Study Group

Variable Lp(a) Classification (N=66)

Low < 10.25

mg/dL

High ≥ 10.25

mg/dL

Age (years) (mean ± SD) 56.45 ± 9.48 61.69 ± 10.47

Age Group, n (%)

≥ 60 y.o 11 (35.5%) 16 (45.7%)

< 60 y.o 20 (64.5%) 19 (54.3%)

Gender, n (%)

Male 26 (83.9%) 27 (77.1%)

Female 5 (16.1%) 8 (22.9%)

Smoking, n (%)

Yes 16 (51.6%) 16 (45.7%)

No 15 (48.4%) 19 (54.3%)

Dyslipidemia, n (%)

Yes 17 (54.8%) 21 (60.0%)

No 14 (45.2%) 14 (40.0%)

Hypertension, n (%)

Yes 19 (61.3%) 26 (74.3%)

No 12 (38.7%) 9 (25.7%)

Diabetes Mellitus, n (%)

Yes 13 (41.9%) 14 (40.0%)

No 18 (58.1%) 21 (60.0%)

Chronic Kidney Disease

Yes 7 (22.6%) 9 (25.7%)

No 24 (77.4%) 26 (74.3%)

Obesity, n (%)

Yes 4 (12.9%) 3 (8.6%)

No 27 (87.1%) 32 (91.4%)

Diagnosis, n (%)

STEMI 20 (64.5%) 22 (62.9%)

NSTEMI 11 (35.5%) 13 (37.1%)

Reperfusion, n (%)

Yes 15 (48.4%) 17 (48.6%)

No 16 (51.6%) 18 (51.4%)

MACE, n (%)

Cardiovascular mortality 1 (3.2%) 4 (11.4%)

Cardiogenic shock 2 (6.5%) 5 (14.3%)

Heart failure 4 (12.9%) 16 (45.7%)

Malignant arrhythmia 1 (3.2%) 4 (11.4%)

Post infarct angina 0 (0.0%) 5 (14.3%)
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Discussion
The unique structure of Lp(a) that resembles plasminogen

is thought to have a large role in the pathophysiology of

AMI. The structure can bind to fibrin and receptors on

endothelial cells which will interfere clot lysis thus

increase the tendency of thrombosis.10–12 The oxidative

form of Lp(a) can weaken the fibrinolytic system by

decreasing the activation of plasminogen, increasing the

production of vasodilator inhibitory agents in endothelial

cells thus affecting vasodilation.12–14 Lp(a) has also been

shown to interact with other molecules in a plethora of

pathways related to thrombosis including inhibition of

activation of transforming growth factor-β (TGF-β) and

platelet activation.

It is thought that the mechanism of Lp(a) inhibits the

generation of TGF-β as it competes with the binding of

plasminogen to cells, and reduces its conversion to plas-

min (plasmin required in activation of Latent TGF-β).15

High blood levels of Lp(a) decrease the levels of the

migration inhibitor TGF-beta and it enhances smooth mus-

cle cell proliferation and migration into the intima, thus

further enhancing the formation of atheroma plaque.16,17

Lp(a)'s influence on platelet activation is still under debate.

Platelets are key players in formation of arterial thrombus.

Studies have demonstrated that Lp(a) had an inhibi-

tory effect on platelet activation as it decreases platelet

activation induced by collagen, ADP, or platelet-activating

factor.18–21 Studies that support Lp(a) activate platelet

cames from the results that apo(a) and Lp(a) enhanced

platelet aggregation and granule release.22 Another study

found that apo(a) and Lp(a) induced platelet aggregation in

response to lower than aggregate dose of arachidonic

acid.23 Perhaps, the controversy of Lp(a)'s effect on plate-

let responsiveness depends on the balance of activating

factors.24 After all, existing epidemiological research to

date shows that high Lp(a) levels are independent predic-

tors of CVD risk and MACE.10–14

This study involved 66 samples taken by consecutive

sampling with a total of 53 males (80.3%) and 13 females

Figure 2 Kaplan-Meier Survival Estimation Curve in AMI based on serum levels of Lp(a). Blue lines indicate group with high Lp(a) and red lines indicate group with low Lp(a).

Figure 1 The ROC curve in determining the cut-off point of Lp(a) level as a MACE

predictor.
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(19.7%). STEMI (63.6%) was found more than NSTEMI

(36.4%). The proportion of males and the diagnosis of

STEMI were dominant in this study which is similar to

the existing large registry. According to the Global

Registry of Acute Coronary Events (GRACE) and the

French registry of ACS (ONACI) the highest percentage

of AMI is STEMI and male predominant, which conclu-

des male sex as one of the risk factors.25,26

Several risk factors were recorded in this study such as

age, smoking, hypertension, diabetes mellitus (DM), his-

tory of chronic kidney disease (CKD), dyslipidemia, and

obesity. There were 27 (40.9%) people aged ≥60 years, 32

(48.5%) smokers, 45 (68.2%) with hypertension, 27

(40.9%) with DM, 16 (24.2%) with CKD, 38 (57.6%)

people with dyslipidemia and 7 (10.6%) with obesity.

Our study followed the patients during hospitalization for

acute myocardial infarction. Short period of hospitaliza-

tion probably masked the effect of these traditional risk

factors for survival during the acute episode of acute

myocardial infarct. Most study as opposed to other study

that conduct follow-up for at least 30 days or more.

Additionally, our study also had a relatively small sample

and perhaps it needed more power to detect a lower degree

of association. However, we could only confirm this pre-

sumption with a larger and better designed study.

Reperfusion is an attempt to save the myocardium from

ischemia due to occlusion of coronary vessels in the heart.

The procedure was conducted in STEMI patients with an

onset <12 hours, or >12 hours if still within high-risk

criteria. Reperfusion measures were also carried out in

NSTEMI patients with high-risk criteria based on clinical

or GRACE scores. The number of subjects who underwent

reperfusion therapy in this study were 32 (48.5%) people,

11 (16.7%) underwent fibrinolytic of which 8 (12.1%)

people were successful and as many as 3 (4.5%) peo-

ple failed. There were 20 (30.3%) people who under-

went PCI.

Major cardiovascular events observed in this study

included cardiovascular death, heart failure, cardiogenic

shock, malignant arrhythmias, and post-infarct angina.

There were 25 (37.9%) people with MACE, the most fre-

quent was heart failure in 20 (30.3%) patients, followed by

cardiogenic shock in 7 (10.6%) patients, malignant arrhyth-

mias in 5 (7.6%) and angina post-infarction in 5 (7.6%).

There were 9 (13.6%) patients with more than one MACE.

In this study, 5 (7.6%) patients experienced mortality.

The cut-off value for Lp(a) in this study was slightly

lower than in previous studies. The research conducted by

Peng et al used a particle-enhanced turbidimetric immu-

noassay to determine the concentration of blood Lp(a)

(Sekisui Medical Co., Tokyo, Japan). The cut-off point

of Lp(a) for predicting MACE in 1 year of post-STEMI

obtained in their study was 17.6 mg/dL (AUC 0.764,

sensitivity 65.71% and specificity 77.14%).27 Another

study by Mitsuda et al in predicting MACE within 3

years, used Lp(a) with cut-off point of 19 mg/dL (AUC

0.674, sensitivity 69.2% and specificity 62%). Mitsuda

et al used a different method in measuring serum Lp(a),

the fixed-rate immunonephelometric method using JEOL

JCA-BM8000 clinical chemistry analyzer (JEOL Inc.,

Tokyo, Japan).28 Note that the cut-off points obtained by

both researchers were based on long-term prediction of

MACE. Other studies also used higher cut-offs (>30 mg/

dL), but these values were based on the prediction of

coronary heart disease rather than MACE in acute AMI

conditions.29–31 Currently, there is no definite cut-off point

for Lp(a) as a predictor of in-hospital MACE for AMI

patients.

This study showed that AMI patients with high serum

Lp(a) (> 10.25 mg/dL) had worse survival during the

treatment period than AMI patients with low serum

Lp(a). Besides, AMI patients with high serum Lp(a)

were 4.63 times more likely to develop MACE during

hospitalization. After controlling for confounders, the

risk of MACE in AMI patients with high Lp(a) increased

to 4.69 times. One study in China by Peng et al conducted

an investigation that involved 175 STEMI patients who

underwent PCI and determined the risk of MACE for

1 year based on the serum levels of Lp(a). The sample

was divided with the cut-off value determined with ROC

curve results which was 17.6 mg/dL. The research con-

cluded that patients with high levels of Lp(a) were at a risk

Table 2 Cox Regression Analysis of Lp(a) Levels as Independent

Predictors of MACE in AMI Patients During Hospitalization

Variable Adjusted HR 95% CI P-value

Age 0.91 0.36–2.26 0.83

Gender 0.38 0.13–1.17 0.09

Hypertension 0.64 0.21–1.91 0.42

Diabetes mellitus 0.66 0.22–1.98 0.47

Dyslipidemia 2.01 0.70–5.13 0.14

Chronic kidney disease 1.71 0.67–4.37 0.26

Smoking 1.28 0.48–3.46 0.62

Obesity 0.94 0.23–3.77 0.93

Reperfusion 0.32 0.11–0.85 0.02

Lp(a) 4.69 1.67–13.16 0.003
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approximately 6.4 times higher to experience MACE

events than patients with low Lp(a) levels (p <0.001).

Kaplan-Meier survival analysis showed lower survival

for patients with high serum Lp(a) compared to low

Lp(a) (log rank p <0.001).27

A similar study by Mitsuda et al with a longer time-

span (3 years) in 176 STEMI patients after PCI assessed

occurrence of MACE and cerebrovascular events. ROC

curve analysis obtained a cut-off value of 19 mg/dL. The

results also concluded that patients with high Lp(a) levels

were at high risk of MACE and cerebrovascular events

(HR 1.030, 95% CI 1.011–1.048, p = 0.002) and had

a worse survival (log rank p = 0.034).28

The study by Ikenaga et al assessed Lp(a) serum a week

after AMI (total 410 patients) and divided it into two

groups, high (> 40 mg/dL) and low (≤40 mg/dL). The

MACE incidence for 5 years was significantly higher in

the group with high Lp(a) levels compared to group with

low Lp(a) levels. The incidence of new lesions requiring

revascularization was also reported to be higher in group

with high Lp(a) levels. In this study, the Odds Ratio for

MACE event was 1.64 (95% CI 1.31–2.06 and p <0.001).31

Numerous meta-analyses agreed that elevated Lp(a)

levels were proven as a marker of increased cardiovascular

risk.32–38 Some metanalyses also showed that Lp(a) was

a risk factor for ischemic stroke.39,40 Although there

are differences among various methods of Lp(a) determi-

nation, it remains clear that elevated Lp(a) levels are mildly

associated with cardiovascular event for a broad spectrum

of subgroups. The significant increase of Lp(a) was also

an associated risk for MACE.36,38 However, regarding the

issue whether Lp(a) could improve cardiovascular risk

prediction has been largely unaddressed. Recently,

Willeit et al conducted an assessment of whether Lp(a)

could improve CVD risk prediction by addition of Lp(a) to

Framingham risk score and Reynolds risk score variables

in Bruneck study.41 Albeit, due to its cost and with only

marginal improvement in prediction, it is still lacking

a reason to determine Lp(a) routinely in the setting of

primary prevention. However, results of this study and

previous research suggest that in the setting of secondary

prevention and AMI patients in a hospital setting, it

has shown promise in predicting MACE occurrence.

Lp(a) has prothrombotic and proinflammatory proper-

ties. High levels of Lp(a) probably contribute to the

additional adverse effect in AMI as it enhances the dama-

ging effect of acute thrombosis and will augment the

occurrence of MACE.17,42-44 Looking at the pathogenicity

structure of Lp(a), it can be concluded that these com-

pounds can be used as acute biomarkers in the pathogen-

esis of AMI and provide good prognostic information in

high-risk populations. The assessment of serum Lp(a) can

be used as predictor of MACE or could be incorporated

into the existing risk stratification so that it can

increase the accuracy in detection of high-risk patients

where reperfusion could improve outcome.

The limitation of this study is that the selection of

research subjects was carried out by consecutive sampling

(non-probability sampling), research was only carried out in

one research location, and included a relatively small sample

size. There was no universal cut-off point for serum Lp(a) in

the acute phase. Therefore, cut-off determination by

researchers could lead to bias, and comparison between

research is difficult. Measurement of serum Lp(a) was done

only once, thus, pattern of changes could not be assessed. In

this study, there was no comparison between serum Lp(a)

and cardiac troponin levels in predicting MACE post-AMI,

due to limitations in the examination of cardiac troponin.

Besides, there was no evaluation on echocardiography in the

assessment of heart function, especially left ventricle, which

could influence the risk of MACE post-AMI. The overall

treatment and medication used by the patients during the

study, although it would be similar as it followed hospital

protocol, also plays a role in the overall outcome, therefore it

might have confounded the results. Finally, future study with

a larger sample, and preferably multicenter involvement,

needs to be conducted to confirm this finding.

Conclusion
AMI patients with high serum Lp(a) had poorer survival

during hospitalization compared to patients with low

Lp(a). The high level of Lp(a) in AMI patients was also

a risk factor for the occurrence of MACE during

hospitalization.
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