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ABSTRACT 
 

Background: Heart disease manifestation due to plaque disruption in the coronary arteries is 

acute coronary syndrome (ACS). Apolipoprotein-E (Apo-E) is a multifunctional protein 

with central roles in lipid transportation and metabolism. We analyzed the correlation 

between the Apo-E blood concentration and recurrent ACS. 
 

Methods: This cross-sectional study recruited 90 patients who visited the outpatient cardiology 

clinic at Airlangga University Hospital. The patients were divided into 3 groups: without 

ACS, single ACS, and recurrent ACS. The Apo-E blood concentration was measured 

using the enzyme-linked immunosorbent assay in the Tropical Disease Center of the 

Airlangga University Laboratory. 
 

Results: The median Apo-E concentration was 3.6 (1.32-14.9) µg/mL in the recurrent ACS 

group, 4.01 (2.61-18.54) µg/mL in the single ACS group, and 3.95 (1.19-43.51) µg/mL in 

the group without ACS. The Kruskal-Wallis test showed no differences in Apo-E 

between the groups. The χ
2 

test demonstrated no correlation concerning Apo-E between 

the single ACS and recurrent ACS groups. The Fisher exact analysis showed no 

correlation between the Apo-E concentration and dyslipidemia. 
 

Conclusions: Our results showed no correlation between the Apo-E concentration and recurrent 

ACS. (Iranian Heart Journal 2023; 24(4): 63-69) 
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ardiovascular disease (CVD) is the 

leading cause of mortality in the 

world. The World Health 

Organization (WHO) reported that 32% of 

global deaths were caused by CVD, with 

85% of the deaths due to heart attack and 

stroke. Coronary heart disease is one of the 

CVD disorders. 
1
 The manifestation of 
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coronary heart disease is acute coronary 

syndrome (ACS), consisting of unstable 

angina, ST-elevation myocardial infarction 

(STEMI), and non-STEMI. 
2
 

Patients surviving an initial heart attack (eg, 

ACS) have a greater risk of recurrent 

attacks. In the first year, 10% of these 

patients will have a recurrent heart attack. If 

there are no cardiovascular incidents in the 

first year, then 3.6% of these patients will 

suffer a recurrent attack in the second year, 

and 5.6% will experience an attack in the 

fourth year. 
3
 The mortality of a recurrent 

attack is higher than that of an initial heart 

attack. 
4 

Secondary prevention is performed with 2 

goals: preventing mortality and morbidity 

from cardiovascular events and improving 

the quality of life. Prevention efforts include 

risk factor management, optimal 

pharmacological therapy, and non-

pharmacological prevention. The 

identification of risk factors is the first step 

in optimal prevention efforts. 
5 

One of the potential risk factors to be 

analyzed is the blood concentration of 

apolipoprotein-E (Apo-E), which is a 

multifunctional protein. Many studies have 

shown the principal role of Apo-E in lipid 

transportation and metabolism regulation. 

Apo-E is synthesized by the liver and is a part 

of various lipoproteins. Genetic variations at 

the Apo-E gene locus are correlated with the 

plasma Apo-E concentration. More than half 

of plasma Apo-E is in high-density 

lipoprotein (HDL). 
6 

Low Apo-E concentrations affect reverse 

cholesterol transportation, platelet 

aggregation, and oxidative processes that have 

atherogenic potential. 
7
 Low risks of coronary 

heart disease and diabetes mellitus are linked 

to high HDL and Apo-E.
 8, 9

 The correlation 

between recurrent ACS and Apo-E is the 

hypothesis of the present research, which 

aimed to analyze the relationship between the 

Apo-E concentration and recurrent ACS. 
 

METHODS 
 

Subjects 

The current cross-sectional analytic 

observational study was performed on 

patients who visited the cardiology 

outpatient clinic at Airlangga University 

Hospital between October 2021 and January 

2022. The recruited patients were divided 

into 3 groups: recurrent ACS, single ACS, 

and without ACS. 

The recurrent ACS group consisted of patients 

with a history of 2 or more ACS incidents 

between January 2016 and December 2020. 

The single ACS group consisted of patients 

with a history of 1 ACS incident. The group 

without ACS was composed of subjects 

without a history of ACS. 

The diagnosis of an ACS history was based on 

the patient’s clinical symptoms, 

electrocardiogram (ECG), and troponin test in 

medical records from January 2015 through 

December 2020. The MINI VIDAS was used 

to perform highly sensitive (hs) troponin I 

tests. The test was considered positive if the hs 

troponin I level was >19 ng/L. 
10

 If the hs 

troponin I level was ≤ 19 ng/L, ACS criteria 

were fulfilled based on ≥ 20 minutes of chest 

pain complaints with or without ST elevation 

in ECG. Recurrent ACS was defined if the 

time span between the initial and subsequent 

ACS incidents exceeded 28 days. 
2
 Subjects 

with chemotherapy and radiotherapy were 

excluded. 

Data for age, sex, smoking history, blood 

glucose level, lipid profile, and blood 

pressure were obtained from medical 

records. Blood glucose levels were used to 

determine diabetes mellitus. Dyslipidemia 

was confirmed with the lipid profile test. 

Hypertension was confirmed based on blood 

pressure examinations.  

The study protocol was approved by the 

Ethics Committee of Airlangga University 

Hospital on April 5, 2021 (approval code: 

119/KEP/2021). Written informed consent 

was obtained from the entire study population. 
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Blood specimen collection was carried out 

after the subjects signed informed consent 

forms. In a BD Vacutainer (BD Diagnostics) 

without anticoagulants, 3 mL of blood was 

taken. The serum was separated from the 

blood after complete clotting for 2 hours and 

centrifuged at 3500 rpm for 20 minutes. The 

serum was stored in a freezer at −20 ℃ and 

examined simultaneously. The Apo-E 

concentration was measured with the 

enzyme-linked immunoassay method 

(Bioassay Lab reagent) with the Bio-Rad 

washer and reader. The Apo-E laboratory 

tests were performed in the Tropical Disease 

Center of Airlangga University Laboratory. 

 

Statistical Analysis 

The ANOVA and Kruskal-Wallis tests were 

conducted to compare differences in age and 

the Apo-E concentration, respectively, 

between the groups. The bivariate χ
2 

or 

Fisher exact test was utilized to determine 

the correlation between sex, a history of 

diabetes mellitus, hypertension, 

dyslipidemia, and smoking and the 

incidence of ACS. The blood Apo-E 

concentration was categorized into 3 groups: 

low, normal, and high. Low Apo-E was 

defined if the concentration was < 3 µg/mL, 

normal if the concentration was 3-7 µg/mL, 

and high if the concentration was > 7 

µg/mL. The correlation between the Apo-E 

concentration and ACS incidence was 

analyzed with the χ
2
 test, while the Fisher 

exact test was applied concerning 

dyslipidemia. A confidence interval (CI) of 

95% was used for this study. Thus, a P value 

< 0.05 was considered statistically 

significant. All the statistical analyses were 

conducted with SPSS 26. 
 
 

RESULTS 
 

The present study was performed on 90 

subjects divided into 3 groups: recurrent 

ACS, single ACS, and non-ACS (30 

subjects in each group). The characteristics 

of the study population are shown in Table 

1. The ANOVA analysis showed no 

difference in age between the 3 groups (P = 

0.555). There was a relationship between the 

incidence of recurrent ACS and 

hypertension (P = 0.035), diabetes mellitus 

(P = 0.042), and dyslipidemia (P = 0.003). 

The results demonstrated no relationship 

between the incidence of recurrent ACS and 

sex (P = 0.112) and smoking history (P = 

0.14). The median Apo-E concentration was 

3.6 µg/mL (range = 1.32-14.9 µg/mL) in the 

recurrent ACS group, 4.01 (2.61-18.54) 

µg/mL in the single ACS group, and 3.95 

(1.19-43.51) µg/mL in the non-ACS group. 

The Kruskal-Wallis analysis showed no 

difference in the blood Apo-E concentration 

between the 3 groups (P = 0.683). 

The distribution of the Apo-E concentration 

in the ACS groups can be seen in Figure 1. 

Normal Apo-E levels were found dominantly 

in the recurrent ACS group (50%), the single 

ACS group (63.33%), and the non-ACS 

group (63.33%). High Apo-E levels were 

found more frequently in the recurrent ACS 

group (30%), followed by the single ACS 

(20%) and non-ACS (16.67%) groups. The 

proportion of low Apo-E in the recurrent 

ACS and non-ACS groups had the same 

value (20%) compared with 16.67% in the 

single ACS group. The χ
2
 analysis showed no 

relationship between the blood Apo-E 

concentration and recurrent ACS (P = 0.76). 

Based on the dyslipidemia category, the 

distribution of the Apo-E concentration can 

be seen in Figure 2. The dyslipidemia group 

was composed of 77 subjects, most of whom 

had normal Apo-E levels (62.34%), while 

the proportions of low and high Apo-E 

levels were not much different (19.48% and 

18.18%). In the non-dyslipidemia group, 

with 13 subjects, high and normal Apo-E 

levels exhibited almost similar distributions 

(46.15% and 38.46%), with 2 individuals 

(15.39%) having low Apo-E levels. The 

Fisher exact analysis showed no significant 
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relationship between Apo-E levels and dyslipidemia (P = 0.11). 

 
Table 1. Characteristics of the study population 

Characteristic 

Group 

Recurrent ACS 
 (n = 30) 

Single ACS 
(n = 30) 

Without ACS (n=30) P value 

Age, y     

 Mean  SD 61.53±8,57 59.10  8.16 59.63  10.33 0.555* 

Sex (n, %) 
male 
female 

 
22 (73.3) 
8 (26.7) 

 
23 (76.7) 
7 (23.3) 

 
16 (53.3) 
14 (46.7) 

0.112** 

Hypertension (n, %) 29 (96.7) 24 (80) 20 (66.7) 0.035
ǂ
 

Diabetes mellitus (n, %) 14 (46.7) 14 (46.7) 21 (70) 0.042** 

Dyslipidemia (n, %) 28 (93.3) 25 (83.3) 15 (50) 0.003
ǂ
 

Smoking history (n, %) 5 (16.7) 6 (20.0) 1 (3.3) 0.140
ǂ
 

Apo-E median 
(min – max) 
: µg/mL 

3,6 
(1.32 -14.9) 

4,01              (2.61 -18.54) 3,95         (1.19-43.51)  0.683
ǂǂ 

* 
ANOVA; 

** the χ
2
 test; 

ǂ 
the

 
Fisher exact test; 

ǂǂ 
the

 
Kruskal-Wallis test 

ACS: acute coronary syndrome; Apo-E: apolipoprotein-E 
 
 

 

Figure 1: The image depicts the distribution of the Apo-E concentration in the ACS category. 

* the χ
2
 test  

ACS: acute coronary syndrome 
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Figure 2: The image illustrates the distribution of the Apo-E concentration in the dyslipidemia category. 

*The Fisher exact test 
ACS: acute coronary syndrome 

 

 

DISCUSSION 
 

In the present study, we found no significant 

difference in the blood Apo-E concentration 

between recurrent ACS, single ACS, and 

non-ACS groups. The relationship between 

blood Apo-E levels and recurrent ACS was 

also nonsignificant. Several other studies 

have shown conflicting results vis-à-vis the 

relationship between Apo-E and CVD. 

A nonsignificant relationship between Apo-

E levels and CVD was also reported in some 

other studies. A meta-analysis conducted by 

Sofat et al 
11

 (2016) is a case in point since 

the Apo-E concentration was found to be 

unable to predict CVD events. Basu et al 
12

 

(2019) reported the same results among 

patients with type 1 diabetes mellitus.
 

Several other studies have shown different 

results. Mooijart et al 
13

 (2006) stated that 

high levels of Apo-E led to increased C-

reactive protein, indicating a higher risk of 

CVD. The increased risk occurs in subjects 

more than 85 years of age. Mendivit et al 
14

 

(2013) showed that Apo-E levels were 

related to coronary heart disease. The Apo-E 

examination in their study was performed 

only on isolated VLDL and LDL. Corsetti et 

al 
15

 (2011) concluded that Apo-E levels 

could predict CVD events only in women 

but not men. 
 

To examine the Apo-E concentration in this 

study, we drew upon polyclonal antibodies, 

which could not distinguish between Apo-E 

isoforms. The gene that influences Apo-E 

synthesis has 3 alleles: Ɛ2, Ɛ3, and Ɛ4. There 

are 3 types of isoforms in Apo-E according 

to the alleles in the Apo-E gene: E2, E3, and 

E4. 
16

 The Apo-E laboratory test with 

monoclonal antibodies according to the 

Apo-E isoform target may yield different 

results. The variation in the Apo-E 

laboratory test with monoclonal antibodies 

can be interpreted as why Apo-E was not 

related to recurrent ACS and dyslipidemia in 

this study. 

Apo-E levels in our study showed no 

association with dyslipidemia. Li et al 
17

 

(2021) showed different results insofar as 

Apo-E levels were related to the incidence 

of ischemic heart disease and LDL 

cholesterol. Apo-E laboratory tests in the 
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study were carried out on separate isoforms, 

namely Apo-E2, Apo-E3, and Apo-E4.
 

The structure and modification of Apo-E 

affect its biological activity. The Apo-E gene 

polymorphisms that encode Apo-E2, Apo-

E3, and Apo-E4 affect the resulting Apo-E 

structure. Apo-E3 is the most common 

isoform type found. Apolipoprotein E2 

exhibits a lower affinity for the LDL 

receptor; therefore, Apo-E clearance 

becomes slower, and the plasma Apo-E level 

rises. The liver, then, responds by regulating 

LDL receptors to decrease cholesterol 

levels. Apolipoprotein E4 diminishes Apo-

E; then, cholesterol increases in the plasma. 

The Ɛ4 allele is also associated with high 

levels of LDL cholesterol. 
7 

Mooijart et al, 
13 

in their study on subjects 

older than 85 years, showed different results. 

Increased levels of Apo-E in the normal 

allele or wildtype Ɛ3Ɛ3 genes were associated 

with high total cholesterol, LDL cholesterol, 

triglycerides, and low HDL cholesterol. It 

should be considered that the role of Apo-E 

in dyslipidemia and CVD is based more on 

protein function than the concentration of 

Apo-E. 

There are several major risk factors for 

recurrent ACS. Some factors such as age, 

sex, and heredity cannot be changed. 

Modifiable factors include smoking, 

dyslipidemia, hypertension, lack of physical 

activity, obesity, and diabetes mellitus. 
18,19

 

Apo-E is widely associated with 

dyslipidemia as a minor risk factor for CVD. 

Dyslipidemia itself is influenced by many 

conditions, including various genetic factors, 

diet, nutrition, lifestyle, and anti-lipid 

therapy.  

Our results may have been affected by our 

small sample size. We faced the challenge of 

recruiting matched subjects for each group 

because of difficulties in finding ACS 

subjects without major risk factors, such as 

hypertension, diabetes mellitus, and 

dyslipidemia. 

Our results demonstrated no significant 

difference in the Apo-E concentration 

between the recurrent ACS, single ACS, and 

non-ACS groups. The correlation between 

the Apo-E concentration and recurrent ACS 

was nonsignificant. We decided to perform 

examinations with Apo-E isoforms, such as 

E2, E3, and E4, in a future study. 
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