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Background: This study aimed to evaluate serum lipoprotein(a) concentrations in Vietnamese patients with acute myocardial infarction and to investigate the relationship between high serum
concentrations of lipoprotein(a) and major adverse cardiovascular events after acute myocardial
infarction. Methods: We conducted a prospective cohort study that included data from 199 patients with acute myocardial infarction admitted to the Cardiology Department, Cho Ray Hospital,
Vietnam. Data on demographics, and hematologic, and biochemical blood test results, including
serum lipoprotein(a) concentrations and coronary angiography results, were collected. All major
cardiovascular adverse events (MACE) were defined as cardiovascular mortality, non-fatal myocardial infarction, and non-fatal ischemic stroke in hospital 30 days after discharge. Results: In patients with acute myocardial infarction, serum concentrations of lipoprotein(a) were not normally
distributed, and skewed to the right, with a median of 17.8 mg/dL, interquartile range (IQR) 7.6-34.5
mg/dL. Overall, 29.1%, 17.1%, 12.6%, and 6.5% of patients had a serum lipoprotein(a) concentration
of ≥ 30, ≥ 50, ≥ 70, and ≥ 90 mg/dL, respectively. Patients with a serum lipoprotein(a) concentration of ≥ 50 mg/dL had a higher BMI (p = 0.04), a higher rate of non-ST-elevation myocardial
infarction (NSTEMI) (p = 0.035), a lower GRACE score (p = 0.038), higher levels of total cholesterol,
high-density lipoprotein cholesterol (HDL-C) and unadjusted low-density lipoprotein cholesterol
(LDL-C) concentrations (p = 0.002, 0.015, < 0.001, respectively), and a higher rate of three-vessel
disease (p = 0.023) compared to patients with a serum lipoprotein(a) concentration < 50 mg/dL.
The relative risk between lipoprotein(a) ≥ 50 mg/dL and MACE was 2.37. Conclusions: Patients
with acute myocardial infarction and serum lipoprotein(a) ≥ 50 mg/dL were more likely to have
NSTEMI and a lower GRACE score. Lipoprotein(a) ≥ 50 mg/dL at the time of acute myocardial infarction was not associated with in-hospital MACE, 30-days-after-discharge MACE, nor with all-cause
mortality within 6 months of study follow-up.
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INTRODUCTION
Low-density lipoprotein cholesterol (LDL-C) has long
been a focus of treatments aimed at reducing the
risk of adverse cardiovascular events 1 . In addition, lipoprotein(a) is considered remarkable for its
dual pathogenicity as a pro-atherosclerotic and prothrombotic agent 2 . Lipoprotein(a) is one of six
types of human lipoprotein. The others are chylomicron, high-density lipoprotein (HDL), intermediatedensity lipoprotein (IDL), low-density lipoprotein
(LDL), and very low-density lipoprotein (VLDL).
Lipoprotein(a) is comprised of an LDL particle that
contains a single molecule of apolipoprotein B100 and
another protein, apolipoprotein(a) 3–6 .
In the general population, meta-analyses of prospective population-based studies of adults show an in-

creased risk of coronary heart disease and myocardial
infarction at lipoprotein(a) concentrations greater
than 30 mg/dL, and an increased risk of ischemic
stroke at concentrations greater than 50 mg/dL 2,4,7 .
However, in high-risk populations, such as patients
with established atherothrombotic disease, there is
ongoing controversy regarding the influence of elevated lipoprotein(a) on cardiovascular risk 8 . In a
meta-analysis by Willeit et al., based on seven randomized, placebo-controlled, statin-outcomes trials,
the association between both baseline (no statin) and
statin treatment, the association of lipoprotein(a) with
cardiovascular disease risk was approximately linear,
with an increased risk at lipoprotein(a) values of ≥
30 mg/dL for the baseline group, and ≥ 50 mg/dL
for the statin group 9 . These findings suggest that patients with serum lipoprotein(a) of ≥ 50 mg/dL, who
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currently use statins, may benefit from lowering their
serum lipoprotein(a) levels. Therefore, we used 50
mg/dL as the cut-off value in our study, instead of 30
mg/dL, which is the manufacturer’s cut-off value, as
well as a common cut-off value in studies based on
the general population.
No approved pharmacologic therapies to lower
lipoprotein(a) concentrations are currently available 10 . Physical activity, diet, and statin use have not
been shown to affect serum lipoprotein(a) concentrations 9,11 . Various therapies have been suggested
to treat elevated concentrations of lipoprotein(a), including niacin, PCSK9 inhibitors, and CETP inhibitors; however, no randomized controlled trial has
demonstrated that a reduction in lipoprotein(a) leads
to a lower risk of cardiovascular disease 11–14 .
Lipoprotein(a) is currently emerging as a possible adjustable risk factor for cardiovascular disease. However, published data on lipoprotein(a) in Vietnamese
patients is still insufficient, especially in patients
with acute myocardial infarction. Therefore, in this
trial, our objective was to estimate the proportion
of patients with acute myocardial infarction who
have serum lipoprotein(a) ≥ 50 mg/dL, and to describe the correlation between high concentrations of
serum lipoprotein(a) and major adverse cardiovascular events and all-cause mortality after acute myocardial infarction.

METHODS
This study was carried out in the Cardiology Department of Cho Ray Hospital, Vietnam, from January
2020 to May 2020. All patients were followed until
June 2020.

Study design and participants
In this prospective cohort study, randomly selected
patients diagnosed with acute myocardial infarction
upon admission had blood samples collected for
serum lipoprotein(a) analysis no later than 108 hours
from the time of symptom onset, and no later than
36 hours from hospital admission. The serum fraction was separated from the blood sample and stored.
Measurements of serum lipoprotein(a) concentration
were performed weekly in the Biochemical Department of Cho Ray Hospital using an immunoturbidimetric assay with an Abbott Quantia Lp(a) kit by an
Abbott ARCHITECT c16000 clinical chemistry analyzer. Participants were classified into two groups,
namely the high lipoprotein(a) [Lp(a)] group (participants had serum lipoprotein(a) ≥ 50 mg/dL) and

4874

the low Lp(a) group (participants had serum lipoprotein(a) < 50 mg/dL). Data on demographics, hematologic and biochemical blood test results, and coronary angiography results (if available) were collected.
Lipoprotein(a)-adjusted LDL-C values were calculated based on the Dahlen formula (LDL-C minus
30% lipoprotein(a)’s weight) 15 . Enrollment in the
study did not affect treatment decisions; lipoprotein(a) results were not disclosed, and only provided
to participants at discharge. All patients were followed for major adverse cardiovascular events (defined as cardiovascular-related death, nonfatal myocardial infarction, and nonfatal ischemic stroke)
while in hospital and within 30 days after discharge.
After 30 days of discharge, all-cause mortality was followed up in patients until June 30, 2020.
Patients 18 to 80 years of age, who were diagnosed
with acute myocardial infarction using the Fourth
Universal Definition of Myocardial Infarction 16 and
admitted within 72 hours from the onset of the symptoms, were eligible for enrollment. Exclusion criteria
included septic shock, end-stage cancer, cardiac arrest
with clear evidence of noncardiac origin, history of
any hereditary cholesterol disorder, and patients with
a history of using niacin, estrogen replacement therapy, PCSK9 inhibitors, CETP inhibitors, or lipoprotein apheresis. The trial participants provided their
informed consent in writing prior to enrollment.

Sample size
To estimate the proportion of acute myocardial infarction patients with serum lipoprotein(a) ≥ 50
mg/dL, we calculated the sample size to be 163 for a
0.05 margin of error. To detect differences in the rates
of significant adverse cardiovascular events between
the two groups of high and low lipoprotein(a), the ttest with equal variance showed that the sample size
should be 108 for 80% power.
Detailed definitions of the variables collected are presented in the Supplementary Appendix.

Statistical analysis
We used the Shapiro-Wilk test to examine the normality of our data. The results were presented as the
mean ± standard deviation for variables with normality, and as the median and interquartile range (IQR)
for variables without normality. The t-test equal variance was used to compare the two groups. We performed Fisher’s exact test for categorical variables if
the expected value was less than six, and Pearson’s chisquare test for other categorical variables.
Logarithmic rank testing was performed to assess the
difference in survival between the two groups. Cox
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regression analysis was used to assess the impacts of
the survival variable on independent factors. All hypotheses were tested as two tails, and a p-value < 0.05
was considered statistically significant. Statistical analyzes were performed using IBM SPSS Statistics 26.0
software and RStudio version 3.6.2.

Ethical considerations
Patients’ participation in the study was voluntary, and
they were informed of the benefits and risks of participating in our study prior to enrollment. Patient information was kept confidential and used only for research purposes. Participants were informed that they
could withdraw from the study at any time.
The Ethics Council approved the study on biomedical
research at the University of Medicine and Pharmacy
at Ho Chi Minh City on 11 October 2019, approval
number 483/DHYD-HDDD, study number 19460DHYD.

Figure 1: Summary of patients within 30 days af-ter discharge.

Figure 2: The histogram of serum lipoprotein(a) concentration between the status of patients.
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Figure 3: Kaplan-Meier curve between lipoprotein(a) ≥ 50 mg/dL and lipoprotein(a) < 50 mg/dL.

Table 1: Proportions of patients with acute myocardial infarction who have different levels of serum lipoprotein(a)
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Plasma lipoprotein (a)

Percentage (%) N = 199

95% CI

≥ 30 mg/dL

29.1

22.8-35.5

≥ 40 mg/dL

20.1

14.5-25.7

≥ 50 mg/dL

17.1

11.9-22.3

≥ 60 mg/dL

14.6

9.7-19.5

≥ 70 mg/dL

12.6

8.0-17.2

≥ 80 mg/dL

10.1

5.9-14.2

≥ 90 mg/dL

6.5

3.1-10.0

≥ 180 mg/dL

1.5

-
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Table 2: Demographic and clinical characteristics of patients according to the level of Lp(a)
Variables

Age, years (IQR)
Female, n (%)
BMI, kg/m2 (IQR)

All (N = 199)

High Lp(a) group
(n = 34)

Low Lp(a) group
(n = 165)

P-value

63.0 (54.0-70.0)

57.0 (52.5-69.3)

64.0 (55.0-71.0)

0.074

71 (35.7)

12 (35.3)

59 (35.8)

0.959

22.9 (20.8-24.6)

23.9 (22.1-25.5)

22.5 (20.8-24.4)

0.040

Risk factors, cardiovascular history and comorbidities
Current smoking, n (%)

98 (49.2)

15 (44.1)

83 (50.3)

0.511

Arterial hypertension, n (%)

103 (51.8)

16 (47.1)

87 (52.7)

0.547

Diabetes mellitus, n (%)

58 (29.1)

7 (20.6)

51 (30.9)

0.228

Family member with premature coronary heart disease, n
(%)

11 (5.5)

1 (2.9)

10 (6.1)

0.694

Myocardial infarction, n (%)

14 (7.0)

2 (5.9)

12 (7.3)

1.000

Percutaneous coronary intervention, n (%)

4 (2.0)

1 (2.9)

3 (1.8)

0.530

Coronary artery bypass graft
procedure, n (%)

1 (0.5)

0%

1(0.6)

1.000

Stroke, n (%)

20 (10.1)

2 (5.9)

18 (10.9)

0.537

Heart failure, n (%)

12 (6.0)

0 (0)

12 (7.3)

-

Chronic kidney disease grade
≥3 (KDIGO) , n (%)

5 (2.5)

0 (0)

5 (3.0)

-

12.3 (6.3-22.7)

13.2 (7.4-31.5)

11.9 (6.0-22.4)

0.321

96 (48.2)

22 (64.7)

74 (44.8)

0.035

120 (100-130)

120 (100-133)

120 (100-130)

0.106

Heart rate, bpm (IQR)

79 (65-93)

73 (65-89)

79 (65-94)

0.606

Killip I, n (%)

121 (60.8)

21 (61.8)

100 (60.6)

0.900

Killip ≥ II, n (%)

78 (39.2)

13 (38.2)

65 (39.4)

159 (136-190)

147 (124-172)

164 (137-193)

0.038

43 (34-55)
(n = 33)

44 (34-54)
(n = 163)

0.840

Presentation at admission
Duration from symptom onset to hospital admission,
hours (IQR)
NSTEMI, n (%)
Blood
(IQR)

pressure,

mmHg

GRACE score (IQR)
Left ventricular ejection fraction, % (IQR)

44.0 (34.0-54.0)
(n = 196)
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Variables
Laboratory tests
Duration from symptom onset to first troponin I sample received, hour (IQR)
First sample Troponin I, ng/mL (IQR)
Second sample Troponin I, ng/mL (IQR)
Troponin I level change, ng/mL (IQR)
Duration between two troponin I samples, hours (IQR)
Haemoglobin, g/L
White blood cell count, G/L (IQR)
Platelet count, G/L (IQR)
Plasma creatinine, mg/dL (IQR)
Plasma sodium, mmol/L (IQR)
Plasma potassium, mmol/L (IQR)
AST, U/L (IQR)
ALT, U/L (IQR)
Total cholesterol, mg/dL (IQR)
LDL-C, mg/dL (IQR)
HDL-C, mg/dL(IQR)
Triglyceride, mg/dL (IQR)
Duration from symptom onset to lipoprotein(a) sample received, hours (IQR)
Lipoprotein (a), mg/dL (IQR)
Lipoprotein(a)-adjusted LDL-C, mg/dL (IQR)
Medication during hospital stay

All (N = 199)

High Lp(a) group (n = 34)

Low Lp(a) group (n = 165)

P- value

13.5 (7.6-25.5)
33.4 (8.4-50.0)
36.1 (11.8-168.1)
29.0 (6.8-194.8)
11.3 (5.6-19.4)
130.0 ± 17.7
12.4 (10.1-15.8)
261 (220-301)
0.94 (0.75-1.17)
138 (136-140)
3.7 (3.4-4.0)
86.0 (47.0-213.5)
44.0 (27.5-73.5)
179.0 (147.3-209.8) (n = 192)
120.5 (92.0-145.8) (n = 192)
36.0 (30.0-42.0) (n = 192)
156.0 (102.5-233.0) (n = 192)
42.7 (34.0-54.0)
17.8 (7.8-34.6)
111.2 (87.1-136.1) (n = 192)

16.0 (9.0-33.8)
28.7 (11.9-50.0)
34.4 (15.0-152.9)
23.2 (8.9-178.3)
10.5 (5.7-19.8)
132.5 ± 13.6
11.6 (9.9-14.0)
259 (217-305)
0.81 (0.70-1.12)
138 (136-140)
3.7 (3.5-4.1)
87.0 (48.5-149.5)
38.0 (26.5-50.5)
207.5 (162.3-228.3) (n = 34)
149.5 (130.0-177.5) (n = 34)
38.5 (34.8-44.5) (n = 34)
48.4 (27.5-59.1) (n = 34)
48.4 (27.5-59.1)
85.4 (68.2-105.2)
118.2 (90.4-153.0) (n = 34)

13.0 (7.2-24.7)
37.3 (8.4-50.0)
37.3 (10.2-168.5)
34.3 (6.6-199.9)
11.3 (5.6-19.2)
129.5 ± 18.4
12.6 (10.1-16.0)
261 (223-301)
0.94 (0.76-1.19)
138 (136-140)
3.7 (3.4-4.0)
85.5 (46.3-236.5)
47.5 (28.0-76.0)
174.0 (144.0-200.0) (n = 158)
112.5 (88.0-140.0) (n = 158)
35.0 (29.0-41.3) (n = 158)
41.5 (34.0-53.2) (n = 158)
41.5 (34.0-53.2)
12.9 (7.0-25.0)
107.3 (86.6-134.6) (n = 158)

0.105
0.563
0.683
0.975
0.498
0.366
0.191
0.802
0.099
0.525
0.602
0.648
0.131
0.002
< 0.001
0.015
0.809
0.326
0.090

Aspirin, (%)
Clopidogrel, (%)
Ticagrelor, (%)
ACEi/ARB, (%)
Betablockers, (%)

100%
67.3%
34.2%
91.5%
47.7%

100%
52.9%
50.0%
94.1%
55.9%

100%
70.3%
30.9%
90.9%
46.1%

0.049
0.033
0.742
0.296
Continued on next page
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Table 3: The laboratory tests and treatment characteristics of patients according to the level of Lp(a)

36.2%
26.1%
100%
1.0%
0%
100%

32.4%
29.4%
100%
0%
0%
100%

37.0%
25.5%
100%
1.2%
0%
100%

0.610
0.632
1.000
-

153 (76.9)
62.1 (12.9-107.7) (n = 153)
62.1% (n = 153)
26.8% (n = 153)
29.4% (n = 153)

27 (79.4)
77.8 (17.8-110.3) (n = 27)
70.4% (n = 27)
44.4% (n = 27)
44.4% (n = 27)

126 (76.4)
56.4 (10.8-107.4) (n = 126)
60.3% (n = 126)
23.0% (n = 126)
26.2% (n = 126)

0.701
0.338
0.329
0.023
0.059

1.5%
0%
6 (5-8)

2.9%
0%
6 (5-8)

1.2%
0%
6 (4-9)

0.432
0.558

IQR: interquartile range; NSTEMI: Non-ST-elevation myocardial infarction, ACEi/ARB: angiotensin converting enzyme inhibitor or angiotensinogen receptor blocker; NOAC: noveloral anticoagulant; LMWH: Low molecular
weigh theparin
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Table 3 continued
Spironolactone, (%)
Loop diuretics, (%)
LMWH, (%)
NOAC, (%)
Anti-vitamin K, (%)
Statin, (%)
Coronary angiography
Coronary angiography with/without PCI, n (%)
Duration from symptom onset to coronary angiography, hours (IQR)
Two-or-more-vessel disease, n (%)
Three-vessel disease, n (%)
Left main and/or three-vessel disease, n (%)
Other reperfusion therapies
Coronary artery ypass grafting procedure, (%)
Fibrinolytic, (%)
Hospital stay, day (IQR)
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RESULTS
From January 16, 2020, to May 30, 2020, 200 patients
were enrolled, and 199 patients were included in the
final analysis. One patient was excluded from the
analysis due to the loss of blood samples and the inability to contact the patient. Overall, 20 patients were
lost to follow up after discharge (Figure 1). The median follow-up time was 88 days (IQR 54.0 – 125.0)
(Figure 1 ).
Among the 199 patients who participated in the study,
128 patients (64.3%) were male. Most of the patients
belonged to the Kinh ethnic group (195, 98.0%), and
had a median age of 63.0 years (IQR 54.0 – 70.0) and
a median BMI of 22.9 (IQR 20.8 – 24.6) kg/m2 . The
patients were born primarily in the provinces of the
Mekong Delta.
Blood samples for lipoprotein(a) measurements were
received a median of 42.7 hours after the onset of
symptoms of myocardial infarction (IQR 34.0 - 54.0).
However, serum lipoprotein(a) concentrations in patients with acute myocardial infarction did not show
a normal distribution (Shapiro-Wilk p < 0.001), with
the histogram skewed to the right (Figure 2).
Table 1 shows the proportions of patients with acute
myocardial infarction and various concentrations of
serum lipoprotein(a). Among the study population,
34 patients (17.1%) had lipoprotein(a) ≥ 50 mg/dL,
and 3 patients (1.5%) had very high lipoprotein(a)
concentrations of ≥180 mg/dL. Additionally, 17.19%
of male patients had lipoprotein(a) ≥ 50 mg/dL compared to 16.90% of female patients. Demographic
and clinical characteristics are shown in Table 2.
In our sample, 103 patients (51.8%) had been diagnosed with hypertension and 58 patients (29.1%) had
been diagnosed with diabetes. Moreover, 11 patients
(5.5%) had a family member(s) with premature coronary heart disease, and 14 patients (7.0%) had experienced a myocardial infarction. Furthermore, 4
patients (2.0%) had undergone a coronary intervention, 1 patient (0.5%) had undergone coronary artery
bypass grafting surgery, and 20 patients (10.1%) had
experienced at least a stroke. Consequently, 12 patients (6.0%) had been diagnosed with heart failure
and 5 patients (2.5%) had been diagnosed with stage 3
or greater significant chronic kidney disease. Results
from other hematologic and biochemical tests are presented in Table 3 . Some patients may not have had all
their test results collected. These cases are shown individually with a sample size n in the statistical results
box.
Compared to patients with serum lipoprotein(a) <
50 mg/dL [low Lp(a) group], patients with serum
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lipoprotein(a) ≥ 50 mg/dL [high Lp(a) group] had
significantly higher BMI (median 23.9 vs. 22.5, p =
0.0400), a higher rate of non-ST-elevation myocardial
infarction (NSTEMI) (64.7% vs. 44.8%, p = 0.035),
and a lower GRACE score (median 147 vs. 164, p
= 0.038). No differences in patients’ medical history
were found between the two groups. Total serum
cholesterol, LDL-C, and HDL-C concentrations were
significantly higher in the high Lp(a) group (mean
total cholesterol, LDL-C, HDL-C: 207.5, 149.5, 38.5
mg/dL vs. 174.0, 112.5, 35.0 mg/dL; p = 0.002, < 0.001,
0.015, respectively). After adjusting for lipoprotein(a)
cholesterol using a conservative number of 30% of its
weight, lipoprotein(a)-adjusted LDL-C was found to
be not statistically different between the two groups
(118.2 mg/dL in the high Lp(a) group vs. 107.3 mg/dL,
p = 0.090). The rate of three-vessel disease was significantly higher in the high Lp(a) group (44.4% vs.
23.0%, p = 0.0230) (Table 3). Patients in the high
Lp(a) group were indicated for the use of ticagrelor at
a higher rate compared to the low Lp(a) group (50.0%
vs. 30.9%, p = 0.033) and for the use clopidogrel at
a lower rate (52.9% vs. 70.3%, p = 0.049). Differences in the rate of aspirin use, ACEi or ARB, betablockers, spironolactone, loop diuretics, heparin, and
statins between the two groups were not found. The
rate of patients receiving coronary angiography, from
the onset of symptoms to performance of the procedure, was not statistically different between the two
groups. In addition, length of hospital stay was not
statistically different between the two groups (both
groups: median 6 days, p = 0.558).
In terms of major cardiovascular events among the
199 study patients, 17 patients (8.5%) reported inhospital major cardiovascular events. All of these
patients’ deaths were cardiovascular-related and occurred a median of 3 days (IQR 2.0-13.5) after admission. Among these, male patients (7.81%) were
recorded with MACE during the study compared to
9.86% in female patients. We did not observe a statistically significant difference between the two groups
of patients in the incidence of in-hospital MACE (0%
in the high Lp(a) group compared to 10.3% in the
low Lp(a) group, p = 0.084) or MACE after hospitalization up to 30 days of follow-up after discharge
(6.7% in the high Lp(a) group vs. 15.4% in the low
Lp(a) group, p = 0.206). At the same time, we also
found no statistically significant differences in the rate
of re-hospitalization (13.3% in the Lp(a) high group
vs. 10.6% in the low Lp(a) group, p = 0.747) or unplanned follow-up visit (6.7% in the Lp(a) high group
vs. 0.8% in the low Lp(a) group, p = 0.088) between
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Table 4: Outcomes of study population between the HighLp(a) group and Low Lp(a) groups up to 30 days after
discharged
Variables

Sample size

Number (%)

P value

High Lp(a)
group

Low Lp(a)
group

High Lp(a)
group

Low Lp(a)
group

In-hospital MACEs, n (%)

34

165

0 (0%)

17 (10.3%)

0.084

MACEs since hospitalization up
to 30 days of follow-up after discharge, n (%)

30

149

2 (6.7%)

23 (15.4%)

0.206

Rehospitalizationswithin 30 days
after discharged, n (%)

30

132

4 (13.3%)

14 (10.6%)

0.747

Unplanned follow-up visitwithin
30 days after discharged, n (%)

30

132

2 (6.7%)

1 (0.8%)

0.088

the two groups within 30 days of follow-up after discharge (Table 4).
The relative risk associated with lipoprotein(a) ≥ 50
mg/dL and MACE following hospitalization up to 30
days after discharge was 2.37 (95% CI 0.59 – 9.58, p
= 0.20) and not statistically significant. The adjusted
hazard ratio for GRACE score 1.026 (95% CI 1.017
– 1.034, p < 0.001), was statistically significant. The
Kaplan-Meier survival plots of the high Lp(a) group
and the low Lp(a) group were not clearly separated
(Figure 3). The survival difference between the two
groups was not statistically significant, �2 (1) = 1.31,
p = 0.31. The hazard ratio for lipoprotein(a) ≥ 50
mg/dL and all-cause mortality was 0.50 (95% CI 0.20
- 1.80) and was not statistically significant. Although
we did not find statistically significant odds ratios
between gender and MACE (odds ratio = 0.98, p =
0.9590), the hazard ratio for females with MACE compared to males was 4.88 (p < 0.0001).

DISCUSSION
In this study, which was conducted in the context of
the COVID-19 pandemic, we believe that our study
population had some selection bias, in that the proportion of patients not referred to Cho Ray hospital
may have increased, especially for NSTEMI patients
who did not wish to have coronary angiography. Patients with mild symptoms could be admitted later
and the proportion of patients with severe symptoms
may have increased.
In patients with acute myocardial infarction, lipoprotein(a) concentrations had a right-skewed histogram,
in line with other studies globally. Although direct
comparison is difficult due to the lack of consistent
results between different methods of measurement 2 ,
the median serum lipoprotein(a) concentration was

higher than that of the general populations of Chinese and Japanese individuals (12.9 and 13.1 mg/dL,
respectively 17 ).
In our study population the proportion of patients
with acute myocardial infarction and serum lipoprotein(a) ≥ 30 mg/dL was 29.1%, and the proportion
with serum lipoprotein(a) ≥ 50 mg/dL was 17.1%,
which is quite remarkable. This result was similar to
that report in a study by Buuren et al. on a population with coronary artery disease, in which 26.6%
of patients had lipoprotein (a) concentrations > 30
mg/dL and 18.4% of patients had lipoprotein(a) > 50
mg/dL 18 .
When comparing patients with acute myocardial infarction and serum lipoprotein(a) ≥ 50 mg/dL with
patients whose serum lipoprotein(a) is < 50 mg/dL,
our study found that patients in the high Lp(a) group
were more likely to have NSTEMI and less likely to
have STEMI compared to patients in the low Lp(a)
group. If we had used 30 mg/dL as the cutoff value, the
result would not have been statistically significant (the
NSTEMI rates in the high and low Lp(a) groups were
58.6% and 44%, respectively, p = 0.060). Our study
also found that the GRACE score was lower in the
high Lp(a) group, but not statistically significant.At
the time of writing, we could not find similar findings
in other publications, in part due to the difference in
cutoff values.
Coronary angiography resulted in a higher rate of
three-vessel disease in the high Lp(a) group, suggesting that exposure to high concentrations of lipoprotein(a) may have caused a significant plaque burden
in all coronary vessels.
Our study did not find correlations between increased
lipoprotein(a) concentrations and major adverse cardiovascular events, both in-hospital and up to 30 days
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of follow-up after hospital discharge. We also found
no association between increased lipoprotein(a) concentrations and the risk of death from all causes during the 6-month study follow-up (HR = 0.5, 95% CI
0.2-1.8). Christian Roth et al. and Baris Gencer et
al. reported similar findings, although different cutoff values were used (15, 30, 60 mg/dL in the study by
Christian Roth et al. and 30 mg/dL in the study by
Baris Gencer et al.) 19,20 .
In summary, although an association between elevated serum lipoprotein(a) concentrations and cardiovascular diseases in patients who have had acute
coronary syndrome or acute myocardial infarction
has been shown, this association is not robust. Our
study and the studies by Christian Roth et al. and
Baris Gencer et al. have found that this association
is not statistically significant 19,20 . We hypothesize
that the lack of statistical significance may be due to
the short follow-up time, a less-selective target population, or an inappropriate cutoff value for lipoprotein(a). Interpretation of the results may also be a
factor: currently, elevated lipoprotein(a) is considered a cardiovascular risk factor similar to other nonmodifiable risk factors. A more robust conclusion that
lipoprotein(a)-lowering treatment reduces the risk of
cardiovascular events, may need confirmation from
further trials, notably the lipoprotein(a) HORIZON
study.
Our study has some limitations. First, this is a singlecenter study with a limited sample size. However, this
is the first study to evaluate the association of lipoprotein(a) in Vietnamese patients with acute myocardial
infarction. Second, the follow-up time was relatively
short, and may not have been sufficient for enough
events to occur and to increase the statistical validity
of the analysis. Fewer reports found an association
between lipoprotein(a) and MACE at a longer postdischarge follow-up at 1 year and 3 years 21,22 . Therefore, further studies with larger sample sizes, multicenters, and longer follow-up times are needed. Additionally, our endpoint at follow-up was all-cause mortality, and we did not report other data such as cardiovascular death, stroke, urgent coronary revascularization.

CONCLUSIONS
Patients with acute myocardial infarction with concentrations of serum lipoprotein(a) ≥ 50 mg/dL were
more likely to have NSTEMI and lower GRACE
scores. Lipoprotein(a) ≥ 50 mg/dL at the time of
acute myocardial infarction was not associated with
in-hospital MACE or 30-day-after-discharge MACE,
nor with all-cause mortality within 6 months of study
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follow-up. A multi-center study with a larger sample size, and long-term follow-up is needed to evaluate with greater confidence the association between
lipoprotein(a) and MACE.

ABBREVIATIONS
95% CI: 95% confident interval, HDL: high-density
lipoprotein, HDL-C: high-density lipoprotein cholesterol, IDL: intermediate-density lipoprotein, IQR: interquartile range, LDL: low-density lipoprotein, LDLC: low-density lipoprotein cholesterol, MACE: major cardiovascular adverse events, NSTEMI: non-STelevation myocardial infarction, VLDL: very lowdensity lipoprotein
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