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ABSTRACT

Background: Lipoprotein(a) is a known independent risk factor for atherosclerotic
cardiovascular disease. However, the prognostic impact of the baseline lipoprotein(a) levels on
long-term clinical outcomes among patients with acute myocardial infarction remain unclear.
Methods: We analyzed 1,908 patients with acute myocardial infarction from November 2011
to October 2015 from a single center in Korea. They were divided into 3 groups according

to their baseline lipoprotein(a) levels: groups I (< 30 mg/dL, n =1,388), II (30-49 mg/dL,

n =263), and III (250 mg/dL, n = 257). Three-point major adverse cardiovascular events (a
composite of nonfatal myocardial infarction, nonfatal stroke, and cardiac death) at 3 years
were compared among the 3 groups.

Results: The patients were followed for 1094.0 (interquartile range, 1,033.8-1,095.0) days,
during which a total 0of 326 (17.1%) three-point major adverse cardiovascular events occurred.
Group III had higher rates of three-point major adverse cardiovascular events compared with
Group I (23.0% vs. 15.7%; log-rank P=0.009). In the subgroup analysis, group III had higher
rates of three-point major adverse cardiovascular events compared with group I in patients
with non-ST-segment elevation myocardial infarction (27.0% vs. 17.1%; log-rank P=0.006),
but not in patients with ST-segment elevation myocardial infarction (14.4% vs. 13.3%; log-
rank P=0.597). However, in multivariable Cox time-to-event models, baseline lipoprotein(a)
levels were not associated with an increased incidence of three-point major adverse
cardiovascular events, regardless of the type of acute myocardial infarction. Sensitivity
analyses in diverse subgroups showed similar findings to those of the main analysis.
Conclusion: Baseline lipoprotein(a) levels in Korean patients with acute myocardial
infarction were not independently associated with increased major adverse cardiovascular
events at 3 years.

Keywords: Lipoprotein(a); Myocardial Infarction; Stroke; Death

INTRODUCTION

As first described in 1963 by Kare Berg, lipoprotein(a) [Lp(a)] is a low-density lipoprotein
(LDL)-like particle that consists of an apolipoprotein B100 molecule covalently linked to
avery large glycoprotein known as apolipoprotein(a).1 Epidemiological and Mendelian
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randomization studies provide support for a causal association between Lp(a) levels and
cardiovascular disease.24 Current guidelines recommend the use of Lp(a) to identify patients
at high risk of atherosclerotic cardiovascular disease.56 However, the exact mechanisms
underlying the increased risk of atherosclerotic cardiovascular disease mediated by Lp(a)
remain unclear.”

Patients presenting with acute coronary syndromes (ACSs) are at high risk of recurrent
atherosclerotic cardiovascular disease events.8 Lp(a) could be a key component of the
residual risk following a prior cardiovascular event that was not treated with statins.%10 In the
Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated
Risk (FOURIER) trial, patients with cardiovascular disease (81.1% of whom had a history of
myocardial infarction) and Lp(a) levels in the highest quartile were associated with major
atherosclerotic cardiovascular events but not with increased cardiovascular mortality.11,12
However, the results of recent studies on the predictive value of baseline Lp(a) levels after
index ACS events are conflicting.1316 Furthermore, the associated risk between high Lp(a)
levels and acute myocardial infarction (AMI) reportedly varies markedly between ethnic
groups.17 Although LDL cholesterol has been proven to be a major causal factor for the
development of atherosclerotic cardiovascular disease, the prognostic value of baseline LDL
cholesterol after atherosclerotic cardiovascular events is different from what is expected: low
baseline LDL cholesterol is associated with worse clinical outcomes.18-20 Herein, we aimed to
evaluate the prognostic impact of the baseline Lp(a) levels on 3-year cardiovascular outcomes
in patients with AMI, using a large, single-center cohort in Korea

METHODS

Study design and population

This was a single-center cohort study that involved patients between November 2011

and October 2015 at Chonnam National University Hospital, as a part of prospective,
observational Korea Acute Myocardial Infarction Registry.21,22 A total of 3,004 adult
patients admitted with AMI were enrolled. From this sample, 1,024 whose Lp(a) levels were
not measured at baseline, were excluded. In addition, a further 72 were excluded due to

loss to follow-up or the absence of any of the following clinical data: body mass index, left
ventricular ejection fraction, anemia, total cholesterol, and creatinine clearance. In the final
analysis, a total 0f 1,908 patients (mean 65.2 + 12.8 years, 70.5% men) were included. They
were divided into the following groups according to Lp(a) levels: groups I (Lp(a) < 30 mg/dL,
n=1,388), II (Lp(a) 30-49 mg/dL, n = 263), and III (Lp(a) = 50 mg/dL, n = 257) (Fig. 1).

Outcomes and definition

The primary endpoint was three-point major adverse cardiovascular events (3P-MACEs),
which was a composite of nonfatal myocardial infarction, nonfatal stroke, and cardiac
death. All patients completed the 3-year follow-up via interview, chart review, or phone call
regarding outcomes conducted by trained clinical research coordinators who were blinded
to the patient information until the last day of follow-up. ST-segment elevation myocardial
infarction (STEMI) was diagnosed based on the presence of a new ST-segment elevation

> 0.1 mV in > 2 contiguous leads (= 0.2 mV in V2 to V3 leads) or a new left bundle branch
block with a concomitant elevated cardiac biomarker. Percutaneous coronary intervention
(PCI) was considered successful when residual stenosis of < 30% with > grade II of final
Thrombolysis In Myocardial Infarction flow was achieved. Venous blood samples were
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Patients admitted to Chonnam National University Hospital
with AMI between December 2011 and October 2015
(N =3,004)

4>| Missing baseline Lp(a) values (n =1,024)

Patients with baseline Lp(a) values
(n =1,980)

Missing data (n = 72)

- BMI (n = 21)

- LVEF (n = 31)

- Anemia (n=1)
-TC(n=1)

- eGFR (n =5)

- Lost to follow-up (n =13)

Patients with baseline Lp(a) values

(n=1,908)
v v
Group | Group Il Group Il
Lp(a) <30 mg/dL Lp(a) 30-49 mg/dL Lp(a) > 50 mg/dL
(n=1,388) (n =263) (n =257)

Fig. 1. Flow chart of the study population. Data of the study population was derived from Chonnam National
University Hospital in Korea.

AMI = acute myocardial infarction, Lp(a) = lipoprotein(a), BMI = body mass index, LVEF = left ventricular ejection
fraction, TC = total cholesterol, eGFR = estimated glomerular filtration rate.

collected from patients in serum-separating tubes (Becton, Dickinson and Company
vacutainer®) and centrifuged within 2 hours (2,465 g, 15 minutes). The relevant tests were
performed immediately after collection of this centrifuged serum. Prior to September 1,
2017, plasma Lp(a) levels were determined using nephelometry (Siemens BN™ II system)
and presented in mg/dL with an analytic range of 10.0 to 160 mg/dL. After September 1, 2017,
Lp(a) levels were measured using immunoturbidimetry (AU5800, BECKMAN COULTER)
and presented in an analytic range of 2.0 to 100 mg/dL. Other related biochemical and
hematological indicators were measured according to standard tests.

Statistical analysis

Statistical analyses were performed using R version 4.1.1 (R Foundation for Statistical
Computing, Vienna, Austria). The baseline characteristics of the study population are
presented as mean + standard deviation for continuous variables and as numbers and
percentages for categorical variables. Continuous variables among groups were compared
using the one-way analysis of variance and categorical variables were compared using the

’ test or Fisher exact test, as appropriate. Trend tests were performed to examine trends in
the variables across the Lp(a) strata. Cumulative incidence rates for 3P-MACE among groups
were compared by log-rank tests. The hazard ratios (HRs) of variables for 3P-MACE were
assessed using the Cox proportional hazards model. Variables with a Pvalue < 0.05 in the
univariable model were added to the multivariable model; they included the following: age,
sex, body mass index, hypertension, diabetes mellitus, smoking, family history of premature
coronary artery disease, history of myocardial infarction, heart failure, and cerebrovascular
disease, systolic blood pressure < 100 mmHg, left ventricular ejection fraction < 50%, Killip
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classification > 2 on admission, anemia, total cholesterol > 240 mg/dL, LDL cholesterol,
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estimated glomerular filtration rate < 60 mL/min/1.73 m?, PCI, and high-intensity statin.
Sensitivity analyses were performed in statin-naive patients, in those who underwent
successful PCI, and statin-users. This study was reported in accordance with the STROBE
(STrengthening the Reporting of OBservational studies in Epidemiology) guidelines.

Ethics statement

The study protocol was reviewed and approved by the Institutional Review Board of Chonnam
National University Hospital (approval Number: BTMP-2022-300). The need for informed
consents was waived due to the retrospective nature of the study. This study was conducted
according to the principles expressed in the Declaration of Helsinki.

RESULTS

The Lp(a) levels ranged from 8.94 to 178.0 mg/dL, with a median value 0f 17.0 mg/dL and a mean
value of 26.6 mg/dL. Fig. 2 shows the distribution of Lp(a) levels in the studied population.

Baseline characteristics and angiographic findings

Baseline clinical and laboratory characteristics, and medications of enrolled patients

are listed in Table 1. Patients with higher Lp(a) plasma levels (> 50 mg/dL) were older,

more often female, less often obese, and more likely to have a history of hypertension

and cerebrovascular disease compared with those with lower Lp(a) levels (< 30 mg/dL).
Additionally, they were more likely to have low left ventricular ejection fractions, high Killip
classification scores on admission, low hemoglobin levels, low creatine clearance rates, and
high cholesterol levels. Among the 1,908 patients, 695 patients (36.4%) had STEMI, and 1,213
patients (63.6%) had non-ST-segment elevation myocardial infarction (NSTEMI). There were
no significant differences in medications at discharge between the two groups.

Coronary angiographic findings of patients with AMI are listed in Supplementary Table 1. A
total 0£1,897 (99.4%) of 1,908 patients underwent coronary angiography and 1,674 (87.7%) of
them underwent PCI. Patients with higher Lp(a) levels (= 50 mg/dL) were more likely to have
multivessel disease.
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=z
200 -
]
0 —

0 20 40 60 80 100 120 140 160 180 200
Lipoprotein(a), mg/dL

Fig. 2. Distribution of lipoprotein(a) levels. Bars indicate the number of patients grouped according to
lipoprotein(a) levels at 20 mg/dL intervals.
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Table 1. Baseline clinical and laboratory characteristics, and medications at discharge

Variables Total Group | [Lp(a) <30  Group Il [Lp(a) 30-49 Group Il [Lp(a) > 50 P value P for
(n=1,908) mg/dL] (n=1,388) mg/dL] (n = 263) mg/dL] (n = 257) trend
Demographics
Age, yr 65.2+12.8 64.4+12.9 67.8+12.3 66.8+12.4 <0.001 0.001
Male 1,346 (70.5) 1,006 (72.5) 174 (66.2) 166 (64.6) 0.009  0.003
Initial presentation
Body mass index, kg/m? 24.0+ 3.4 24.1+ 3.4 24.1+3.3 23.3+3.5 0.004  0.003
Systolic blood pressure, mmHg 123.4 + 26.3 123.7 £ 26.7 121.0 = 26.8 124.4 + 23.7 0.274 0.917
Killip classification > 2 494 (22.9) 285 (20.5) 72 (27.4) 67 (26.1) 0.014  0.010
STEMI 695 (36.4) 518 (37.3) 94 (35.7) 83 (32.3) 0.297  0.125
Left ventricular ejection fraction, % 53.7+11.9 54.1+11.7 53.1+11.8 52.5+192.6 0.074 0.024
Cardiovascular risk factors
Hypertension 1,038 (54.4) 738 (53.2) 141 (53.6) 159 (61.9) 0.035 0.020
Diabetes mellitus 587 (30.8) 419 (30.92) 83 (31.6) 85 (33.1) 0.625  0.333
Dyslipidemia 140 (7.3) 99 (7.1) 20 (7.6) 21 (8.2) 0.829  0.540
Statin naive 84 (4.4) 62 (4.5) 7(2.7) 15(5.8) 0.206 0.663
Smoking 691 (36.2) 591 (37.5) 81 (30.8) 89 (34.6) 0.097  0.135
Family history of premature coronary artery disease 104 (5.5) 79 (5.7) 14 (5.3) 11 (4.3) 0.654  0.370
Myocardial infarction 161 (8.4) 118 (8.5) 25 (9.5) 18(7.0) 0.583 0.599
Heart failure 32(1.7) 21 (1.5) 2(0.8) 9 (3.5) 0.034  0.082
Cerebrovascular disease 138(7.2) 87 (6.3) 20 (7.6) 31(12.1) 0.004 0.001
Laboratory findings
Hemoglobin, g/dL 13.5+2.3 13.6 £ 2.2 13.3+£2.2 12.8+ 2.5 <0.001 <0.001
eGFR, mL/min/1.73 m? 96.0 + 44.3 97.1+42.6 94.7 + 48.0 91.0 + 48.9 0.126 0.042
Total cholesterol, mg/dL 167.3 + 44.3 164.7 + 44.2 177.1+ 46.1 171.0 + 41.5 <0.001 0.001
LDL cholesterol, mg/dL 106.1 + 39.8 103.3 £ 39.1 116.0+43.4 111.1 + 38.0 <0.001 <0.001
Percutaneous coronary intervention 1,674 (87.7) 1,212 (87.3) 231 (87.8) 231 (89.9) 0.515 0.270
Medical treatment
P2Y12 inhibitors 1,672 (99.9) 1,210 (99.8) 231 (100.0) 231 (100.0) 0.683  0.416
Beta-blocker 1,405 (83.9) 1,022 (84.3) 194 (84.0) 189 (81.8) 0.637  0.373
RAS blocker 1,424 (85.1) 1,039 (85.7) 192 (83.1) 193 (83.5) 0.467  0.273
Statin 1,545 (92.3) 1,118 (92.2) 211 (91.3) 216 (93.5) 0.678  0.665
High intensity statin 474 (24.8) 338 (24.4) 76 (28.9) 60 (23.3) 0.246  0.663
Anticoagulant 55(3.3) 46 (3.8) 2(0.9) 7 (3.0) 0.071 0.197

Data are expressed as mean + standard deviation or number of patients (%).
eGFR = estimated glomerular filtration rate, Lp(a) = lipoprotein(a), LDL = low-density lipoprotein, RAS blocker = renin-angiotensin-system blocker, STEMI = ST-

elevation myocardial infarction.

Clinical outcomes

All patients were followed for 1,094.0 (interquartile range, 1,033.8-1,095.0) days, and

3P-MACE occurred in 326 (17.1%) patients during this period. Among the 326 patients with
3P-MACE, 105 (32.2%) had nonfatal myocardial infarction, 60 (18.4%) had nonfatal stroke,
and 193 (59.2%) died of cardiac causes. Fig. 3 represents the cumulative incidence curve of

3P-MACE at 3 years for the overall population. The differences among cumulative incidence
curves were significant (log-rank P=0.009), and high Lp(a) plasma levels were associated
with an increased incidence of 3P-MACE. Table 2 shows the HR (95% confidence interval
[CI]) of variables including the 3 Lp(a) groups, with group I as the reference. Compared with
that of group I, the HR of group III for 3P-MACE was 1.54 (95% CI, 1.15-2.05; P= 0.003).
However, after performing multivariable adjustments, high Lp(a) plasma levels were not

significantly associated with an increased incidence of 3P-MACE. Additional analyses were
performed using log-transformed Lp(a) to have a normal distribution. Receiver operator
characteristic curves for baseline log-transformed Lp(a) on 3P-MACE were created and
revealed an area under the curve of 0.56. However, it is considered inappropriate to find the
cut-off value of log-transformed Lp(a) to predict 3P-MACE (Supplementary Fig. 1).
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Time, days

No. at risk
Lp(a) < 30 1,388 1,269 1,216 1,181 1,121 1,094
Lp(a)30-49 263 239 216 213 200 195
Lp(a) > 50 257 220 212 203 188 182

Fig. 3. Cumulative incidence of 3P-MACE for the overall patient population. Kaplan-Meier curves for 3P-MACE
(three-point major adverse cardiovascular events) over 3 years among the 3 groups are shown. Adjusted P value
are derived from the Cox time-to-event multivariable analysis between patients with Lp(a) < 30 mg/dL and those
with Lp(a) > 50 mg/dL.

Lp(a) = lipoprotein(a), 3P-MACE = three-point major adverse cardiovascular events.

Subgroup and sensitivity analysis

Subgroup analyses were performed for different AMI types. Fig. 4A and B show the
cumulative incidence curves for 3P-MACE in patients with NSTEMI or STEMI patients,
respectively. High Lp(a) plasma levels were associated with an increased incidence of
3P-MACE at 3 years in patients with NSTEMI (log-rank P = 0.006). However, there was no
significant association between Lp(a) levels and an incidence of 3P-MACE in patients with
STEMI (log-rank P=0.597). Table 3 represents Cox time-to-event multivariable model for
3P-MACE in patients with NSTEMI or STEMI. Regardless of the type of AMI, plasma Lp(a)
levels were not associated with an increased incidence of 3P-MACE.

When sensitivity analyses in a multivariable model were performed in statin-naive patients, in
those successfully treated with PCI, and statin-users, plasma Lp(a) levels were not associated
with an increased incidence of 3P-MACE (Supplementary Tables 2 and 3).

DISCUSSION

In this single-center cohort of patients with AMI in Korea, those with higher Lp(a) levels
were older, more often female, less often obese, and more likely to have hypertension

and cerebrovascular disease compared with those with lower Lp(a) levels. They were also
more likely to have anemia, low creatine clearance rates, and high cholesterol levels. They
had higher rates of 3P-MACE during a median follow-up of 3 years, which was specifically
attributable to NSTEMI. However, after adjustments for multiple variables, a high baseline
Lp(a) level was not an independent factor for an increased incidence of 3P-MACE at 3 years
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Table 2. Results from univariate and multivariate analyses to assess correlates of 3P-MACE at 3 years

Variables Univariate analysis Multivariate analysis
Hazard ratio P value Hazard ratio Pvalue
(95% CI) (95% CI)

Lipoprotein (a)

<30 mg/dL 1 (Ref) 1 (Ref)

30-49 mg/dL 1.23(0.90-1.68)  0.187  1.05(0.77-1.44) 0.759

> 50 mg/dL 1.54(1.15-2.05)  0.003  1.17(0.87-1.57) 0.306
Age 1.05 (1.04-1.06) <0.001  1.03 (1.02-1.05) <0.001
Male 0.60 (0.48-0.75) < 0.001 1.11 (0.87-1.43) 0.400
Body mass index > 25 kg/m? 0.66 (0.52-0.84) 0.001  0.96 (0.74-1.24) 0.735
Hypertension 1.89 (1.50-2.38) <0.001  1.23(0.96-1.59) 0.105
Diabetes mellitus 1.58(1.27-1.97) <0.001 1.00(0.79-1.28) 0.987
Dyslipidemia 0.89 (0.57-1.37) 0.583 - -
Statin naive 0.72 (0.39-1.31) 0.283 = =
Smoking 0.60 (0.47-0.77) <0.001  1.20(0.91-1.58) 0.203
Family history of premature coronary artery disease 0.47 (0.24-0.90) 0.024 0.71(0.36-1.38) 0.309
History of myocardial infarction 1.98 (1.45-2.69) <0.001 1.59(1.15-2.20) 0.005
History of heart failure 3.43(2.04-5.77) <0.001 1.83(1.07-3.15) 0.027
History of cerebrovascular disease 1.86(1.33-2.62) <0.001 1.22(0.86-1.73) 0.255
Systolic blood pressure < 100 mmHg 1.79(1.26-2.53) <0.001 1.14(0.79-1.64) 0.492
Left ventricular ejection fraction < 50 % 0.42(0.34-0.53) <0.001 1.58(1.25-1.99) <0.001
Killip classification > 2 1.65(1.48-1.84) <0.001 1.20(1.06-1.36) 0.004
Anemia 3.33(2.68-4.14) <0.001 1.52(1.17-1.98) 0.002
Total cholesterol > 240 mg/dL 0.51 (0.27-0.95) 0.035  0.94(0.47-1.87) 0.862
LDL cholesterol

<100 mg/dL 2.07 (1.52-2.80) <0.001 1.26(0.89-1.77) 0.194

100-129 mg/dL 1.42 (1.00-2.01) 0.049 1.21(0.83-1.75) 0.315

> 130 mg/dL 1 (Ref) - 1 (Ref) -
eGFR < 60 mL/min/1.73 m? 3.61(2.89-4.51) <0.001 1.74(1.33-2.27) <0.001
Percutaneous coronary intervention 0.69 (0.51-0.92) 0.013 0.85(0.63-1.15) 0.297
Statin naive 0.72 (0.39-1.31) 0.283 = =
High-intensity statin 0.68 (0.52-0.90)  0.007  0.95(0.72-1.27) 0.742

3P-MACE = three-point major adverse cardiovascular events, Cl = confidence interval, LDL = low-density
lipoprotein, eGFR = estimated glomerular filtration rate.

in patients with AMI, regardless of the type of AMI. Sensitivity analyses in statin-naive
patients, in those who successfully underwent PCI, and statin-users showed similar findings.
To our knowledge, this is the first study to demonstrate that baseline Lp(a) levels are not
independently associated with long-term cardiovascular outcomes in East-Asian patients
diagnosed with AMI.

Among the 1,908 patients, 326 (17.1%) 3P-MACE occurred during the median follow-up

of 3years. In the ODYSSEY Outcomes (Evaluation of Cardiovascular Outcomes After an

ACS During Treatment With Alirocumab) trial investigating the effect of alirocumab on
cardiovascular outcomes after an ACS, a composite of all-cause death, nonfatal myocardial
infarction, and nonfatal stroke occurred in 10.3% (973/9462) of patients in the alirocumab
group during the median follow-up duration of 2.8 years.23 Patients presenting with ACS are
at high risk of future atherosclerotic cardiovascular disease events.8 An individual patient-
data meta-analysis including 29,069 patients demonstrated that the association between
baseline Lp(a) and cardiovascular disease risk is approximately linear with increased risk at
Lp(a) values of 30 mg/dL or greater, irrespective of LDL cholesterol levels.10 In the FOURIER
trial, the higher Lp(a) levels were associated with an increased risk of a composite of cardiac
death, nonfatal myocardial infarction, and revascularization independent of LDL cholesterol
levels. This trial also demonstrated that evolocumab reduced the risk of cardiovascular events
by 23% (HR, 0.77; 95% CI, 0.67-0.88) in patients with a baseline Lp(a) > median, and by 7%
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Fig. 4. Cumulative incidence of 3P-MACE among patients with NSTEMI (A) and STEMI (B). Kaplan-Meier curves for 3P-MACE (three-point major adverse
cardiovascular events) over 3 years among the 3 groups are shown.

Lp(a) = lipoprotein(a), NSTEMI = non-ST-segment elevation myocardial infarction, 3P-MACE = three-point major adverse cardiovascular events, STEMI = ST-
segment elevation myocardial infarction.

(HR, 0.93; 95% CI, 0.80-1.08; Pinteraction = 0.07) in those with baseline Lp(a) < median.
Recently, Schwartz et al.24 performed a post hoc analysis of the ODYSSEY Outcomes trial and
demonstrated that proprotein subtilisin/Kexin type 9 inhibition provides incremental clinical
benefit only when Lp(a) levels are at least mildly elevated in patients with ACS who have

LDL cholesterol levels near 70 mg/dL after optimized statin therapy. This body of evidence
supports the association between Lp(a) levels on residual cardiovascular risk in patients with
ACS, independent of LDL cholesterol levels.

However, in the present study, although patients with higher Lp(a) levels had higher
incidence rates of 3P-MACE during a median follow-up of 3 years, a high baseline Lp(a) level
was not an independent factor for an increased incidence of 3P-MACE after AMI. When
patients were stratified into subgroups according to the AMI types (STEMI vs. NSTEMI),
previous statin treatments, and successful PCI, an independent association between Lp(a)
levels and 3P-MACE at 3 years was still not detected. Furthermore, results of previous
studies investigating the association between baseline Lp(a) and cardiovascular outcomes
after index events in patients with ACS are conflicting. An analysis of the Pravastatin

or Atorvastatin Evaluation and Infection Therapy trial was also unable to establish an
independent association between Lp(a) levels, which were measured approximately 1

week after the index event and cardiovascular outcomes in patients with ACS.25 Gencer et
al.13 analyzed 1,711 patients with ACS from a multicenter Swiss cohort between 2009 and
2012 and found that high Lp(a) levels at the time of angiography were not predictive of
cardiovascular outcomes at 1 year. Roth et al.14 analyzed 1,245 patients with ACS from the
medical university of Vienna between 2004 and 2012 and found that Lp(a) levels at the time
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Table 3. Multivariate analysis to assess correlates of 3P-MACE at 3 years according to the type of myocardial infarction

Variables NSTEMI STEMI
Hazard ratio P value Hazard ratio P value
(95% CI) (95% CI)

Lipoprotein (a)

<30 mg/dL 1 (Ref) 1 (Ref)

30-49 mg/dL 1.08 (0.74-1.59)  0.681  1.09(0.62-1.92) 0.760

> 50 mg/dL 1.26 (0.89-1.78)  0.187  0.90(0.48-1.70)  0.755
Age 1.04 (1.02-1.05) <0.001  1.03(1.01-1.06) 0.007
Male 1.14 (0.85-1.53) 0.375 0.87 (0.52-1.46)  0.592
Body mass index > 25 kg/m? 0.99(0.73-1.35) 0.953 0.92(0.57-1.47) 0.725
Hypertension 1.10(0.80-1.50)  0.556  1.44(0.91-2.28) 0.123
Diabetes mellitus 0.98 (0.74-1.31) 0.903 1.04 (0.66-1.66) 0.857
Smoking 1.00(0.71-1.42)  0.996  1.76 (1.05-2.94)  0.032
Family history of premature coronary artery disease ~ 0.85 (0.39-1.81)  0.667  0.44(0.11-1.79) 0.251
History of myocardial infarction 1.55(1.08-2.23) 0.017 1.74(0.82-3.69) 0.150
History of heart failure 1.65(0.88-3.11)  0.122  3.67(1.16-11.62) 0.027
History of cerebrovascular disease 1.17 (0.77-1.77)  0.466  1.56(0.79-3.07) 0.201
Systolic blood pressure < 100 mmHg 1.38(0.84-2.27) 0.198 1.01(0.56-1.82) 0.961
Left ventricular ejection fraction < 50 % 1.52(1.14-2.03) 0.004 1.80(1.18-2.75) 0.007
Killip classification > 2 1.16 (1.00-1.35) 0.051  1.30(1.02-1.66) 0.036
Anemia 1.66 (1.20-2.29) 0.002 1.15(0.70-1.90) 0.584
Total cholesterol > 240 mg/dL 0.80(0.30-2.12) 0.646  1.12(0.42-3.01) 0.820
LDL cholesterol

<100 mg/dL 1.41(0.86-2.30) 0.169  1.27(0.74-2.20) 0.385

100-129 mg/dL 1.27 (0.80-2.01) 0.320 0.92 (0.49-1.71) 0.786

>130 mg/dL
eGFR < 60 mL/min/1.73 m? 1.83(1.34-2.51) <0.001  1.57 (0.94-2.65) 0.087
Percutaneous coronary intervention 0.89(0.64-1.23)  0.471  0.87(0.29-2.59)  0.807
High intensity statin 1.09 (0.77-1.54)  0.623  0.77 (0.46-1.30)  0.325

3P-MACE = three-point major adverse cardiovascular events, NSTEMI = non-ST-elevation myocardial infarction,
STEMI = ST-elevation myocardial infarction, CI = confidence interval, LDL = low-density lipoprotein, eGFR =
estimated glomerular filtration rate.

of ACS were not associated with cardiovascular or all-cause mortality during a median follow-
up of 5 years. In contrast, a Chinese cohort study involving 1,008 patients with AMI aged >
80 years between 2012 and 2018 found that baseline Lp(a) concentration was independently
associated with the increased risk of cardiac death at 3 years.15 Most recently, Takahashi et
al.16 analyzed 1,131 Japanese patients with ACS between 2008 and 2017 and found that high
Lp(a) levels are independently associated with increased incidence rates of major adverse
cardiovascular events at a median follow-up of 2.2 years. However, they did not consider
several hemodynamic parameters including systolic blood pressure, Killip classification on
presentation, and left ventricular ejection fraction in the multivariable adjustments.

The associated risk between high Lp(a) levels and myocardial infarction varies markedly
between ethnic groups.l7 Paré et al.17 analyzed 6,085 patients with first-time myocardial
infarction and 6,857 controls from 7 ethnic groups. They reported that Lp(a) concentration
varied markedly among the ethnic groups, observing an especially high population burden
in South Asians and Latin Americans. In addition to the Chinese cohort study,!> a Japanese
cohort study involving 190 consecutive patients with STEMI between 2010 and 2012
demonstrated that baseline Lp(a) levels independently predicted major adverse cardiac
and cerebrovascular events after index events.26 The median Lp(a) level in the present
cohort was 17.1 mg/dL, which is similar to the reported levels in these Asian ACS cohort
studies.15:26 However, European observational studies on Lp(a) levels in patients with ACS
have reported different median Lp(a) levels, including 32 mg/dL in Austrians and 6 mg/dL
in Swiss populations. The index event bias contributes to the neutral association between
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Lp(a) levels and cardiovascular outcomes after ACS events.!4 However, in the present cohort,
patients with high Lp(a) levels were older and more likely to have a history of hypertension
and cerebrovascular disease, low creatinine clearance, and multivessel coronary disease. This
is consistent with results of previous studies that showed an increased prevalence of more
severe disease in patients with elevated levels of Lp(a).14,2728

Lp(a) is an emerging risk factor for development of atherosclerotic cardiovascular disease.
Additionally, recent guidelines recommend the use of Lp(a) to identify patients at high

risk of atherosclerotic cardiovascular disease.5¢ However, these guidelines do not include
Lp(a) as a predictive item for patients with ACS.2930 Although LDL cholesterol has been
known to be one of most important risk factors for the development of atherosclerotic
cardiovascular disease, the prognostic value of baseline LDL cholesterol in patients with
clinical atherosclerotic cardiovascular disease is different from what is expected.18-20 A
previous study involving 9,571 patients with AMI demonstrated that clinical outcomes after
PCI showed worse results as LDL cholesterol levels decreased, however, this cholesterol
paradox was related to confounding by baseline characteristics associated with outcomes.18
Similarly, in the present study, high Lp(a) plasma levels were associated with an increased
incidence of 3P-MACE in univariable analysis, however, high Lp(a) plasma levels were not
independently associated with an increased incidence of 3P-MACE in a Cox time-to-event
multivariable model. In other words, a causal factor for development of atherosclerotic
cardiovascular disease may not be an independent prognostic factor after clinical
atherosclerotic cardiovascular disease events. This may be due to the following: first, the
impact of Lp(a) itself on clinical outcomes after clinical atherosclerotic cardiovascular disease
may not be same to that on the development of the disease. Independent predictive factors
after ACS include the degree of pulmonary edema, blood pressure, and heart rate, which are
considered as markers of the body’s response to the stress.29 Second, baseline Lp(a) levels in
patients with AMI may be related with other health status. A previous long-term prospective
study involving 5,941 Japanese-Americans suggested that a decline in serum total cholesterol
levels occurs before the diagnosis of diseases, including malignancy and chronic liver
disease.3! Furthermore, several cohort studies have suggested that low cholesterol levels were
associated with a decline in functional performance or increased frailty.32,33

The present study has several limitations. First, it was performed using a single-center
cohort; thus, the results need to be externally validated. However, our center is the largest
center dealing with patients with AMI in Korea, and the median value of Lp(a) in our
cohort was consistent with those of Japanese and Chinese ACS cohorts, as discussed above.
Furthermore, a single-center cohort may have more homogeneity in residual confounders
that affect clinical outcomes, such as hospital resources and procedural techniques than

a multicenter cohort. Second, follow-up Lp(a) levels were not included in this study as
increased serum Lp(a) levels are typically observed during the early phase of AMI.34 Third,
the use of a cutoff value of > 50 mg/dL for high Lp(a) levels might have been arbitrary;
however, it is the recommended value used in recent guidelines to identify patients at risk of
high atherosclerotic cardiovascular disease events.>

In conclusion, baseline Lp(a) levels in Korean patients with AMI were not independently

associated with increased major cardiovascular events at 3 years. Further studies are
warranted to validate these results.
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