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were assessed.

cardiac mortality differed based on LVEF.

Background and aims Lipoprotein (a) [Lp(a)] is a genetically regulated lipoprotein particle that is an independent
risk factor for coronary atherosclerotic heart disease. However, the correlation between Lp(a) and left ventricular ejec-
tion fraction (LVEF) in patients with myocardial infarction (MI) has been poorly studied. The present study investigated
the correlation between Lp(a) and LVEF, as well as the impact of Lp(a) on long-term mortality in patients with MI.

Methods Patients who underwent coronary angiography resulting in Ml diagnosis between May 2018 and March
2020 at the First Affiliated Hospital of Anhui Medical University were included in this study. The patients were divided
into groups based on the Lp(a) concentration and LVEF (reduced ejection fraction group: < 50%; normal ejection
fraction group: >50%). Then, correlations between the Lp(a) level and LVEF, as well as the impact of Lp(a) on mortality,

Results This study included 436 patients with MI. The Lp(a) level and LVEF were significantly and negatively cor-
related (r=-0.407, 3=-0.349, P<0.001). The area under the receiver operating characteristic curve (ROC) indicated
that an Lp(a) concentration >455 mg/L was the best predictive value for reduced ejection fraction (AUC: 0.7694,
P<0.0001). The clinical endpoints did not differ based on the Lp(a) concentration. However, all-cause mortality and

Conclusions These results suggest that an elevated Lp(a) concentration predicts reduced ejection fraction and that
LVEF predicts all-cause mortality and cardiac mortality in patients with MI.

Keywords Myocardial infarction, Lipoprotein (a), Left ventricular ejection fraction

Introduction

Coronary atherosclerotic heart disease and its compli-
cations are one of the leading causes of mortality and
disability in the global population [1, 2]. Myocardial
infarction (MI) is one of the most severe types, mani-
fested by a dramatic reduction in coronary blood flow
and a severe imbalance between oxygen supply and
demand, which often requires myocardial reperfusion
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therapy (including thrombolytic therapy, percutaneous
coronary intervention (PCI) and coronary artery bypass
graft (CABG)) to restore myocardial perfusion. How-
ever, the processes of ischemia and reperfusion may lead
to myocardial cell damage or necrosis, affecting cardiac
pumping and the development of heart failure, which
imposes a serious burden on society and individuals [3,
4]. It is well known that hyperlipidemia is an independ-
ent risk factor for coronary atherosclerosis [5, 6]. It
aggravates the complexity and severity of coronary artery
lesions and affects the long-term prognosis of patients.
Lp(a) is a separate lipoprotein species that is mainly regu-
lated by genetic genes. Lp(a) is composed of cholesterol-
rich low-density lipoproteins [1]. The concentration of
Lp(a) in plasma is mainly determined by the LPA gene
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[7]. In the last decade, data from epidemiological studies
and meta-analyses [8], Mendelian randomization stud-
ies [9] and genome-wide association studies [10, 11] have
ultimately demonstrated that elevated Lp(a) levels lead to
a higher risk of cardiovascular disease in the population,
mainly including but not limited to myocardial infarc-
tion, stroke, and peripheral arterial disease [12]. The
higher the concentration of Lp(a) is, the more severe the
degree of coronary artery lesions (assessed by the SYN-
TAX score or Gensini score) [1, 13, 14]. Most recently,
the EAS/ESC guidelines recommended that all individu-
als should have Lp(a) measured at least once [15]. How-
ever, the prognostic impact of Lp(a) is still controversial
[13, 16, 17].

Thus, this study investigated the correlation between
the Lp(a) level and LVEF and the impact of Lp(a) on
long-term mortality in patients with MI to clarify this
relationship.

Patients and methods

Study population: This was a single-center, observational
cohort study. MI, including non-ST-segment elevation
myocardial infarction (NSTEMI) and ST-elevation myo-
cardial infarction (STEMI), was defined as chest pain
with new ST-segment changes and elevation of myocar-
dial necrosis markers to at least twice the upper limit of
the normal range. Inclusion criteria: A total of 472 con-
secutive patients who underwent coronary angiogra-
phy and were diagnosed with MI at the Department of
Cardiovascular, First Affiliated Hospital of Anhui Medi-
cal University between May 2018 and March 2020. Of
the 472 patients, 36 patients were excluded according to
the exclusion criteria, which were (1) incomplete clinical
data (n=13), (2) previous coronary artery bypass grafting
(CABG) (n=5), (3) malignancies (n=7), and (4) loss to
follow-up (n=11). Finally, 436 patients were included in
this analysis.

The institutional ethics committee of The First Affili-
ated Hospital of Anhui Medical University approved this
study, which complied with the Declaration of Helsinki.
All patients provided written informed consent to partic-
ipate, and all information related to the patients’ identi-
ties was concealed.

Definition of risk factors

The choice of variables mainly includes risk factors for
coronary heart disease, prognostic indicators of myo-
cardial infarction, details on myocardial infarction,
and treatment of myocardial infarction. Body mass
index (BMI) was calculated as follows: BMI=weight
(kg)/height? (m?). Pulse pressure was calculated as fol-
lows: Pulse pressure (mmHg)=systolic blood pressure
(mmHg)—diastolic blood pressure (mmHg). Hypertension
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was diagnosed based on either of the following crite-
ria: (1) ongoing antihypertensive therapy and (2) three
blood pressure measurements at rest with a systolic
blood pressure>140 mmHg or diastolic blood pressure
(DBP) >90 mmHg. Diabetes mellitus (DM) was diagnosed
based on any of the following criteria: (1) a definite diag-
nosis by a physician, (2) current long-term use of diabe-
tes-related medications, and (3) a fasting blood glucose
level of >7.0 mmol/L, a 2 h postprandial blood glucose
level of>11.1 mmol/L, or a random blood glucose level
of >11.1 mmol/L by oral glucose tolerance test. A history
of stroke, percutaneous coronary intervention (PCI), and
MI were derived from information provided by the patient
and then confirmed by relevant laboratory tests. The neu-
trophil-to-lymphocyte ratio (NLR) was calculated as fol-
lows: NLR = neutrophil (*10°/L)/lymphocyte (*10°/L).

Data collection

Venous blood was collected after the second day of hos-
pitalization (fasting>8 h). Routine blood tests, triglycer-
ides (TG), total cholesterol (TC), low-density lipoprotein
cholesterol (LDLC), high-density lipoprotein choles-
terol (HDL-C), very low-density lipoprotein cholesterol
(VLDL-C), apolipoprotein A-I (ApoA-I), apolipopro-
tein B (ApoB), Lp(a), glomerular filtration rate (eGFR),
uric acid, and fasting blood glucose (FBG) levels were
measured by standard laboratory methods. The concen-
trations of plasma TG, TC, LDL-C, HDL-C, VLDL-C,
ApoA-I, ApoB and Lp(a) were measured using an auto-
matic biochemistry analyzer (Hitachi 7150, Tokyo, Japan)
and assayed by an immunoturbidimetry method accord-
ing to the manufacturer’s instructions. The left ventricu-
lar ejection fraction (LVEF) was calculated using the
Simpson method. The Simpson method is not limited by
a fixed geometric pattern and is suitable for patients with
coronary artery disease with ventricular wall segmental
motion, but the measurement and calculation methods
are complex and usually processed by computer analy-
sis. The number of cross-sections should be increased as
much as possible when the left ventricular morphology
changes, and accurate results can be obtained by com-
puter processing or by 3D ultrasound. Vital signs, past
medical history, smoking, drinking, laboratory tests, and
electrocardiogram data, among others, were extracted
from the electronic medical record management sys-
tem of the First Affiliated Hospital of Anhui Medical
University.

Clinical endpoint events
Professional staff followed up with the patients through
clinical visits or telephone contact. All patients were
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followed up until March 16, 2023, with a median fol-
low-up time of 48 (IQR: 45, 53) months. The clinical
endpoint events included all-cause mortality and car-
diac mortality. All-cause mortality was defined as death
attributable to cardiac or noncardiac causes. Cardiac
mortality was defined as death due to MI, heart failure,
sudden cardiac death, or cardiac surgery.

Statistical analyses

SPSS 26.0.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 9.0.2 (GraphPad Software, San Diego,
CA, USA) were used for the statistical analyses and to
create graphs, respectively. Method to test whether
data obey normal distribution: normality test (Kol-
mogorov—Smirnov test. Continuous variables were
reported as the means + standard deviations or medi-
ans (interquartile ranges) depending on the normal
distribution test. An analysis of variance was used to
assess between-group differences for normally distrib-
uted continuous variables, and the Kruskal-Wallis H
test was used for nonnormally distributed continuous
variables. Categorical variables were reported as num-
bers (percentages); the chi-squared or Fisher’s exact
tests were used to assess between-group differences.
Spearman’s correlation coefficient was used to evalu-
ate correlations between each independent variable and
the LVEF. A plot of the correlation between the Lp(a)
concentration and the LVEF was created, and variables
with a P value of<0.1 were included in the multivariate
linear regression analysis.

The patients were divided into two groups (reduced
ejection fraction group; normal ejection fraction group)
based on an LVEF cutoff value of 50%. Significant inde-
pendent variables for predicting the normal ejection
fraction group (P<0.1) were identified by univariate
logistic regression analysis; significant factors were
included in the multivariate logistic regression analysis
using the stepwise forward method. Receiver operating
characteristic (ROC) curves were generated to analyze
the best predictive value of Lp(a) for predicting normal
ejection fraction, which included sensitivity and speci-
ficity calculations.

Clinical endpoint event predictions based on differ-
ent independent variables were investigated by uni-
variate Cox regression analysis; independent variables
with a P value of <0.1 were included in the multivari-
ate Cox regression analysis. Finally, ROC curves were
used to assess the reliability of Lp(a) and LVEF for
predicting mortality, and Kaplan—Maier curves were
used to illustrate the risk of mortality in the reduced
and normal EF groups.
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Results

Baseline clinical characteristics

This study included 436 patients; the median age was
65 years, 323 patients (71.4%) were male, and the median
follow-up time was 48 months. Table 1 presents the study
population’s baseline clinical characteristics.

The patients were divided into three groups based on
the ladder Lp(a) concentration. Lipid levels, such as TG,
TC, LDL-C, HDL-C, VLDL-C, ApoA-I, and ApoB, did
not differ among the groups. Uric acid significantly dif-
fered only between Tertile 1 and Tertile 2. Age, heart
rate, LVEF, hemoglobin, eGFR, uric acid, and FBG signifi-
cantly differed only between Tertile 1 and Tertile 3. Age,
current alcohol consumption, LVEF, and eGFR signifi-
cantly differed only between Tertile 2 and Tertile 3. The
remaining indicators, such as hospitalization time, sex,
BMI, pulse pressure, current smoking status, hyperten-
sion, DM, previous stroke, previous PCI, previous MI,
NLR, monocytes, and platelets, did not differ among the
groups. Details about MI (STEMI, NSTEMI, number of
occluded arteries) did not differ among the groups. For
the treatment of myocardial infarction, PCI or CABG,
antiplatelet agents, ACEIs/ARBs, CCBs, and statins also
did not differ between groups. However, beta-blockers
were significantly different between Tertile 1 and Tertile
2. Diuretics differed significantly between Tertile 1 and
Tertile 3 and between Tertile 2 and Tertile 3.

Lp(a) levels and LVEF

Figure 1 presents a scatter diagram of the Lp(a) concen-
trations and LVEF; the correlation was significantly and
negatively correlated (r=-0.407, P<0.001). The uni-
variate linear regression showed that age, heart rate,
pulse pressure, DM, previous stroke, NLR, monocytes,
hemoglobin, ApoA-I, eGFR, uric acid, FBG and Lp(a)
levels were significantly and independently associated
with LVEF (all P<0.05). These variables were included
in the multivariate linear regression analysis, and age,
heart rate, pulse pressure, eGFR, FBG and Lp(a) levels
remained significantly and independently associated with
LVEF (all P<0.05). Furthermore, Lp(a) remained signifi-
cantly and negatively associated with LVEF (standardized
coefficient p=-0.349, P<0.001; Table 2).

Univariate logistic regression was used to analyze the
predictive value of each independent variable for nor-
mal LVEF (LVEF >50%). Hospitalization time, age, male
sex, heart rate, DM, hemoglobin, ApoA-I, eGFR, uric
acid, FBG and Lp(a) levels were significantly and inde-
pendently associated with the normal LVEF group (all
P<0.05). Therefore, these variables were included in a
multivariate logistic regression analysis, and ApoA-I
(odds ratio [OR]: 6.189; 95% confidence interval [CI]:
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Table 1 Baseline characteristics of patients by tertiles of lipoprotein (a)
Variables Lp(a)(mg/L) P Value

Tertile 1 Tertile 2 Tertile 3 Total

(n=145)(49-201) (n=146)(202-338) (n=145)(342-1200) (n=436)(49-1200)
Hospitalization time (days) 11(8-14) 10 (7-14) 11(8-15) 11(8-14) 0.343
Age (years) 62 (52-72) 64 (54-74) 68 (60-76) 65 (54-74) <0.001
Male 108 (74.5%) 113 (77.4%) 102 (70.3%) 323 (74.1%) 0.386
BMI (kg/mz) 2436+3.36 24.21+3.60 24124346 2423+347 0.838
Heart rate (beat/min) 72 (65—82) 76 (68-86) 78 (70-89) 76 (68-86) 0.005
Pulse pressure (mmHg) 2 (45-60) 49 (40-58) 0 (40-60) 50 (41-59) 0.078
Current smoker 3 (36.6%) 4 (37.0%) 40 (27.6%) 147 (33.7%) 0.161
Current drinker (24 1%) (31 .5%) 6 (17.9%) 107 (24.5%) 0.027
Hypertension 73 (50.3%) 5(51.4%) 81 (55.9%) 229 (52.5%) 0.606
Diabetes mellitus 28 (19.3%) 6 (11.0%) 8 (19.3%) 72 (16.5%) 0.086
Previous stroke 12 (8.3%) 7 (11.6%) 22 (15.2%) 51 (11.7%) 0.188
Previous PCI 5 (3.4%) (4.8%) 8(5.5%) 20 (4.6%) 0.694
Previous Ml 2 (1.4%) 4(2.7%) 7 (4.8%) 13 (3.0%) 0.215
LVEF (%) 59 (55-62) 58 (54-60) 54 (49-57) 57 (53-59) <0.001
NLR 3.99 (2.46-6.46) 442 (2.76-7.54) 4.19 (2.82-747) 4.20 (2.69-7.09) 0.218
Monocyte (*1 0°/L) 0.49 (0.36-0.68) 046 (0.36-0.67) 0.48 (0.36-0.60) 0.48 (0.36-0.64) 0.813
Hemoglobin (g/L) 137 +21 134+20 130+20 134+21 0.022
Platelet (*10°/L) 205 (162-236) 198 (157-244) 192 (W 59-240) 200 (161-239) 0.868
TG (mmol/L) 1.37(1.05-1.99) 143 (1.06-1.94) 2(0.98-1.65) 1.37 (1.02-1.86) 0.086
TC (mmol/L) 3.98(3.41-4.72) 4.29 (3.68-4.97) 403 (3 38-4. 74) 4,08 (3.46-4.88) 0.202
LDL-C (mmol/L) 242 (1.96-3.00) 265(2.18-3.11) 2.50(1.99-3.07) 2.53(2.01-3.09) 0.210
HDL-C (mmol/L) 1.01 (O 84-1.19) 1.03 (0.86-1.15) 03 (0.89-1.18) 1.02 (0.86-1.18) 0.953
VLDL-C (mmol/L) 1(0.38-0.70) 0.53 (0.40-0.69) 0.48 (0.36-0. 61) 0.51(0.37-0.66) 0.088
ApoA-I (g/L) 1.07 (0.94-1.22) 1.09 (0.91-1.20) 06 (0.94-1.22) 1.07 (0.92-1.21) 0.889
ApoB (g/L) 0.79 (0.69-0.91) 0.82 (O 70-0.98) 0.76 (0.68-0. 98) 0.79 (0.69-0.96) 0.367
Lp(a) (mg/L) 149 (120-178) 264 (235-293) 480 (412-612) 264 (178-412) <0.001
eGFR (ml/(min*1.73m?)) 100 (90-113) 97 (86-109) 89 (73-104) 96 (82-109) <0.001
Uric acid (umol/L) 340 (280-393) 366 (313-423) 403 (320-459) 366 (305-432) <0.001
FBG (mmol/L) 5.83(5.23-6.93) 6.05 (5.31-7.14) 6.50 (5.45-7.89) 6.08 (5.31-7.34) 0.007
NSTEMI 72 (49.7%) 77 (52.7%) 71 (49.0%) 220 (50.5%) 0.790
STEMI 73 (50.3%) 69 (47.3%) 74 (51.0%) 216 (49.5%)
Number of occluded arteries 102 (70.3%) 100 (68.5%) 93 (64.1%) 295 (67.7%) 0.510
PCI/CABG 112 (77.2%) 104 (71.2%) 96 (66.2%) 312 (71.6%) 0.114
Antiplatelet agent 139 (95.9%) 127 (87.0%) 132 (91.0%) 398 (91.3%) 0.133
ACEI/ARB 73 (50.3%) 62 (42.5%) 56 (38.6%) 191 (43.8%) 0.302
Beta-blocker 75 (51.7%) 88 (60.3%) 83 (57.2%) 246 (56.4%) 0.046
CCB 16 (11.0%) 19 (13.0%) 9(13.1%) 54 (12.4%) 0.675
Diuretic 7 (11.7%) 18 (12.3%) 37 (25.5%) 72 (16.5%) 0.001
Statins 137 (94.5%) 129 (88.4%) 127 (87.6%) 393 (90.1%) 0.374

Values are expressed as the mean + standard deviation or median (interquartile range), n (%). P values were calculated using ANOVA, Kruskal-Wallis test, chi-square

test or Fisher’s test. P <0.05 indicated statistical significance

1.169-32.763; P=0.032), Lp(a) level (OR: 0.996; 95%
CL 0.994-0.997; P<0.001), eGFR (OR: 1.053; 95% CI:
1.035-1.071; P<0.001), and FBG (OR: 0.825, 95% CI:

0.730-0.933, P=0.002) remained significantly associ-
ated with the normal LVEF group (Table 3). Based on the
ROC curve, an Lp(a) concentration of 455 mg/L had the
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Fig. 1 Scatter diagram showing the correlation between Lp(a) levels
and LVEF. Lp(a) and LVEF had a strong and significant correlation
(r=-0407,P<0.001)

best predictive value for reduced LVEF (area under the
curve (AUC): 0.7694; 95% CI: 0.6925-0.8463; sensitivity:
64.2%; specificity: 84.6%; P <0.0001; Fig. 2).

The Lp(a) level, LVEF, and clinical endpoint events

The incidences of all-cause mortality and cardiac mortal-
ity were counted based on the Lp(a) subgroups (Table 4).
Overall, 30 of 436 patients (6.9%) experienced all-cause
mortality, and 26 of 436 patients (6.0%) had cardiac mor-
tality. The incidence of all-cause mortality significantly
differed between Tertile 1 and Tertile 2 and between Ter-
tile 1 and Tertile 3.

Table 5 presents the univariate Cox regression analy-
sis results of the independent variables as predictors for
clinical endpoint events. The following significant and
independent associations were identified (all P<0.05):
1) hospitalization time, age, pulse pressure, DM, LVEF,
NLR, monocyte, hemoglobin, ApoB, Lp(a), eGFR, uric
acid, FBG with all-cause mortality; 2) hospitalization
time, age, pulse pressure, LVEF, NLR, monocyte, hemo-
globin, TG, ApoB, Lp(a), eGFR, uric acid, FBG with car-
diac mortality.

The multivariate COX regression analysis using
the stepwise forward method identified the following

Table 2 Multivariate linear regression analysis of LVEF
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significant associations (all P<0.05; Table 6): 1) hospitali-
zation time, pulse pressure, LVEF, NLR, eGFR with all-
cause mortality; 2) hospitalization time, pulse pressure,
LVEF, NLR, eGFR with cardiac mortality. There was no
association between the Lp(a) level and all-cause mortal-
ity and cardiac mortality (P=0.133; P=0.158). The best
predictive Lp(a) for all-cause mortality (additional file 1.
A) and cardiac mortality (additional file 1. B) by ROC
curve analysis was 274.5 mg/L (accuracy: 0.6660, 95% CI:
0.5696-0.7623, sensitivity: 80.0%, and specificity: 55.7%,
P=0.0024, additional file 1. A; accuracy: 0.6499, 95% CI:
0.5423-0.7574, sensitivity: 76.9%, and specificity: 55.1%,
P=0.0103, additional file 1.B).

The best predictive LVEF for all-cause mortality and
cardiac mortality by ROC curve analysis was 55.5%
(accuracy: 0.7129, 95% CI: 0.6131-0.8127, sensitivity:
64.0%, and specificity: 73.3%, P<0.0001, Fig. 3A; accu-
racy: 0.7058, 95% CI: 0.5960-0.8157, sensitivity: 63.7%,
and specificity: 73.1%, P=0.0004, Fig. 3B). The Kaplan—
Meier analysis based on event-free survival indicated that
the incidence of all-cause mortality and cardiac mortality
decreased as LVEF increased (log-rank test; P=0.0012,
P=0.0018; Fig. 4).

Discussion

To our knowledge, this is a study to examine the correla-
tion between the Lp(a) level and the LVEEF, as well as the
effect of both factors on mortality in patients with ML
We identified a significant negative correlation between
the Lp(a) level and LVEF in patients with MI in China.
Furthermore, Lp(a) levels>455 mg/L could predict a
reduced ejection fraction. However, the Lp(a) level did
not affect mortality. In contrast, LVEF affected the inci-
dence of all-cause mortality and cardiac mortality. Spe-
cifically, LVEF >55.5% was the best predictive factor for
all-cause mortality and cardiac mortality.

The Lp(a) particle is spherical in shape and 23.5-
26.0 nm in diameter. Lp(a) is genetically regulated,
mainly synthesized in the liver, and consists of lipids and
proteins, with the lipid fraction being hydrophobic in the
core and the periphery encapsulated in a protein complex
composed of ApoB-100 and ApoA. Lp(a) concentrations

Variables Unstandardized Standardized t Pvalue F VIF
coefficients(B) coefficients(B)

Age -0.131 -0.244 -5422 <0.001 62.894 1.632
Heart rate -0.048 -0.123 -3.375 0.001 1.071
Pulse pressure 0.033 0.077 2138 0.003 1.040
Lp(a) -0.012 -0.349 -9.504 <0.001 1.089
eGFR 0.045 0.150 3.260 0.001 1.702
FBG -0.721 -0.248 -6.850 <0.001 1.059
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Table 3 Univariate and multivariate logistic regression analysis of normal LVEF

Variables Univariate logistic regression analysis Multivariate logistic regression analysis
OR 95% Cl P value OR 95% Cl P value

Hospitalization time (days) 0.929 0.881-0.979 0.006 # # 0.149
Age (years) 0.929 0.903-0.956 <0.001 # # 0.145
Male 1.890 1.035-3.452 0.038 # # 0.281
BMI (kg/mz) 1.028 0.945-1.118 0519

Heart rate (beat/min) 0.974 0.959-0.990 0.001 # # 0.254
Pulse pressure (mmHg) 1.009 0.989-1.029 0.391

Current smoker 1.656 0.856-3.204 0.134

Current drinker 1458 0.706-3.013 0.308

Hypertension 0.695 0.387-1.249 0.224

Diabetes mellitus 0443 0.229-0.858 0.016 # # 0.883
Previous stroke 0.602 0.275-1.321 0.206

Previous PCl 0.391 0.136-1.125 0.082 # # 0.128
Previous M| 0447 0.119-1.679 0.233

NLR 0.970 0.917-1.026 0.289

Monocyte (*10°/L) 0.624 0.204-1.910 0.409

Hemoglobin (g/L) 1.034 1.019-1.049 <0.001 # # 0.165
Platelet (*10%/L) 1.000 0.996-1.004 0.852

TG (mmol/L) 1.263 0.820-1.944 0.289

TC (mmol/L) 1.074 0.820-1.408 0.604

LDL-C (mmol/L) 0.994 0.722-1.370 0.973

HDL-C (mmol/L) 2.753 0.813-9.324 0.104

VLDL-C (mmol/L) 1.830 0.448-7474 0400

ApoA-I (g/L) 4.694 1.147-19.205 0.031 6.189 1.169-32.763 0.032
ApoB (g/L) 0.624 0.201-1.931 0413

Lp(a) (mg/L) 0.995 0.993-0.996 <0.001 0.996 0.994-0.997 <0.001
eGFR (ml/(min*1.73m?)) 1.059 1.042-1.075 <0.001 1.053 1.035-1.071 <0.001
Uric acid (umol/L) 0.994 0.992-0.997 <0.001 # # 0.212
FBG (mmol/L) 0.784 0.705-0.871 <0.001 0.825 0.730-0.933 0.002

Values are presented with odds ratios and 95% confidence intervals. P < 0.05 indicated statistical significance

vary greatly between individuals and races but remain
stable throughout the individual’s lifetime, with minimal
effects of gender, diet and environment. Lp(a) concentra-
tions remain stable throughout life, with minimal effects
of sex, diet and environment on Lp(a) [1]. Pathological
mechanism of Lp(a) causing atherosclerosis (AS): 1, inhi-
bition of fibrinolytic system: ApoA and fibrinogen have
high structural homology with each other, Lp(a) com-
petes with fibrinogen for fibrin binding sites and prevents
the production of fibrin; Lp(a) prevents tissue fibrino-
lytic zymogen activator from binding to fibrin, making
fibrinolytic zymogen unable to be activator of fibrinogen
is activated into fibrinolytic enzyme; 2, promote the for-
mation of foam cells: vascular endothelial cells are the
main target cells of AS, Lp(a) can disrupt receptor-medi-
ated endothelial diastolic function, leading to endothe-
lial dysfunction; Lp(a) may be taken up by macrophages
through receptor pathway and nonreceptor pathway,

resulting in intracellular cholesterol accumulation into
foam cells; Lp(a) can make platelets protein kinase-e sub-
strate phosphorylation, increase platelet protein kinase-e
activity, activate platelets and promote the formation of
AS plaques; Lp(a) inhibits transforming growth factor-p1
and stimulates smooth muscle cell proliferation [1, 18].
Therefore, Lp(a) promotes atherosclerosis and thrombo-
sis, which affects the hemodynamics of coronary arteries,
decreases the blood supply to cells, and may lead to cell
degeneration or even death in severe cases, which in turn
leads to deterioration of cardiac function.

The Lp(a) concentration in the elderly group of patients
with MI included in this study was greater than that in
the younger age group, and we believe that because Lp(a)
itself or its action by some related enzymes forms some
small fragments that are then excreted by the kidneys,
the poorer renal function of the elderly leads to elevated

Lp(a) [1].
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Fig. 2 ROC curve analysis of Lp(a) for reduced LVEF. The Lp(a) cutoff
value of 455 mg/L on admission predicts a reduced LVEF in patients,

with a sensitivity of 64.2% and a specificity of 84.6%. The AUC was
0.7694 (95% C1 0.6925 to 0.8463; P<0.0001)

Aksoy, Mdeng et al. confirmed that high
lipoprotein(a) levels may prolong occlusion of the cul-
prit vessel and lead to greater myocardial necrosis and
lower LVEF [19]. However, they did not further inves-
tigate Lp(a) for adverse prognostic events such as all-
cause mortality and cardiac mortality. This study also
confirmed that Lp(a) was associated with reduced LVEF
in patients with MI, and after adjusting for confound-
ers, there was still a moderately strong and independent
association. We suggest two explanations for this: first,
through proatherogenic and prothrombotic effects,
elevated Lp(a) may lead to coronary thrombosis, which
in turn impairs cardiac perfusion. This suggests that the
relationship between Lp(a) and reduced ejection frac-
tion is partially explained by reduced myocardial per-
fusion. Second, there is growing evidence that Lp(a) is
an independent risk factor for aortic stenosis. Nota-
bly, aortic stenosis leads to a chronic elevation of left
ventricular afterload, which is associated with cardiac
necrosis and fibrosis, which in turn leads to a reduction
in ejection fraction. This suggests that the relationship
between Lp(a) and reduced ejection fraction is partly
explained by aortic stenosis [20—22].

Table 4 Mortality during follow-up
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Multifactorial COX regression analysis suggested that
Lp(a) was not a predictor of mortality, and we believe the
reasons for this are the following: 1, Studies have found
drugs and methods to reduce Lp(a) concentrations,
including niacin, neomycin, lipoprotein apheresis, and
antisense therapy targeting apolipoprotein(a) [23], but
these methods were not routinely used for elevated Lp(a)
in this study. In patients with dyslipidemia or unstable
plaque, we routinely administered statins. While this
decreases the incidence of adverse events, some cases
have reported that statins may increase serum concen-
trations of Lp(a) [24]. Furthermore, this study lacks long-
term Lp(a) concentration data since the patients were
not assessed after discharge. This may affect the impact
of Lp(a) on mortality. 2, Although the prognostic impact
of Lp(a) on the Chinese population has not been deter-
mined, studies in other populations, such as white Euro-
pean patients [25], multicenter studies of patients in the
United States and Canada [26], and Japanese patients
[27], have reported adverse prognostic effects of Lp(a).
Furthermore, an observational study of 460,506 partici-
pants (median follow-up: 11.2 years) reported significant
differences in Lp(a) concentrations between races and
populations (e.g., whites, South Asians, blacks, and Chi-
nese) with differential effects of Lp(a) on cardiovascular
disease [28]. Therefore, we speculate that our result could
also be due to differences in the concentration and effects
of Lp(a) among populations and races. 3, The American
Heart Association published a statement recommend-
ing that Lp(a) be measured using an isomer-insensitive
method in units of nmol/L. We measured Lp(a) in mg/L,
which may have overestimated or underestimated the
actual Lp(a) concentration. Therefore, our results might
be related to the Lp(a) measurement method. One study
used ApoA-independent measures to obtain Lp(a) con-
centrations, reporting that the Lp(a) level was a useful
predictor of coronary heart disease [29].

A widely known fact is that a decrease in LVEF follow-
ing a MI is a powerful indicator of poor prognosis [30].
In this study, multivariate Cox regression analysis sug-
gested an independent and significant effect of LVEF on
all-cause death and cardiogenic death. Normal ranges
for LVEF as per the American Society of Echocardiog-
raphy and the European Association of Cardiovascular

Variables Lp(a) P Value
Tertile 1 Tertile 2 Tertile 3 Total

All-Cause Mortality,n (%) 3(2.1%) 13 (8.9%) 14 (9.7%) 30 (6.9%) 0.019

Cardiac Mortality,n (%) 3(2.1%) 11 (7.5%) 12 (8.3%) 26 (6.0%) 0.051

Values are expressed as n (%). P values were calculated using the chi-square test or Fisher’s test. P<0.05 indicated statistical significance
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Table 5 Univariate Cox regression analysis of all-cause mortality and cardiac mortality
Variables All-Cause Mortality Cardiac Death

OR(95%Cl) Pvalue OR(95%Cl) P value
Hospitalization time 0.719 (0.649-0. 797) <0.001 0.672 (0.596-0. 757) <0.001
Age 1.054 (1.021- 9) 0.001 1.057 (1.021-1.094) 0.002
Male 0.533(0.257-1.106) 0.091 0484 (0.222-1.054) 0.068
BMI 0.939 (0.844-1 4) 0.243 0.948 (0.846-1.062) 0.357
Heart rate 1.009 (0.989-1.030) 0.361 4(0.994-1.035) 0.182
Pulse pressure 0.939 (0.916-0. 963) <0.001 0.933 (0.909-0.957) <0.001
Current smoker 1.004 (0.470-2.144) 0.993 0.890 (0.387-2.046) 0.783
Current drinker 0.776 (0.317-1.898) 0.578 0.735 (0.277-1.948) 0.535
Hypertension 1.353 (0.652-2. 809) 0417 1438 (0.653-3. 170) 0.367
Diabetes mellitus 2218 (1.015-4.845) 0.046 2.291 (0.996-5.271) 0.051
Previous stroke 1423 (0.545-3.721) 0471 0.937(0.281-3.123) 0916
Previous PCI 0.747 (0.101-5.498) 0.774 0.046 (0.000-178.419) 0.466
Previous MI 1.207 (0.164-8.874) 0.854 0.048 (0.000-1464.702) 0.564
LVEF 0.922 (0.886-0.959) <0.001 0.921 (0.884-0.961) <0.001
NLR 1.126 (1.074-1.180) <0.001 1.124 (1.068-1.182) <0.001
Monocyte 9 (2.755-26. 347) <0.001 10423 (3.190-34.053) <0.001
Hemoglobin 0.972 (0.955-0. 988) 0.001 0.968 (0.950-0.985) <0.001
Platelet 0.994 (0.988-1.000) 0.059 0.995 (0.988-1.001) 0.113
TG 0.596 (0.320-1.111) 0.103 0.475 (0.228-0.989) 0.047
TC 1.034 (0.744- 8) 0.841 0.928 (O 644-1.337) 0.689
LDL-C 1.087 (0.735-1.608) 0.676 0.954 (0.6 479) 0.834
HDL-C 1.621 (0.430-6.1 1) 0476 1.139 (0.258- 5030) 0.863
VLDL-C 0.198 (0.028-1.386) 0.103 0.231 (0.029-1.824) 0.164
ApoA-| 0479 (0.083-2. 770) 0411 0.676 (0.106—4. 308) 0.678
ApoB 4.760 (1.590-14.247) 0.005 4.256 (1.263-14.336) 0.019
Lp(a) 1.002 (1.001-1.004) 0.005 1.002 (1.001-1.004) 0.009
eGFR 0.960 (0.946-0.975) <0.001 0.959 (0.944-0.975) <0.001
Uric acid 1.004 (1.000-1.007) 0.027 1.004 (1.001-1.007) 0.024
FBG 1.218 (1.102-1.346) <0.001 1.243 (1.123-1 375) <0.001

Values are presented with odds ratios and 95% confidence intervals. P<0.05 indicated statistical significance

Imaging are: LVEF (%) among the male population:
52% to 72% normal range. LVEF (%) among the female
population:54% to 74% normal range. The best predic-
tive value given by the ROC curve in this study regarding
LVEF to predict all-cause mortality and cardiac mortal-
ity was 55.5%, which is close to and above the lower limit
of normal ejection fraction for both male and female
populations.

Current therapies to decrease Lp(a) include niacin,
neomycin, Lp(a) monolectomy and antisense therapy tar-
geting apolipoprotein(a). However, no benefit in reducing
the risk of cardiovascular disease was observed when nia-
cin was added to statins, and in addition, severe adverse
reactions were observed [31]. Neomycin is an aminogly-
coside broad-spectrum antibiotic that works well against

gram-negative and gram-positive bacteria and Mycobac-
terium tuberculosis. Neomycin side effects are mainly
gastrointestinal reactions, including loss of appetite and
nausea. In addition, comparable to similar antibiotics, it
has nephrotoxicity and inner ear toxicity, and it causes
damage to the inner ear, often irreversibly. Therefore,
in routine clinical practice, neomycin is used more for
anti-infection than for lowering Lp(a). Lipid apheresis
is a nonsurgical therapy that removes high LDL-C and
Lp(a) from the blood. Lipid apheresis is a two- to three-
hour procedure where a person is connected to a special
machine that filters their blood. The plasma portion of
the blood, which contains cholesterol, is separated and
run through the machine to remove LDL and Lp(a) before
the blood is returned to the body. While encouragingly,
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Table 6 Multivariate Cox regression analysis of mortality
Variables All-Cause Mortality Cardiac Death

OR(95%Cl) P value OR(95%(Cl) Pvalue
Hospitalization time 0.760 (0.697-0.829) <0.001 0.728 (0.659-0.805) <0.001
Age # 0.993 # 0.863
Male # 0477 # 0408
Pulse pressure 0.935 (0.907-0.964) <0.001 0.924 (0.893-0.956) <0.001
Diabetes mellitus # 0.790 # 0.682
LVEF 0.902 (0.848-0.959) 0.001 0.893 (0.834-0.956) 0.001
NLR 1.108 (1.049-1.172) <0.001 1.115 (1.048-1.186) 0.001
Monocyte # 0.512 # 0.615
Hemoglobin # 0.335 # 0.239
Platelet # 0.930 0.699
TG # 0.378 # 0.175
ApoB # 0.993 # 0.687
Lp(a) # 0.133 # 0.158
eGFR 0.977 (0.960-0.993) 0.006 0.977 (0.959-0.996) 0.016
Uric acid # 0.279 # 0.301
FBG # 0.634 # 0.790

Values are presented with odds ratios and 95% confidence intervals. P < 0.05 indicated statistical significance
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Fig. 3 ROC curve analysis of LVEF for mortality. An LVEF cutoff value of 55.5% on admission predicted all-cause mortality (Fig. 3. A) and cardiac
mortality (Fig. 3. B) in patients (accuracy: 0.7129, 95% Cl: 0.6131-0.8127, sensitivity: 64.0%, and specificity: 73.3%, P<0.0001, Fig. 3. A; accuracy:
0.7058, 95% Cl: 0.5960-0.8157, sensitivity: 63.7%, and specificity: 73.1%, P=0.0004, Fig. 3.B)
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Georgiana-Aura Giurgea et al. found that regular and
long-term lipid apheresis in patients with familial hyper-
cholesterolemia (FH) significantly increased LVEF inde-
pendent of statin therapy [32]. Meanwhile, the new
promising antisense oligonucleotides can bind to hepatic
LPA mRNA and reduce Lp(a), but they still need to be
further tested [33].

We believe that elevated Lp(a) implies reduced LVEF
in patients with MI, and LVEF, but not Lp(a), can impact
long-term mortality. This conclusion still needs to be fur-
ther evaluated in larger studies.

Study strengths and limitation

This is the first study to examine the correlation between
Lp(a) level and LVEF in Chinese patients with myocardial
infarction and the effect of Lp(a) level and LVEF on long-
term mortality. However, there are some limitations in
this study: First, this was an observational study suscep-
tible to confounding factors that may have affected our
findings. Second, this was a single-center study with an
inadequate sample size, leading to selection bias; a pro-
spective, multicenter study with a larger sample size is
needed to confirm these findings. Third, we tried to col-
lect information during the implementation phase of the
study to avoid lost follow-up, such as cell phone numbers
and WeChat. of the patients and their relatives and estab-
lish a good relationship with them. However, it was still
impossible to avoid missing follow-ups. Eleven patients
were lost in this study, accounting for less than 3% of the
total population. This may produce bias, which is a limi-
tation of this study. Finally, we only reported the patients’
baseline characteristics at hospitalization, and long-term
laboratory findings after discharge were lacking. Thus,
continuous dynamic measurements would increase the
accuracy of the results.

Conclusion

The Lp(a) concentration and LVEF were significantly and
negatively correlated (r=-0.407, p=-0.349, P<0.001) in
patients with MI. Furthermore, an Lp(a) concentration
of >455 mg/L was a predictive factor for reduced LVEF.
However, the Lp(a) concentration did not affect mortal-
ity. In contrast, LVEF significantly affected all-cause mor-
tality and cardiac mortality; LVEF over 55.5% had the
best predictive abilities. Overall, our results suggest that
an elevated Lp(a) concentration predicts reduced LVEF
and that LVEF predicts mortality in patients with MI.
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pCl Percutaneous coronary intervention

CABG Coronary artery bypass grafting

SYNTAX  Score, synergy between percutaneous coronary intervention with
taxus and cardiac surgery score

BMI Body mass index

DM Diabetes mellitus

TG Triglycerides

TC Total cholesterol

LDL-C Low-density lipoprotein cholesterol

HDL-C High-density lipoprotein cholesterol

VLDL-C Very low-density lipoprotein cholesterol

ApoA-| Apolipoprotein A-l

ApoB Apolipoprotein B

eGFR Glomerular filtration rate

FBG Fasting blood glucose

NLR Neutrophil-to-lymphocyte ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512944-023-01841-z.

Additional file 1. ROC curve analysis of Lp(a) for mortality. Lp(a) cutoff
value of 274.5 mg/L on admission predicts all-cause mortality (additional
file 1. A) and cardiac mortality (additional file 1. B) in patients (accuracy:
0.6660, 95% Cl: 0.5696-0.7623, sensitivity: 80.0%, and specificity: 55.7%,

P =0.0024, additional file 1. A; accuracy: 0.6499, 95% Cl: 0.5423-0.7574,
sensitivity: 76.9%, and specificity: 55.19%, P =0.0103, additional file 1.B).

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study conception and design. The article
conception was performed by Jian Zhang. Data collection and analysis were
performed by Lin Jia, Yu Yang, Ai Xiao, and Jian Zhang. Drafted and critically
revised the work were performed by Xianhe Lin and Jian Zhang. The author(s)
read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials

The datasets analyzed during the current study are not publicly available due
to privacy protection but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the institution’s ethics committee of The First
Affiliated Hospital of Anhui Medical University and complied with the Declara-
tion of Helsinki. All patients provided written informed consent to participate
in this study, and we concealed information related to patient identity.

Consent for publication
Included populations agree to have information published in the journal.

Competing interests
The authors declare no competing interests.


https://doi.org/10.1186/s12944-023-01841-z
https://doi.org/10.1186/s12944-023-01841-z

Zhang et al. Lipids in Health and Disease

(2023) 22:70

Received: 21 April 2023 Accepted: 2 June 2023
Published online: 09 June 2023

References

1.

Schmidt K, Noureen A, Kronenberg F, Utermann G. Structure, Function,
and Genetics of Lipoprotein (a). J Lipid Res. 2016;57(8):1339-59.
Ralapanawa U, Sivakanesan R. Epidemiology and the Magnitude of Coro-
nary Artery Disease and Acute Coronary Syndrome: A Narrative Review.
Journal of Epidemiology and Global Health. 2021;11(2):169.

Bajaj A, Sethi A, Rathor P, Suppogu N, Sethi A. Acute Complications of
Myocardial Infarction in the Current Era: Diagnosis and Management. J
Investig Med. 2015;63(7):844-55.

Minicucci MF, Azevedo PS, Polegato BF, Paiva SA, Zornoff LA. Heart Failure
After Myocardial Infarction: Clinical Implications and Treatment. Clin
Cardiol. 2011;34(7):410-4.

Lin TH, Lee WL, Lee WJ, Sheu WH, Liao YC, Liang KW. Dyslipidemia, Not
Inflammatory Markers Or Adipokines, Contributes Significantly to a
Higher Syntax Score in Stable Coronary Artery Disease (From the Tai-
chung Cad Study). Acta Cardiologica Sinica. 2021;37(3):232-8.

LiuT, Zhao D, Qi Y. Global Trends in the Epidemiology and Management
of Dyslipidemia. J Clin Med. 2022;11(21):6377.

Kronenberg F. Human Genetics and the Causal Role of Lipoprotein(a) for
Various Diseases. Cardiovasc Drugs Ther. 2016;30(1):87-100.

Ergou S, Kaptoge S, Perry PL, Di Angelantonio E, Thompson A, White

IR, Marcovina SM, Collins R, Thompson SG, Danesh J. Lipoprotein(a)
Concentration and the Risk of Coronary Heart Disease, Stroke, and Non-
vascular Mortality. Jama-Journal of the American Medical Association.
2009;302(4):412-23.

Kamstrup PR, Tybjaerg-Hansen A, Nordestgaard BG. Extreme
Lipoprotein(a) Levels and Improved Cardiovascular Risk Prediction. J Am
Coll Cardiol. 2013;61(11):1146-56.

Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC, Parish S,
Barlera S, Franzosi MG, Rust S, Bennett D, Silveira A, Malarstig A, Green FR,
Lathrop M, Gigante B, Leander K, de Faire U, Seedorf U, Hamsten A, Collins
R, Watkins H, Farrall M, and Consortium PROCARDIS. Genetic Variants
Associated with Lp(a) Lipoprotein Level and Coronary Disease. N Eng J
Med. 2009;361(26):2518-28.

Deloukas, Panos, Stavroula Kanoni, Christina Willenborg, Martin Farrall,
Themistocles L. Assimes, John R. Thompson, Erik Ingelsson, Danish Sale-
heen, Jeanette Erdmann, Benjamin A. Goldstein, Kathleen Stirrups, Inke
R. Konig, Jean-Baptiste Cazier, Asa Johansson, Alistair S. Hall, Jong-Young
Lee, Cristen J. Willer, John C. Chambers, Ténu Esko, Lasse Folkersen, Anuj
Goel, Elin Grundberg, Aki S. Havulinna, Weang K. Ho, Jemma C. Hopewell,
Niclas Eriksson, Marcus E. Kleber, Kati Kristiansson, Per Lundmark, Leo-
Pekka Lyytikdinen, Suzanne Rafelt, Dmitry Shungin, Rona J. Strawbridge,
Gudmar Thorleifsson, Emmi Tikkanen, Natalie Van Zuydam, Benjamin F.
Voight, Lindsay L. Waite, Weihua Zhang, Andreas Ziegler, Devin Absher,
David Altshuler, Anthony J. Balmforth, Inés Barroso, Peter S. Braund,
Christof Burgdorf, Simone Claudi-Boehm, David Cox, Maria Dimitriou,
Ron Do, Alex S. F. Doney, Nourkddine EI Mokhtari, Per Eriksson, Krista
Fischer, Pierre Fontanillas, Anders Franco-Cereceda, Bruna Gigante, Leif
Groop, Stefan Gustafsson, Jorg Hager, Goran Hallmans, Bok-Ghee Han,
Sarah E. Hunt, Hyun M. Kang, Thomas Illig, Thorsten Kessler, Joshua W.
Knowles, Genovefa Kolovou, Johanna Kuusisto, Claudia Langenberg,
Cordelia Langford, Karin Leander, Marja-Liisa Lokki, Anders Lundmark,
Mark I. McCarthy, Christa Meisinger, Olle Melander, Evelin Mihailov, Seraya
Maouche, Andrew D. Morris, Martina Mller-Nurasyid, Kjell Nikus, John F.
Peden, N. William Rayner, Asif Rasheed, Silke Rosinger, Diana Rubin, Moritz
P Rumpf, Arne Schéfer, Mohan Sivananthan, Ci Song, Alexandre F. R. Stew-
art, Sian-Tsung Tan, Gudmundur Thorgeirsson, C. Ellen Van Der Schoot,
Peter J. Wagner, George A. Wells, Philipp S. Wild, Tsun-Po Yang, Philippe
Amouyel, Dominique Arveiler, Hanneke Basart, Michael Boehnke, Eric
Boerwinkle, Paolo Brambilla, Francois Cambien, Adrienne L. Cupples, UIf
de Faire, Abbas Dehghan, Patrick Diemert, Stephen E. Epstein, Alun Evans,
Marco M. Ferrario, Jean Ferriéres, Dominique Gauguier, Alan S. Go, Alison
H. Goodall, Villi Gudnason, Stanley L. Hazen, Hilma Holm, Carlos Iribarren,
Yangsoo Jang, Mika Kahonen, Frank Kee, Hyo-Soo Kim, Norman Klopp,
Wolfgang Koenig, Wolfgang Kratzer, Kari Kuulasmaa, Markku Laakso, Reijo
Laaksonen, Ji-Young Lee, Lars Lind, Willem H. Ouwehand, Sarah Parish,

20.

21

22.

23.

24.

25.

Page 11 of 12

Jeong E. Park, Nancy L. Pedersen, Annette Peters, Thomas Quertermous,
Daniel J. Rader, Veikko Salomaa, Eric Schadt, Svati H. Shah, Juha Sinisalo,
Klaus Stark, Kari Stefansson, David-Alexandre Trégouét, Jarmo Virtamo,
Lars Wallentin, Nicholas Wareham, Martina E. Zimmermann, Markku S.
Nieminen, Christian Hengstenberg, Manjinder S. Sandhu, Tomi Pastinen,
Ann-Christine Syvéanen, G. Kees Hovingh, George Dedoussis, Paul W.
Franks, Terho Lehtimaki, Andres Metspalu, Pierre A. Zalloua, Agneta
Siegbahn, Stefan Schreiber, Samuli Ripatti, Stefan S. Blankenberg, Markus
Perola, Robert Clarke, Bernhard O. Boehm, Christopher O'Donnell,
Muredach P. Reilly, Winfried Marz, Rory Collins, Sekar Kathiresan, Anders
Hamsten, Jaspal S. Kooner, Unnur Thorsteinsdottir, John Danesh, Colin
N. A. Palmer, Robert Roberts, Hugh Watkins, Heribert Schunkert, Nilesh
J. Samani. Large-Scale Association Analysis Identifies New Risk Loci for
Coronary Artery Disease! Nature Genetics. 2013;45(1):25-33.

. Tsimikas S. ATest in Context: Lipoprotein(a): Diagnosis, Prognosis, Contro-

versies, and Emerging Therapies. J Am Coll Cardiol. 2017,69(6):692-711.

. Farnier M, Chagué F, Maza M, Bichat F, Masson D, Cottin'Y, Zeller M.

High Lipoprotein(a) Levels Predict Severity of Coronary Artery Disease
in Patients Hospitalized for Acute Myocardial Infarction. Data From the
French Rico Survey. J Clin Lipidol. 2022;16(5):685-93.

. Ashfag F, Goel PK, Moorthy N, Sethi R, Khan M, Idris MZ. Lipoprotein(a)

and Syntax Score Association with Severity of Coronary Artery Athero-
sclerosis in North India. Sultan Qaboos Univ Med J. 2012;12(4):465-72.

. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chap-

man MJ, De Backer GG, Delgado V, Ference BA, Graham IM, Halliday A,
Landmesser U, Mihaylova B, Pedersen TR, Riccardi G, Richter DJ, Sabatine
MS, Taskinen MR, Tokgozoglu L, Wiklund O. 2019 Esc/Eas Guidelines for
the Management of Dyslipidemias: Lipid Modification to Reduce Cardio-
vascular Risk. Eur Heart J. 2020;41(1):111-88.

. Xu Na, Tang X-F, Yao Vi, Jia S-d, Liu Y, Zhao X-Y, Chen J, Gao Z, Yang Y-J,

Gao R-L, Bo Xu, Yuan J-Q. Lipoprotein(a) Levels are Associated with
Coronary Severity but Not with Outcomes in Chinese Patients Under-
went Percutaneous Coronary Intervention. Nutr Metab Cardiovasc Dis.
2020;30(2):265-73.

. Kamstrup PR, Tybjaerg-Hansen A, Steffensen R, Nordestgaard BG. Geneti-

cally Elevated Lipoprotein(a) and Increased Risk of Myocardial Infarction.
JAMA, J Am Med Assoc. 2009;301(22):2331-9.

. Ferretti G, Bacchetti T, Johnston TP, Banach M, Pirro M, Sahebkar A.

Lipoprotein(a): A Missing Culprit in the Management of Athero-Thrombo-
sis? J Cell Physiol. 2018;233(4):2966-81.

. Aksoy M, Kepekci 'Y, Goktekin O, Akdemir I, Gursurer M, Emre A, Bilge M,

Yesilcimen K, Ersek B. Relation of Plasma Lipoprotein(a) with Myocardial
Viability and Left Ventricular Performance in Survivors of Myocardial
Infarction. Jpn Heart J. 1999;40(6):703-13.

Wu B, Zhang Z, Long J, Zhao H, Zeng F. Association between lipoprotein
(a) and heart failure with reduced ejection fraction development. J Clin
Lab Anal. 2022;36(1):e24083.

Kronenberg FS, Mora ESG, Stroes BA, Ference BJ, Arsenault L, Berglund
MR, Dweck M, Koschinsky G, Lambert F, Mach CJ, McNeal PM, Moriarty

P, Natarajan BG, Nordestgaard KG, Parhofer S S, Virani A, Eckardstein GF,
Watts J K, Stock KK, Ray L S, Tokgozoglu, Catapano A L. Lipoprotein(a)

in Atherosclerotic Cardiovascular Disease and Aortic Stenosis: A
European Atherosclerosis Society Consensus Statement. Eur Heart J.
2022;43(39):3925-46.

Duarte L, Lau F, Giugliano RP. Lipoprotein(a) and its Significance in Cardio-
vascular Disease: A Review. Jama Cardiology. 2022;7(7):760-9.

Rhoads GG, Dahlen G, Berg K, Morton NE, Dannenberg AL. Lp(a) Lipo-
protein as a Risk Factor for Myocardial Infarction. Jama-J Am Med Assoc.
1986;256(18):2540-4.

Tsimikas S, Stroes ESG. The Dedicated “Lp(a) Clinic”: A Concept Whose
Time Has Arrived? Atherosclerosis. 2020;300:1-9.

Burgess, Stephen, Brian A. Ference, James R. Staley, Daniel F. Freitag, Amy
M. Mason, Sune F. Nielsen, Peter Willeit, Robin Young, Praveen Surendran,
Savita Karthikeyan, Thomas R. Bolton, James E. Peters, Pia R. Kamstrup,
Anne Tybjaerg-Hansen, Marianne Benn, Anne Langsted, Peter Schnohr,
Signe Vedel-Krogh, Camilla J. Kobylecki, lan Ford, Chris Packard, Stella
Trompet, J. Wouter Jukema, Naveed Sattar, Emanuele Di Angelantonio,
Danish Saleheen, Joanna M. M. Howson, Barge G. Nordestgaard, Adam
S. Butterworth, and John Danesh. Association of Lpa Variants with Risk
of Coronary Disease and the Implications for Lipoprotein(a)-Lowering
Therapies. Jama Cardiology. 2018;3(7):619.



Zhang et al. Lipids in Health and Disease

26.

27.

28.

29.

30.

31

32.

33.

(2023) 22:70

Wong ND, Zhao Y, Sung J, Browne A. Relation of First and Total Recurrent
Atherosclerotic Cardiovascular Disease Events to Increased Lipoprotein(a)
Levels Among Statin Treated Adults with Cardiovascular Disease. Am J
Cardiol. 2021;145:12-7.

Konishi H, Miyauchi K, Kasai T, Tsuboi S, Ogita M, Naito R, Sai E, Fukushima
Y, Katoh'Y, Okai |, Tamura H, Okazaki S, Daida H. Impact of Lipoprotein(a)
as Residual Risk On Long-Term Outcomes in Patients After Percutaneous
Coronary Intervention. Am J Cardiol. 2015;115(2):157-60.

Patel AP, Wang M, Pirruccello JP, Ellinor PT, Ng K, Kathiresan S, Khera

AV. Lp(a) (Lipoprotein[al) Concentrations and Incident Atherosclerotic
Cardiovascular Disease. Arterioscler Thromb Vasc Biol. 2021;41(1):465-74.
Luc G, Bard J-M, Arveiler D, Ferrieres J, Evans A, Amouyel P, Fruchart J-C,
Ducimetiere P. Lipoprotein (a) as a Predictor of Coronary Heart Disease:
The Prime Study. Atherosclerosis. 2002;163(2):377-84.

Dagres N, Hindricks G. Risk Stratification After Myocardial Infarction: Is Left
Ventricular Ejection Fraction Enough to Prevent Sudden Cardiac Death?
Eur Heart J. 2013;34(26):1964-71.

Langsted A, Nordestgaard BG. Lipoprotein(a). Curr Opin Lipidol.
2020;31(3):125-31.

Giurgea G-A, Karkutli E, Granegger S, Berent R, Derfler K, Sinzinger H. One
Year Follow-Up of Patients with Reduced Left Ventricular Ejection Fraction
(Lvef) On Lipoprotein Apheresis. Atheroscler Suppl. 2019;40:44-8.

Rallidis LS, Pavlakis G, Foscolou A, Kotakos C, Katsimardos A, Drosatos A,
Zolindaki M, Panagiotakos DB. High Levels of Lipoprotein (a) and Prema-
ture Acute Coronary Syndrome. Atherosclerosis. 2018;269:29-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Lipoprotein (a) and myocardial infarction: impact on long-term mortality
	Abstract 
	Background and aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Definition of risk factors
	Data collection
	Clinical endpoint events
	Statistical analyses

	Results
	Baseline clinical characteristics
	Lp(a) levels and LVEF
	The Lp(a) level, LVEF, and clinical endpoint events

	Discussion
	Study strengths and limitation

	Conclusion
	Anchor 20
	Acknowledgements
	References


