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Abstract: Background: Lipoprotein(a) [Lp(a)], which is predictive of coronary heart disease (CHD), plays an important
role in the pathogenesis of atherosclerosis. This study aimed to evaluate the association of Lp(a) with major ad-
verse cardiovascular events (MACEs) and readmission in individuals who had undergone a percutaneous coronary
intervention (PCI). Methods: A total of 1,938 patients with CHD who had undergone a PCl from January 2010 to
December 2018 were assigned to three groups based on Lp(a) level. Follow-up was performed to assess the 1-year
occurrence of MACEs and readmission. Results: Kaplan-Meier survival curves showed that the cumulative hazard
incidence rate of MACEs and repeat PCI (re-PCl) significantly increased with Lp(a) level. Multivariate Cox proportional
hazards regression analysis further confirmed Lp(a) as a significant independent predictor of MACEs. The area
under the curve of the complex index risk score was significantly larger than those of other independent indicators.
In individuals with low-density lipoprotein-cholesterol (LDL-C) levels either below 70 mg/dL or between 70 mg/dL
and 100 mg/dL, Lp(a) was associated with increased rates of MACEs and readmission. In addition, a nomogram
was constructed to predict 1-year MACE. Conclusions: High Lp(a) levels may be a residual risk factor for MACEs in
individuals with LDL-C levels under 100 mg/dL. Additionally, the built nomogram could predict 1-year MACEs with
high accuracy. Lp(a) independently predicts 1-year MACEs, indicating its importance in risk assessment and the
selection of clinical strategies in patients who have undergone a PCI.
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Introduction within the ideal range based on current guide-
lines [3, 4].

Atherosclerotic cardiovascular disease (AS-

CVD) is the most prevalent cause of coronary
heart disease (CHD) and represents the top
cause of mortality in humans around the world
[1]. Dyslipidemia constitutes the core mecha-
nism of ASCVD occurrence and development,
and is listed as a correctable risk factor [2].
Low-density lipoprotein-cholesterol (LDL-C), an
important blood lipid index, is well known as
the primary target of blood lipid treatment and
control in ASCVD. However, randomized con-
trolled trials and real-world studies have shown
there are still residual risks of cardiovascular
events even after LDL-C levels are controlled

Lipoprotein(a) [Lp(a)] is a new target for blood
lipid intervention that has attracted attention
because of evidence supporting its use as a
medicinal target [5]. Lp(a) is an LDL-like mole-
cule synthesized by hepatocytes that promotes
atherosclerosis, thrombosis, and foam cell for-
mation by its deposition in the arterial intima
[6]. Recently, Lp(a) was recognized as one of
the most significant cardiovascular risk factors
for cardiovascular disease (CVD) [7]. Substan-
tial evidence from studies including epidemio-
logical study [8], meta-analysis [9], genome-
wide study [10], and Mendelian randomization
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study [11] suggested that high Lp(a) levels
increase CVD risk. Studies have confirmed that
plasma Lp(a) levels could independently pre-
dict ASCVD as well as calcific aortic valve dis-
ease [12]. Lp(a) levels above 30 mg/dL are
reported to significantly increase disease risk;
thus, reducing Lp(a) levels is an important
strategy for reducing the risks of ASCVD and
calcific aortic valve disease and improving
prognosis [13, 14].

A percutaneous coronary intervention (PCl) is
necessary for CHD diagnosis and treatment,
to improve patient prognosis [15]. Although
employing a PCl has multiple advantages in
diagnosis and treatment, it cannot reverse the
pathology of atherosclerosis and does not
eliminate the occurrence of cardiovascular
events. A high rate of recurrent adverse cardio-
vascular events, including myocardial infarc-
tion, angina, heart failure, and sudden cardiac
death, occur in patients with CHD after a PCI,
seriously impacting their quality of life.

Although the close association of Lp(a) and car-
diovascular risk has been reported, the associ-
ation of serum Lp(a) levels and cardiovascular
outcomes, such as coronary artery stent reste-
nosis within 1 year in the Chinese population,
has not been assessed. Therefore, a retrospec-
tive trial was carried out to evaluate the asso-
ciation of baseline serum Lp(a) levels and
MACEs within 1 year in patients administered a
PCI.

Methods
Study design

The present retrospective observational trial
was approved by the Clinical Research Ethics
Committee of Shandong Provincial Hospital,
which is affiliated with Shandong First Medical
University (SWYX No. 2020-170). The proce-
dures of this study followed the “Declaration of
Helsinki”. The requirement for informed con-
sent was waived because of the retrospective
nature of the trial. The study population was
selected from the PCI registry of Shandong
Provincial Hospital. Inclusion criteria were
patients of at least 18 years of age who had
undergone a PCl at Shandong Provincial
Hospital with a follow-up 1 year after the PCI at
Shandong Provincial Hospital. The exclusion
criteria included thyroid disease, infectious dis-
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ease, immune system disease, moderate to
severe rheumatic valvular disease, a recent
history of anti-inflammatory or antioxidant use,
liver or kidney dysfunction, serious systemic
diseases, hematological diseases, mental ill-
nesses, and incomplete patient data. Be-
tween January 2010 and December 2018,
1,938 individuals who had undergone a PCI
were recruited for the study. This trial was reg-
istered at http://www.chictr.org.cn (Chinese
clinical trial registry; No. ChiCTR22000597-
23). Patients were assigned to three groups
based on Lp(a) level: low [Lp(a) < 10.9 mg/dL,
647 cases], mid [10.9 mg/dL < Lp(a) < 27.3
mg/dL, 647 cases], and high [27.3 mg/dL <
Lp(a) < 181.7 mg/dL, 644 cases].

Data collection

Peripheral blood samples were collected upon
admission, after overnight fasting. All bioche-
mical measurements were conducted in the
clinical testing center of Shandong Provincial
Hospital. The main testing procedure followed
the manufacturer’s instructions. Demographic
data including age, gender, smoking and drink-
ing status, past medical history, coronary angi-
ography and surgery data, and echocardiogra-
phy and medication history were retrieved from
medical records or collected during follow-up.
Plasma levels of low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), total cholesterol, triglycerides,
Lp(a), creatinine, uric acid, Hcy, and fasting
blood glucose (FBG) were quantified using stan-
dard laboratory procedures in the clinical test-
ing center. Follow-up duration was from the
date of discharge until 1 year after the PCl and
was conducted by outpatient examination and/
or phone interviews.

Study endpoints

The primary study endpoint was a major ad-
verse cardiovascular event (MACE), including
recurrent angina, acute myocardial infarction,
severe cardiac arrhythmia, heart failure, non-
fatal ischemic stroke, transient ischemic
attack, stent restenosis, and death from car-
diovascular causes. The secondary outcome
was the readmission within 1 year, defined as
readmission for all causes from the first admis-
sion. All events were evaluated by cardiologists
independently. Data extraction was performed
by two investigators.
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based on Lp(a) levels (< 10.9
mg/dL in tertile 1, 10.9 mg/dL
< Lp(a) < 27.3 mg/dL in tertile
2, and 27.3 mg/dL < Lp(a) <
181.7 mg/dL in tertile 3).
Significant differences existed
in systolic (P = 0.002) and dia-
stolic (P = 0.010) blood pres-
sure levels among the three
groups. In addition, patients
with Lp(a) levels in tertile 3 had
elevated total cholesterol, tri-
glyceride, and LDL-C levels;
LDL-C/high-density lipoprotein-
cholesterol (HDL-C) and apoli-
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Figure 1. Distribution of lipoprotein(a) levels in the study population.

Statistical analysis

R 3.6.3, Python 3.7 and SPSS 20.0 were uti-
lized for data analysis. Continuous data were
presented as mean + SD or median with inter-
quartile range (IQR), and differences were
assessed by one-way ANOVA when normally
distributed, Kruskal-Wallis tests for nonpara-
metric variables. Categorical data were expre-
ssed as percentages and compared using the
X2 test. Kaplan-Meier curve analysis was car-
ried out to calculate the cumulative incidence
over time, and the log-rank test was utilized for
comparisons. Univariate analysis was used to
evaluate several values. The association of
Lp(a) with incidence of MACEs within 1 year of
the PCI was assessed by Cox regression analy-
sis. Hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated. A predictive
nomogram was built for predicting MACEs, and
its predictive accuracy was measured by the
concordance index. Two-sided P values less
than 0.05 indicated significance.

Results
Study population and Lp(a) distribution

The median level of Lp(a) was 0.170 g/L (IQR =
0.083-0.345 g/L) (Figure 1). The baseline clini-
co-demographic and biochemical characteris-
tics of the patients are summarized in Table 1.
The patients were assigned to three groups
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poprotein B (ApoB)/ApoA ratios
(P < 0.001); and HDL-C levels
(P = 0.005) compared to pa-
tients with Lp(a) levels in ter-
tiles 1 and 2.

)
2.000

Predictive value of Lp(a) in incidences of
MACEs

As patients underwent angiography for cardiac
symptoms, we assessed the association of
Lp(a) with the incidence of MACEs, readmis-
sion, repeat PCI (re-PCl), and re-angiography.
Figure 2 shows the cumulative HRs for the
incidence of MACESs, readmission, re-PCI, and
re-angiography at 1 year. The log-rank test
revealed overt disparities among the Lp(a) ter-
tile groups in terms of the incidence of MACEs
(P = 0.028, Figure 2A), re-PCI (P = 0.038,
Figure 2C), and re-angiography (P = 0.018,
Figure 2D). The readmission rates were similar
for all patients, regardless of Lp(a) level (P =
0.302, Figure 2B). Next, to observe whether
Lp(a) independently predicted the incidence of
MACEs, we performed a univariable Cox pro-
portional hazard regression analysis. Lp(a) as a
continuous variable was related to incidence of
MACEs (HR = 1.781, 95% Cl = 1.136-2.793; P =
0.012). Compared to patients with the lowest
Lp(a) levels, there was an association between
patients with the highest levels of Lp(a) (tertile
3; HR = 1.407, 95% Cl = 1.051-1.884; P =
0.022) and incidence of MACEs, unlike patients
with moderate Lp(a) levels (tertile 2; HR =
1.015, 95% Cl = 0.743-1.388; P = 0.924) (data
not shown). After adjusting for other clinical
covariates, Lp(a) level was able to predict the
incidence of MACEs in a significant fashion (HR

Am J Transl Res 2023;15(1):165-174



Lp(a) predicts cardiac events after PCI

Table 1. Baseline characteristics of patients

Lipoprotein(a)

Variable Tertile 1 Tertile 2 Tertile 3 Pvalue
(n=647) (n=647) (n=644)
Age,y 60.42+9.89 60.41+9.50 60.34+10.23 0.988
Male, n (%) 463 (71.6) 467 (72.2) 431 (66.9) 0.079
Heart rate, bpm 69.38+11.04 69.20+11.35 69.83+10.92 0.585
Respiratory rate 17.89+1.33 17.93+1.43 18.02+1.44 0.218
SBP, mmHg 135.67+£19.30 132.29+17.77 135.34+£19.61 0.002
DBP, mmHg 79.43+12.14 77.87+11.86 79.81+12.37 0.010
Hospital day, d 9.67+4.30 9.84+4.55 9.70+£5.57 0.788
Medical history, n (%)
Hypertension 389 (60.1) 388 (60.0) 396 (61.5) 0.828
Diabetes 220 (34.0) 211 (32.6) 184 (28.6) 0.093
Dislipidemia 20(3.1) 16 (2.5) 26 (4.0) 0.274
Previous PCI 47 (7.3) 44 (6.8) 53(8.2) 0.607
Myocardial infarction 231 (35.7) 250 (38.6) 263 (40.8) 0.163
Procedural characteristics, n (%)
Multivessel 596 (92.1) 585 (90.4) 592 (91.9) 0.487
Vasoocclusion 166 (25.7) 192 (29.7) 182 (28.3) 0.263
Stent number 1.75+0.87 1.66+0.85 1.78+0.94 0.040
Risk factor, n (%)
Smoking 318 (49.2) 330 (51.0) 306 (47.5) 0.455
Drinking 297 (45.9) 324 (50.1) 292 (45.3) 0.176
Biochemistry
TC, mmol/L 4.41+£1.15 4.40+1.08 4.71+1.16 <0.001
TG, mmol/L 1.87+1.30 1.65+0.87 1.68+1.01 <0.001
LDL-C, mmol/L 2.64+0.85 2.65+0.84 2.94+0.95 <0.001
HDL-C, mmol/L 1.08+0.26 1.12+0.25 1.13+0.26 0.005
LDL-C/HDL-C ratio 2.55+0.98 2.47+0.91 2.73+1.06 <0.001
Lp(a), g/L 0.06 (0.03-0.08) 0.17 (0.14-0.22) 0.43(0.35-0.61) < 0.001
ApoA-l, g/L 1.11+0.20 1.11+0.20 1.12+0.20 0.434
ApoB, g/L 0.91+0.30 0.92+0.30 1.00+£0.33 <0.001
ApoB/ApoA-I ratio 0.84+0.29 0.85+0.31 0.92+0.34 <0.001
Creatinine, pmmol/L 71.71+£17.45 71.99+15.68 71.41+£16.25 0.817
Uric acid, pmmol/L 336.92+87.58 330.98+82.88 333.933£82.97 0.451
Hcy, ummol/L 15.98+7.82 15.09+7.80 15.23+6.72 0.071
FBG, mmol/L 6.37+1.82 6.40£1.93 6.381£2.01 0.956
Discharge medication, n (%)
Aspirins 643 (99.4) 645 (99.7) 639 (99.2) 0.524
Statins 606 (93.7) 602 (93.0) 603 (93.6) 0.879
Clopidgrel/Ticagrelor 633 (97.8) 637 (98.5) 630 (97.8) 0.647
B-blockers 532 (82.2) 530 (81.9) 527 (81.8) 0.981
Diuretic 94 (14.5) 112 (17.3) 104 (16.1) 0.391

Data are mean £ SD, median (interquartile range), or number (%). SBP, systolic blood pressure; DBP, diastolic blood pressure;

PCI, percutaneous coronary intervention; multivessel, number of diseased blood vessels greater than or equal to two; TC, total
cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ApoA-l, apoli-
poprotein A-l; ApoB, apolipoprotein B; Lp(a), lipoprotein(a); Hcy, homocysteine; FBG, fasting blood glucose.

=1.854, 95% Cl = 1.163-2.955; P = 0.009) in
model 1. There was still a relationship between
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patients with the highest levels of Lp(a) (tertile
3) and the incidence of MACEs (HR = 1.391,
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Figure 2. Cumulative hazard curves for incidence of MACEs, readmission rate, re-PCl, and re-angiography accord-
ing to the tertile of Lp(a) at the 1-year follow-up. A. Cumulative HRs of incidence of MACEs. B. Cumulative HRs of
readmission rate. C. Cumulative HRs of re-PCI. D. Cumulative HRs of re-angiography. Major adverse cardiovascular
events (MACEs), percutaneous coronary intervention (PCl), hazard ratios (HRs).

95% Cl = 1.033-1.871; P = 0.029) in model 2.
Table 2 summarizes the data from the multi-
variate analysis. The area under the curve of
the complex index was significantly larger than
those of the other indicators, indicating that
the Cox model had better predictive power than
other single indicators (Delong test P < 0.001)
(Figure 3A). The same predictive power was
proved by DCA (Decision curve analysis) (Figure
3B).
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Subgroup analysis

The results of the exploratory subgroup analy-
ses of relationships between different levels of
LDL-C and the occurrence of MACEs and read-
mission are shown in Figure 4. Of the entire
patient population, cases with LDL-C levels
below 70 mg/dL had a 7.3-fold higher risk
of MACEs occurrence (HR = 7.291, 95% Cl =
1.852-28.702; P = 0.004) and a 4.1-fold higher
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Table 2. Multivariable analysis of one-year occurrence of MACEs

Variable Z HR 95% ClI P value
Model 1: Lp(a) as a continuous variable
Lp(a) 2.594 1.854 1.163-2.955 0.009
Vaso-occlusion 5.736 2.052 1.605-2.623 <0.001
Statins -5.804 0.364 0.258-0.512 <0.001
Aspirins -3.334 0.221 0.091-0.537 0.001
Model 2: Lp(a) as a categorical variable
Low Lp(a) 1.0 (Reference) 1.0 (Reference)
Medium Lp(a) -0.133 0.979 0.714-1.341 0.894
High Lp(a) 2477 1.391 1.033-1.871 0.029
Vaso-occlusion 5.799 2.07 1.619-2.648 <0.001
Statins B5.77 0.366 0.26-0.515 <0.001
Aspirins -3.194 0.235 0.097-0.572 0.001

In models 1 and 2, the adjusted covariates included age, sex, TC, TG, FBG, and multivessel disease. Cl, confidence interval;

HR, hazard ratio; the remaining abbreviations as in Tables 1 and 2.
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Figure 3. A. Multiple receiver oper-
ating characteristic curves for the
examined factors. AUC, area under
the curve. B. Decision curve analy-
sis.

risk of readmission occurrence
(HR = 4.072, 95% Cl = 1.048-
15.812; P = 0.043) for every
SD increment in Lp(a) level.
Individuals with LDL-C levels
between 70 mg/dL and 100
mg/dL had a 2.7-fold higher
risk of MACE occurrence (HR =
2.668, 95% Cl = 1.307-5.443;
P = 0.007) and a 2.3-fold high-
er risk of readmission occur-
rence (HR = 2.301, 95% CI =
1.153-4.594; P = 0.018) for
every SD increment in Lp(a)
level.

Prognostic nomogram for inci-
dence of MACEs

A nomogram was built using
the multivariable Cox regres-
sion for predicting the inciden-
ce of MACEs based on signifi-
cant independent factors along
with age and gender (Figure
5). Diverse prognostic factors
had different risk levels, which
could be determined by draw-
ing a vertical line upward to the
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Figure 4. Subgroup analysis by forest plots. A. Risk of MACEs incidence as-
sociated with Lp(a) level in stratified samples for different LDL-C groups,
adjusted for age and gender. B. Risk of readmission rate associated with
Lp(a) level in stratified samples for different LDL-C groups, adjusted for age
and gender. Major adverse cardiovascular events (MACEs), low-density lipo-

protein-cholesterol (LDL-C).

axis with “dots” through the values for the prog-
nostic factors. The nomogram can be used to
assess the incidence of MACEs 1 year after a
PCI for a patient from the sum of risk points.

Discussion

Coronary heart disease (CHD) threatens hu-
man health more than any other disease.
Previous studies have shown that aging, hyper-
tension, elevated LDL-C levels, low HDL-C lev-
els, smoking, and diabetes are all high-risk fac-
tors for CHD. LDL-C has been known as the
primary target of ASCVD for blood lipid inter-
vention. The majority of patients with CHD after
PCl achieved a target LDL-C level below 70 mg/
dL after lipid-lowering therapy using statins
and/or proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors. However, some of
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Adjusted HR [95%Cl] P value

1.809 [1.150-2.845] 0.010

7.291 [1.852-28.702] 0.004

1.137 [0.579-2.233] 0.709

Adjusted HR [95%CI] P value

1.441[0.929-2.235] 0.102

4.072 [1.048-15.812] 0.043

2.301 [1.153-4.594] 0.018

0.913 [0.477-1.748] 0.783

these patients still had ad-
verse cardiovascular events
after a PCl, including myocar-
dial infarction, stroke, resteno-
sis, and even cardiovascular
death [16]. Previous evidence
suggests the residual risk
after a PCl is also related to
increased serum Lp(a) levels
[47], but the relationship be-
tween Lp(a) levels and clinical
outcome after a PCI still de-
serves further investigation.

2.668 [1.307-5.443] 0.007

Lp(a) is one of the new targets
for lipid intervention, accruing
more evidence and attention
in recent years. The risk of
myocardial infarction and ra-
tes of cardiovascular and all-
cause death increase with
elevated Lp(a) level. However,
compared to other blood lipid
indicators such as HDL-C and
LDL-C, plasma Lp(a) levels are
affected by genetic factors
and are not sensitive to life-
style changes, including diet
and exercise. Plasma Lp(a) lev-
els are generally elevated in
the population and vary great-
ly among individuals [18], find-
ings that are consistent with
those of the present study. We
also demonstrated that Lp(a)
levels in patients with CHD after a PCI positively
correlated with the occurrence of MACEs within
1 year. The multivariate Cox regression analysis
showed that Lp(a) level was an independent
predictor of 1-year MACE incidence in patients
with CHD after a PCI.

Current guidelines propose reducing LDL-C lev-
els to prevent the incidence of ASCVD, but
clinical trials have noted a residual ASCVD risk
even after aggressive LDL-C level reduction.
Reduced levels of inflammatory markers,
including such non-LDL-C lipid indices as tri-
glycerides, triglyceride-rich lipoprotein, Lp(a),
and C-reactive protein, are increasingly consid-
ered to reduce residual risk related to LDL-C.
One study demonstrated rosuvastatin dosage,
age, smoking, drinking, and diabetes to inde-
pendently predict atrial fibrillation and ischemic
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Figure 5. Nomogram based on the multivariate Cox regression analysis for
predicting 1-year incidences of MACEs. Major adverse cardiovascular events

(MACES).

events [19]. Another study showed that high
Lp(@) levels increase ASCVD risk, even in
patients with an LDL-C level below 70 mg/dL
[20]. Our study indicated that elevated Lp(a)
levels increase the 1-year incidence of MACEs
in patients with an LDL-C level less than 100
mg/dL, and the effect was more significant in
those with an LDL-C level less than 70 mg/dL.

It is generally believed that the main patho-
physiological effect of Lp(a) on CHD is to pro-
mote thrombosis and atherosclerosis. Borrelli
[21] found that Lp(a) damages the vascular
endothelial barrier by promoting adhesion mol-
ecule production by endothelial cells, stimulat-
ing vascular smooth muscle cell migration and
proliferation, and promoting the formation of
atherosclerotic plaques. Lp(a) is considered to
elicit stronger pro-atherosclerotic effects than
LDL. Therefore, it is thought that lowering Lp(a)
levels should also be prioritized during conven-
tional LDL-C-lowering therapy. Lowering Lp(a)
levels to about 65.7 mg/dL effectively reduces
the risk of ASCVD [22], but the ideal control
level for Lp(a) remains unclear. Epidemiological
studies suggest an Lp(a) level greater than 25
mg/dL raises the risk of developing ASCVD in
healthy individuals, whereas an Lp(a) level
greater than 50 mg/dL elevates the risk of
recurrence in ASCVD patients [23]. The
European Atherosclerosis Society (EAS) [24]
proposed the ideal Lp(a) level in patients with
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emia [16]. As described ab-
ove, Lp(a) levels independen-
tly predict the occurrence of
MACE within 1 year after a
PCI. Despite the overwhelming
effects of statins on decreas-
ing LDL-C levels and preventing ASCVD, statins
have no overt effect on Lp(a) level [26]. Recent
evidence [27] suggested that PCSK9 inhibitors
may decrease Lp(a) levels using a dual mecha-
nism. When used alone, PCSK9 inhibitors blo-
ck Lp(a) synthesis; in combination with statins,
PCSK9 inhibitors enhance LDL receptor activity
and accelerate Lp(a) catabolism. Similarly, clini-
cal studies have demonstrated that PCSK9
inhibitors decrease LDL-C and Lp(a) levels by
more than 60% and 20%, respectively [28].
Nonetheless, it is unclear whether the reduc-
tion in MACE occurrence by PCSK9 inhibitors
results from a decrease in Lp(a) levels or a fur-
ther decrease in LDL-C levels from statin treat-
ment. Although statins generally do not de-
crease Lp(a) levels, PCSK9 inhibitors can
reduce Lp(a) levels and improve cardiovascular
outcomes.

In recent years, the understanding of Lp(a) has
made great progress. However, multiple issues
remain unknown, including the exact synthe-
sis and metabolic pathways of Lp(a) and its
effects on pathophysiological characteristics,
which need to be gradually explored in future
basic and/or clinical research. Nevertheless, a
limitation of this study should be mentioned.
This was a single-center retrospective study. To
minimize bias impact, the researchers used
relatively comprehensive records of predictive
variables and outcome indicators in the data-
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base for analysis and research. Given the sig-
nificant differences in the distribution of Lp(a)
levels in different ethnic groups, epidemiologi-
cal studies with large samples and populations
covering different regions are warranted.
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