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Background Although lipoprotein(a) (Lp(a)) has been regarded as an independent risk factor for atherosclerotic cardi-
ovascular disease (ASCVD), its predictive role in outcomes in stable coronary artery disease (CAD) has been
undetermined. The aim of the present study was to investigate the relations of Lp(a) to the coronary severity
and events in Chinese patients with angiography-proven stable CAD.

Methods A total of 3,278 patients with stable CAD were consecutively enrolled and the coronary severity was
evaluated by the Gensini Score (GS) system. Patients were divided into two groups according to the median
of GS: high GS group (n = 1,585) and low GS group (n = 1,693). The associations of continuous Lp(a), Lp(a)
>300 mg/L, and tertiles of Lp(a) with GS and events were respectively evaluated.

Results Patients in the high GS group had significantly higher concentrations of Lp(a). In addition, the multivariate
Cox regression analysis indicated that elevated Lp(a) (odds ratio: 1.164, 95% confidence interval: 1.005—-
1.349), Lp(a) >300 mg/L (odds ratio: 1.200, 95% confidence interval: 1.028-1.401), and the highest tertile of
Lp(a) (odds ratio: 1.205, 95% confidence interval: 1.010-1.438) were statistically associated with GS after
adjusted for potential confounders. However, although 215 (6.56%) events were established during a
median of follow-up over 10,170 patient-years, no relationship between Lp(a) and events was found.

Conclusions In this Chinese cohort study on stable CAD with moderate sample size and follow-up duration, data
showed that Lp(a) was significantly associated with the coronary severity while not with cardiovascular
events, similar to several studies, suggesting that further study is needed regarding the role of Lp(a) in
ASCVD.
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Introduction

Lipoprotein (a)[Lp (a)] is composed of apolipoprotein (apo)
B-100 covalently bound to apolipoprotein a (apo [a]) [1]. The
concentration of Lp (a) is genetically determined by LPA
gene [2], and is less influenced by diet or life style [3],
therefore stable in every individual during the whole life.
As we know, Lp (a) is a low-density lipoprotein (LDL)-like
lipoprotein [4]. It is this structure that has led to the hypoth-
esis that Lp(a) may be a risk factor for the progression of
coronary artery disease (CAD) and future adverse outcomes.
Many previous studies have concluded that Lp(a) is associ-
ated with the prevalence as well as the severity of CAD [5,6],
and future cardiovascular events in the general population
[7]. However, the relationship in patients with established
CAD is less extensively investigated and significantly weaker
than that in the general population [8]. In addition, these
previous findings produced conflicting results. Some studies
indicated that a higher concentration of Lp(a) might increase
the severity of CAD and predict a higher risk of cardiovas-
cular events [9-11], while there existed marked heterogene-
ity. Several did not find any association of Lp(a) with
cardiovascular diseases [12,13]. It is hypothesised that the
association between Lp(a) and cardiovascular outcomes may
be greatly attenuated by the concentration of LDL-C [14,15].

It is indicated that Lp(a) concentration is highly heteroge-
neous across different countries, populations, and races [16].
Hence, the study on the role of the plasma Lp(a) levels in
predicting the coronary stenosis and events in patients with
CAD may clinically be of great interest. Unfortunately, to our
knowledge, few studies have explored the potential impact
of plasma Lp(a) levels on Chinese stable CAD patients. Even
if published, these studies were also limited by small sample
sizes and short-term follow-up duration. In fact, no data
regarding association of the severity of CAD or the cardio-
vascular events in large Chinese Han patients with stable
CAD are currently available.

Based on this situation, the aim of our current study was
to evaluate the value of continuous plasma Lp(a) concen-
tration, Lp(a) >300 mg/L, and tertiles of Lp(a) respectively
on GS and cardiovascular events in Chinese CAD patients.
Importantly, the severity of CAD was calculated by the GS
system, an exquisite and widely used method in cardiovas-
cular field.

Methods
Study Population

Between November 2011 and January 2015, 4,650 consecu-
tive patients with CAD who were definitely diagnosed by
coronary angiography (CAG) were eligible for our current
study. Among them, 531 patients with acute myocardial
infarction were excluded. In addition, other exclusion cri-
teria included patients without complete clinical and lab-
oratory data, patients with severe heart failure, valvular
heart disease, severe liver or renal diseases, systematic

inflammatory diseases and malignant systematic diseases.
Therefore, in the end, 3,278 consecutive patients with
established CAD were enrolled in the present study. The
study was in accordance with the principles of the Decla-
ration of Helsinki and informed consent was obtained
from every enrolled patient. The flowchart of the present
study is shown in Figure 1.

Body mass index (BMI) is equal to weight in kilograms
divided by height in metres squared. Hypertension (HTN)
was defined as systolic blood pressure (SBP) >140 mmHg
and/or diastolic blood pressure (DBP) >90 mmHg or cur-
rently taking anti-hypertensive medications when patients
came to the hospital. Diabetes mellitus (DM) was defined
as fasting serum glucose >7.0 mmol/L or random serum
glucose >11.0 mmol/L or the 2-hour serum glucose of the
oral glucose tolerance test >11.0 mmol/L or using hypo-
glycaemic medications currently. Dyslipidaemia was
defined as total cholesterol >5.1 mmol/L or triglyceride
>1.7 mmol/L or using lipid-lowering medications at
admission.

Laboratory Tests

Blood samples of all enrolled patients were obtained from
venous after a 12-hour overnight fast and then tested as soon
as possible in laboratory medicine. The lipid profiles includ-
ing total cholesterol (TC), triglyceride (TG), LDL-C, high
density lipoprotein cholesterol (HDL-C), Lp(a) were deter-
mined by automatic biochemistry analyzer (Hitachi 7150,
Tokyo, Japan). And in detail, the concentration of Lp(a)
was measured with a latex turbidimetric method (LASAY
Lp(a) auto; SHIMA Laboratories, Tokyo). The method for
measuring the concentration of Lp(a) has been reported in
our previous published papers [17,18]. Lp(a) was determined
by immunoturbidimetry method (LASAY Lp(a) auto,
SHIMA Laboratories Co. Ltd., Tokyo, Japan). The detection
range was 5-1,000 mg/L and the normal range was 0-
300 mg/L. The coefficient of variation (CV) value of repeti-
tive measurements was below 10%. Haemoglobin Alc
(HbA1lc) was tested by Tosoh Automated Glycohemoglobin
Analyser (HLC-723G8, Tokyo, Japan). Erythrocyte sedimen-
tation rate (ESR) was tested using Westergren method and
high sensitivity C-reactive protein (hs-CRP) was measured
through immunoturbidimetry (BeckmannAssay360, Bera,
CA, USA).

Gensini Score Assessment

Every patient underwent CAG in our hospital because of
angina-like chest pain or significant coronary artery steno-
sis calculated by coronary computed tomography angiog-
raphy or positive treadmill exercise test. The results of
CAG were evaluated from catheter laboratory records
by at least three interventional cardiologists. The coronary
severity was assessed by the GS system, which was com-
puted by assigning the severity score to each coronary
stenosis. And GS was equal to the scores of luminal
narrowing multiplied by the scores of its geographic
importance [19].
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Figure 1 The data flow chart of the current study.

Follow-Up

All enrolled patients were prospectively followed up every 6
months by clinic visit or interview (directly or using tele-
phone). The future events included all cause death, non-fatal
myocardial infarction, stroke, unplanned revascularisation
including percutaneous coronary intervention (PCI) and cor-
onary artery bypass grafting (CABG). All-cause death
included cardiac death and non-cardiac death. Non-fatal
myocardial infarction was defined as elevated myocardial
enzyme along with typical chest pain or typical electrocar-
diogram changes or new dysfunction of ventricular wall
motion. Stroke was defined as acute cerebral infarction diag-
nosed by the imaging or typical symptoms.

Statistical Analysis

SPSS version 23.0 program (SPSS Inc., Armonk, NY, USA)
was used for the analysis of statistical data and two-tailed p
values <0.05 was defined as statistically significant. Contin-
uous variables were expressed as mean + SD or median with
25th and 75th percentile when appropriate. Student t-test or
Mann-Whitney U-test were used for continuous variables to
compare the statistical differences between groups. Categor-
ical variables were presented as number (percentage) and
analysed by X’ statistic test. Univariate and multivariate
logistic regression analyses were conducted. Univariate
and multivariate Cox regression analyses were conducted.
The event-free survival rates among groups of Lp(a)
>300 mg/L and Lp(a) <300 mg/L, and groups of tertiles

*
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Without complete clinical and
laboratory data

Severe heart failure

Valvular heart disease

Severe liver and renal insufficiency
Systematic inflammatory diseases
Malignant systematic diseases

of Lp(a) were estimated by the Kaplan-Meier method and
compared by the log rank test.

Results

Baseline Characteristics of Patients

The concentration of Lp(a) ranged from 1.68 to 1630.4 mg/L
(median concentration: 157.06 mg/L, interquartile range
from 68.55 to 369.47 mg/L) (Figure 2).

The median of the GS was 24. Gensini Score above the median
was defined high GS. Patients were divided into two groups
according to the results of GS: high GS group (n = 1,585) and low
GS group (n = 1,693). As is shown in Table 1, patients in high GS
group were older and had higher BMI. The median of Lp(a)
concentration was significantly higher in high GS group than
thatinlow GS group (168.97 vs. 149.75, p = 0.009). Moreover, the
incidence of Lp(a) >300 mg/L was statistically higherin high GS
group (33.1% vs. 29.2%, p = 0.018).

During the median follow-up of 37.23 months, a total of 215
(6.56%) events occurred: non-fatal myocardial infarction
(n=27), stoke (n=>54), unplanned revascularisation
(n=101) and all-cause death (n=33). As is indicated in
Table 2, the age in events group was statistically higher than
that in non-events group (59.37 +10.54 vs. 57.76 +£9.78,
p =0.02). The prevalence of HTN and DM was statistically
higher in events group. However, no difference of the Lp(a)
concentration was found between the events group and non-
events group.
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Figure 2 Distribution of lipoprotein(a) [Lp(a)] concentrations.

Table 1 Baseline clinical and biochemical data according to Gensini Score.

Variables High GS (>24) Low GS (<24) P

(n =1,585) (n=1,693)
Age (years) 58.22 +£10.12 57.53 +9.56 0.043
Male (n, %) 1,216 (76.7) 1,190 (70.3) <0.001
BMI (kg/m?2) 25.96 +3.13 25.75 4+ 3.19 0.065
HTN (n, %) 1,011 (63.8) 1,050 (62.0) 0.296
HL (n, %) 1,188 (75.0) 1,256 (74.2) 0.615
DM (n, %) 503 (31.7) 396 (23.4) <0.001
Family history of CAD (n, %) 245 (15.5) 277 (16.4) 0.480
Current smoker (n, %) 635 (40.1) 653 (38.6) 0.382
TC (mmol/L) 419+ 1.17 4.08 +1.02 0.005
LDL-C(mmol/L) 2.58 +0.97 2.48 +0.98 0.002
HDL-C (mmol/L) 0.98 (0.84-1.16) 1.02 (0.88-1.24) <0.001
TG (mmol/L) 1.57 (1.16-2.2) 1.52 (1.1-2.08) 0.019
Lp (a) (mg/L) 168.97 (71.12-387.66) 149.75 (66.47-349.66) 0.009
Lp (a) >300 mg/L (n, %) 524 (33.1) 495 (29.2) 0.018
HbA1C (%) 6.52 +£1.21 6.28 +1.02 <0.001
ESR (mm/h) 7.00 (3.00-15.00) 7.00 (2.00-12.00) <0.001
Hs-CRP (mg/L) 1.46 (0.73-3.12) 1.27(0.63-2.65) <0.001
Prior medication - -
Aspirin (n, %) 956 (60.3) 955 (56.4) 0.023
Statins (n, %) 912 (57.5) 898 (53.0) 0.010
[3-blockers (n, %) 551 (34.8) 522 (30.8) 0.017

Data were expressed as mean + SD, median with 25th and 75th percentile, n (%).
Abbreviations: GS, Gensini Score; BMI, body mass index; HTN, hypertension; HL, hyperlipidaemia; DM, diabetes mellitus; TC, total cholesterol; LDL-C, low
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; Lp(a), lipoprotein(a); HbA1C, haemoglobin Alc; ESR, erythrocyte

sedimentation rate; Hs-CRP, high sensitive C-reactive protein.
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Table 2 Comparison of clinical and biochemical characteristics among patients with events and without events.

Variables

Events

Age (years)

Male (n, %)

BMI (kg/m2)

HTN (n, %)

HL (n, %)

DM (n, %)

Family history of CAD (n, %)
Current smoker (n, %)
TC (mmol/L)

LDL-C (mmol/L)
HDL-C (mmol/L)

TG (mmol/L)

Lp (a) (mg/L)

Lp (a) >300 mg/L (n, %)
HbA1C (%)

ESR (mm/h)

Hs-CRP (mg/L)

Prior medication
Aspirin (n, %)

Statins (n, %)
B-blockers (n, %)

59.37 4+ 10.54
154 (71.6)
25.95+3.19

149 (69.3)

168 (78.1)

73 (34.0)

30 (14.0)

82 (38.1)

423 +1.12

2.52 +£0.94

1.01 (0.86-1.27)
1.62 (1.11-2.21)
143.9 (71.75-405.52)
67 (31.2)

6.59 £1.33

8.00 (4.00-16.00)
1.62 (0.82-3.04)
113 (52.6)

98 (45.6)

68 (31.6)

57.76 £ 9.78
2,252 (73.5)
25.84 £+ 3.16
1,912 (62.4)
2,276 (74.3)

826 (27.0)

492 (16.1)

1,206 (39.4)

413 £1.09

2.53 £0.98

1.00 (0.86-1.21)
1.55 (1.13-2.14)
158.6 (68.30-368.6)
952 (31.1)

6.38 +£1.10

7.00 (3.00-13.00)
1.34 (0.67-2.83)
1,798 (58.7)
1,712 (55.9)
1,005 (32.8)

Data were expressed as mean + SD, median with 25th and 75th percentile, n (%).

Abbreviations: BMI, body mass index; HTN, hypertension; HL, hyperlipidaemia; DM, diabetes mellitus; TC, total cholesterol; LDL-C, low density lipoprotein

cholesterol; HDL-C, high density lipoprotein cholesterol; TG, triglyceride; Lp(a), lipoprotein(a); HbA1C, haemoglobin Alc; ESR, erythrocyte sedimentation rate;

Hs-CRP, high sensitive C-reactive protein.

Table 3 Multivariate logistic regression analysis for high Gensini Score.

Variable

95% CI

Lg [Lp ()]

Lp(a) >300 mg/L

Lp(a) tertilel (reference)
Lp(a) tertile 2

Lp (a) tertile 3

Model 1
Model 2
Model 3
Model 4
Model 1
Model 2
Model 3
Model 4

Model 1
Model 2
Model 3
Model 4
Model 1
Model 2
Model 3
Model 4

1.062-1.408
1.083-1.446
1.044-1.398
1.005-1.349
1.048-1.412
1.080-1.464
1.051-1.427
1.028-1.401

0.876-1.228
0.877-1.238
0.855-1.209
0.821-1.165
1.076-1.511
1.104-1.560
1.058-1.501
1.010-1.438

Lp(a), lipoprotein(a); Lg [Lp (a)], lipoprotein(a) was log-transformed; OR, odds ratio; CI, confidence interval.

Model 1: Adjusted for age and male; Model 2: Model 1+hypertension, diabetes mellitus, current smoking, body mass index; Model 3: Model 2+ low density

lipoprotein cholesterol; Model 4: Model 3+ erythrocyte sedimentation rate, high sensitive C-reactive protein.
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Table 4 Multivariate Cox regression analysis for cardiovascular events.

Variable

Model 1
Model 2
Model 3
Model 4
Model 1
Model 2
Model 3
Model 4

LglLp (@]

Lp(a) >300 mg/L

Lp(a) tertilel (reference)
Lp(a) tertile 2 Model 1
Model 2
Model 3
Model 4
Model 1
Model 2
Model 3

Model 4

Lp(a) tertile 3

OR 95% CI P

0.990 0.753-1.301 0.942
1.036 0.782-1.372 0.804
1.040 0.783-1.381 0.787
1.018 0.764-1.356 0.905
0.968 0.724-1.295 0.828
1.021 0.761-1.372 0.888
1.024 0.761-1.377 0.876
1.023 0.759-1.377 0.883
0.989 0.716-1.367 0.947
0.981 0.704-1.368 0.912
0.983 0.704-1.371 0.918
0.936 0.668-1.311 0.700
0.884 0.634-1.233 0.468
0.930 0.664-1.304 0.676
0.933 0.663-1.311 0.688
0.907 0.644-1.278 0.577

Lp(a), lipoprotein(a); Lg [Lp (a)], lipoprotein(a) was log-transformed; OR, odds ratio; CI, confidence interval.

Model 1: Adjusted for age and male; Model 2: Model 1+hypertension, diabetes mellitus, current smoking, body mass index; Model 3: Model 2+ low density

lipoprotein cholesterol; Model 4: Model 3+ erythrocyte sedimentation rate, high sensitive C-reactive protein.

Logistic Regression Analysis for the
Relationship Between Lp(a) and Gensini
Score

After stepwise adjusted for age, male, HTN, DM, current
smoking, BMI, LDL-C, ESR and hs-CRP, elevated Lp(a) (odds
ratio: 1.164, 95% confidence interval: 1.005-1.349, p = 0.043),
Lp(a) >300 mg/L (odds ratio: 1.200, 95% confidence interval:
1.028-1.401, p = 0.021), and the highest tertile of Lp(a) (odds
ratio: 1.205, 95% confidence interval: 1.010-1.438, p = 0.038)
was statistically and significantly related to high GS (Table 3).

Cox Regression Analysis for the
Relationship Between Lp(a) and Events

Asis shown in Table 4, after adjustment for potential confound-
ers mentioned above, no relationship was found between con-
tinuous Lp(a) (odds ratio: 1.018, 95% confidence interval: 0.764—
1.356, p = 0.905), Lp(a) >300 mg/L (odds ratio: 1.023, 95% con-
fidence interval: 0.759-1.377, p = 0.883), or the highest tertile of
Lp(a) (odds ratio: 0.907, 95% confidence interval: 0.644-1.278,
p = 0.577) and events in the Cox regression analysis. In Figure 3,
the Kaplan-Meier analysis demonstrated no significant differ-
ences in the event-free survival rates between Lp(a) <300 mg/L
and Lp(a) >300 mg/L(p > 0.05) or tertiles of Lp(a).

Discussion

The current prospective study performed in a moderate
cohort of Chinese patients with stable CAD indicated that
Lp(a) was positively associated with the coronary severity

but not with cardiovascular events, which was in accordance
with several previous studies [9,12,14,20,21]. Although the
present study has several limitations, the data may provide
additional information concerning the role of Lp(a) in car-
diovascular disease due to the following features: Firstly, the
patients were all with stable CAD and the coronary severity
was evaluated by the GS system; secondly, we analysed the
predictive role of Lp(a) in patients with stable CAD using
multiple methods including continuous plasma Lp(a) levels,
Lp(a) >300 mg/L and Lp(a) tertiles on both the coronary
severity and clinical events. Finally, the results of the present
study were consistent with several large cohort studies [14],
suggesting that a further study may be needed to confirm the
relation of Lp(a) and future outcomes in stable CAD.
Many previous studies have demonstrated the association
of Lp(a) with the progression of atherosclerosis in the general
population. In one study performed in 14,583 individuals
who had a health check examination by using cardiac com-
puted tomography to estimate the coronary artery calcium
score (CACS) [22], the percentage of CACS >0, which had
been indicated as a useful marker of early atherosclerosis,
was significantly higher in the highest quartile of Lp(a)
concentration when compared with the lowest quartile of
Lp(a) concentration. In the multivariate logistic regression
analysis, after adjusting for potential confounders, the high-
est quartile of Lp(a) concentration was found to be positively
related to CACS. In addition, many studies have demon-
strated that Lp(a) is associated with the prevalence of CAD.
Kamstrup PR et al. [23] examined 9,330 individuals from the
general population and followed up for 10 years. They found
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Figure 3 The event-free survival analysis according to
lipoprotein(a) [Lp(a)] <300 mg/L and Lp(a) >300 mg/L
(A) and tertiles of Lp(a) (B) for cardiovascular events.

that Lp(a) stepwise increased the risk of the incidence of
myocardial infarction. And the study showed that a
10 mg/dL increase in the concentration of Lp(a) was associ-
ated with a multivariate adjustment hazard ratio of 1.09 for
myocardial infarction.

In the second prevention population, several studies have
been conducted to explore the relationship between Lp(a)
and the severity of coronary artery. Zorio E et al. [24] investi-
gated the value of Lp(a) on the severity of coronary lesions in
222 patients with CAD and found that severer coronary
lesion had higher percentage of Lp(a) >300 mg/L. The GS
method was not used in this study. Several studies evaluated
the coronary severity by using the GS system. One study
consecutively enrolled 490 individuals scheduled to undergo
coronary angiography, among whom 256 were CAD patients
[25]. The study indicated that there was a linear relationship

between Lp(a) concentration and GS. In addition, multivari-
ate stepwise linear regression analysis demonstrated that Lp
(a) was independently associated with GS. There is limited
understanding regarding the relationship in Chinese
patients. In addition, these studies were limited by a small
sample size. In 2016, Zhu L et al. [26] concluded that Lp(a)
was related to GS in 679 Chinese Han patients with CAD. Of
note, our present study was performed in a relatively large
cohort of Chinese patients. To our knowledge, our study was
with the largest sample size in estimating the relationship
between Lp(a) and cardiovascular diseases in Chinese Han
patients. The finding of the present study was in accordance
with previous studies that Lp(a) was positively correlated
with GS in patients with CAD. Additionally, the GS system
was conducted to strictly assess the coronary severity in the
present study.

Accordingly, although Lp(a) might be a useful risk marker
for the progression of atherosclerosis in the apparently
healthy individuals, the role of Lp(a) on cardiovascular out-
comes in patients with established CAD remained a separate
issue which had controversial results. Researchers hypoth-
esised that the value of Lp(a) on cardiovascular diseases may
be weaker in patients with established CAD than in the
general population [8,12]. In a meta-analysis with regard
to the relationship between Lp(a) and cardiac death and
non-fatal myocardial infarction among prospective studies
with at least one-year follow-up, they found that the risk ratio
for outcomes in the highest tertile of Lp(a) was 1.7 in the
general population while only 1.3 in patients with baseline
diseases mostly including CAD [8]. Undeniably, several pre-
vious studies have found that there is no association of Lp(a)
with cardiovascular events in the second prevention popu-
lation. JS Skinner et al. [13] studied 353 patients who firstly
underwent CABG in-hospital and were followed up for 5
years. They found that the Lp(a) concentration had no statis-
tical difference in patients with or without late major cardiac
events. And logistic regression analysis indicated that the
highest tertile of Lp(a) was not associated with cardiac
events. Recently, one study obtained data from 3,313 patients
with CAD in the Ludwigshafen Risk and Cardiovascular
Health (LURIC) study and then validated the findings in
five independent studies involving 10,195 patients with
established CAD [12]. This study investigated that the high-
est tertile of Lp(a) was significantly and positively associated
with the incidence of CAD along with the coronary severity,
however, not associated with future events in the multivari-
ate Cox regression analysis. Not surprisingly, in agreement
with this study, our present study also found the association
of Lp(a) with coronary severity but not with events.

The reasons for the disparity among studies were not
comprehensively understood. Several studies speculated
that the relationship between Lp(a) and cardiovascular
events may be affected by LDL-C concentration. One study
evaluated the relationship between Lp(a) and the progres-
sion of CAD in patients with established CAD after one year
intervention of low-diet and daily physical exercise [27]. The
findings were that the LDL-C concentration had been
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significantly lowered after intervention of diet and exercise,
and there was no association of Lp(a) with the progression of
cardiovascular disease in the second prevention population.
In 2004, O'Donoghue ML et al. [14] assessed the relationship
in 6,708 patients with established CAD and indicated that the
highest quintile of Lp(a) was statistically and positively cor-
related with events which included myocardial infarction,
stoke and cardiac death in patients with LDL-C concentration
over 3.4 mmol/L. However, in patients with lower concen-
trations of LDL-C, no relationship between Lp(a) and car-
diovascular events was found. In addition, in a recent study,
3,251 patients with prior CAD, DM or 10-year Framingham
cardiovascular disease risk >20% were enrolled and fol-
lowed up for over 22 years [15]. The study demonstrated
that, in patients with LDL-C <2.6 mmol/L, the highest tertile
of Lp(a) was not associated with cardiovascular events.
Therefore, the association of Lp(a) with cardiovascular
events may be significantly weakened by low LDL-C con-
centration. In our present study, the mean concentration of
LDL-C was less than 2.6 mmol/L, which may strengthen the
previous findings on the negative relationship between Lp(a)
and events. In addition, the characteristics of our present
study including the Chinese population with stable CAD,
moderate follow-up duration and sample size, relatively
well-controlled LDL-C may influence the predictive role of
Lp(a) in cardiovascular events.

The present study reported no differences of LDL-C as well
as HDL-C levels between the events group and non-events
group. It was not surprising because Table 2 shows the
proportion of statins before admission was significantly
higher in non-events group (55.9% vs. 45.6%, p =0.003).
The concentrations of LDL-C and HDL-C were evaluated
immediately after admission to our hospital which meant
that, to a large extent, the concentrations might be influenced
by use of statins before admission. The real differences of
LDL-C and HDL-C levels between events and non-events
group might be attenuated by statins used.

There were several limitations in the present study. Firstly,
the method we used in our study might be influenced by the
apo(a) sizes due to the variable numbers of the KIV type 2
domains. Variations of apo(a) sizes between assay calibrators
and patients” samples might overestimate or underestimate
the real concentrations of Lp(a). Secondly, data in the current
study was from a single-centre. Thirdly, although the sample
size was the largest in Chinese patients with stable CAD,
more studies with larger sample size and longer follow-up
duration are needed to demonstrate our findings.

In conclusion, the current study found that Lp(a) concen-
tration was significantly associated with the coronary sever-
ity, but not with events in Chinese patients with established
stable CAD.

Acknowledgements

The present study was partially supported by the Capital
Health Development Fund (201614035) and CAMS Major

Collaborative Innovation Project (2016-12M-1-011) awarded
to Dr. Jian-Jun Li, MD, PhD.

Conflict of Interest

None.

References

[1] Graham M]J, Viney N, Crooke R, Tsimikas S. Antisense inhibition of
apolipoprotein(a) to lower plasma lipoprotein(a) levels in humans. J
Lipid Res 2015.

[2] Kronenberg F. Human genetics and the causal role of lipoprotein(a) for
various diseases. Cardiovasc Drugs Ther 2016;1-14.

[3] Catena C, Novello M, Dotto L, De Marchi S, Sechi LA. Serum lipoprotein
(a) concentrations and alcohol consumption in hypertension: possible
relevance for cardiovascular damage. ] Hypertens 2003;21:281-8.

[4] Tsimikas S. The re-emergence of lipoprotein(a) in a broader clinical
arena. Prog Cardiovasc Dis 2016;59:135-44.

[5] Erqou S, Kaptoge S, Perry P, Di Angelantonio E, Thompson A, White I,
etal. Lipoprotein(a) concentration and the risk of coronary heart disease,
stroke, and nonvascular mortality. JAMA 2009;302:412-23.

[6] Kamstrup P, Tybjeerg-Hansen A, Nordestgaard B. Extreme lipoprotein(a)
levels and improved cardiovascular risk prediction. ] Am Coll Cardiol
2013;61:1146-56.

[7]1 Willeit P, Kiechl S, Kronenberg F, Witztum J, Santer P, Mayr M, et al.
Discrimination and net reclassification of cardiovascular risk with lipo-
protein(a): prospective 15-year outcomes in the Bruneck study. ] Am Coll
Cardiol 2014;64:851-60.

[8] Danesh J, Collins R, Peto R. Lipoprotein(a) and coronary heart disease:
meta-analysis of prospective studies. Circulation 2000;102:1082-5.

[9] Ashfaq F, Goel PK, Moorthy N, Sethi R, Khan MI, Idris MZ. Lipoprotein
(a) syntax score association with severity of coronary artery atheroscle-
rosis in north India. Sultan Qaboos Univ Med J 2012;12:465-72.

[10] Kardys I, Oemrawsingh R, Kay I, Jones G, McCormick S, Daemen J, et al.
Lipoprotein(a), interleukin-10, C-reactive protein, and 8-year outcome
after percutaneous coronary intervention. Clin Cardiol 2012;35:482-9.

[11] Tkenaga H, Ishihara M, Inoue I, Kawagoe T, Shimatani Y, Miura F,
et al. Usefulness of lipoprotein (a) for predicting progression of non-
culprit coronary lesions after acute myocardial infarction. Circ J
2011,75:2847-52.

[12] Zewinger S, Kleber ME, Tragante V, McCubrey RO, Schmidt AF, Direk K,
et al. Relations between lipoprotein(a) concentrations, LPA genetic var-
iants, and the risk of mortality in patients with established coronary heart
disease: a molecular and genetic association study. Lancet Diabetes
Endocrinol 2017;5:534-43.

[13] Skinner JS, Farrer M, Albers CJ, Piper K, Neil HA, Adams PC. Serum Lp
(a) lipoprotein concentration is not associated with clinical and angio-
graphic outcome five years after coronary artery bypass graft surgery.
Heart 1997;78:131-5.

[14] O’'Donoghue ML, Morrow DA, Tsimikas S, Sloan S, Ren AF, Hoffman EB,
et al. Lipoprotein(a) for risk assessment in patients with established
coronary artery disease. ] Am Coll Cardiol 2014;63:520-7.

[15] Zhao Y, Delaney JA, Quek RG, Gardin JM, Hirsch CH, Gandra SR, et al.
Cardiovascular disease, mortality risk, and healthcare costs by lipopro-
tein(a) levels according to low-density lipoprotein cholesterol levels in
older high-risk adults. Clin Cardiol 2016;39:413-20.

[16] Sandholzer C, Hallman DM, Saha N, Sigurdsson G, Lackner C, Csaszar
A, et al. Effects of the apolipoprotein(a) size polymorphism on the
lipoprotein(a) concentration in 7 ethnic groups. Human Genet
1991;86:607-14.

[17] Li S, Wu NQ, Zhu CG, Zhang Y, Guo YL, Gao Y, et al. Significance of
lipoprotein(a) levels in familial hypercholesterolemia and coronary
artery disease. Atherosclerosis 2017;260:67-74.

[18] Sun D, LiS, Zhao X, Wu NQ, Zhu CG, Guo YL, et al. Association between
lipoprotein (a) and proprotein convertase substilisin/kexin type 9 in
patients with heterozygous familial hypercholesterolemia: A case-con-
trol study. Metabolism 2018;79:33-41.


http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0005
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0010
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0010
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0015
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0020
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0020
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0025
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0030
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0035
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0040
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0045
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0050
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0055
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0060
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0065
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0070
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0075
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0080
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0085
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0090
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0090

Lp(a) and coronary severity or events in SCAD

1017

[19] Gensini GG. A more meaningful scoring system for determining the
severity of coronary heart disease. Am ] Cardiol 1983;51:606.

[20] Ornek E, Murat S, Duran M, Turfan M, Kurtul A, Demircelik MB, et al.
The relationship between lipoprotein(a) and coronary artery disease, as
well as its variable nature following myocardial infarction. Clin Invest
Med 2011;34:14.

[21] Li K, Yang X, Wang L, Chen M, Xu L, Yang X. Interaction between
vitamin d and lipoprotein (a) on the presence and extent of coronary
heart disease. Heart Lung Circ 2017.

[22] Sung KC, Wild SH, Byrne CD. Lipoprotein (a), metabolic syndrome and
coronary calcium score in a large occupational cohort. Nutr Metab
Cardiovasc Dis 2013;23:1239-46.

[23] Kamstrup PR, Benn M, Tybjaerg-Hansen A, Nordestgaard BG. Extreme
lipoprotein(a) levels and risk of myocardial infarction in the general popu-
lation: the Copenhagen City Heart study. Circulation 2008;117:176-84.

[24] Zorio E, Falco C, Arnau MA, Espana F, Osa A, Ramon LA, et al. Lipo-
protein (a) in young individuals as a marker of the presence of ischemic
heart disease and the severity of coronary lesions. Haematologica
2006;91:562-5.

[25] Moon Y, Kwon HM, Kwon SW, Yoon SJ, Kim JS, Lee ], et al. Lipoprotein
(a) and LDL particle size are related to the severity of coronary artery
disease. Cardiology 2007;108:282-9.

[26] Zhu L, Lu Z, Zhu L, Ouyang X, Yang Y, Feng Y, et al. Plasma lipoprotein
(a) levels are associated with the severity of coronaryheart disease in Han
Chinese people. Turk ] Med Sci 2016;46:1033—41.

[27] Marburger C, Hambrecht R, Niebauer J, Schoeppenthau M, Scheffler E,
Hauer K, et al. Association between lipoprotein(a) and progression of
coronary artery disease in middle-aged men. Am J Cardiol 1994;73:742—6.


http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0095
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0095
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0100
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0105
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0110
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0115
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0120
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0125
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0130
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0130
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0130
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0135
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0135
http://refhub.elsevier.com/S1443-9506(18)30696-6/sbref0135

	<?<?Plasma Lipoprotein(a) Concentration Is Associated With the Coronary Severity but Not With Events in Stable Coronary Artery Disease Patients: A Chinese Cohort Study
	Introduction
	Methods
	Study Population
	Laboratory Tests
	Gensini Score Assessment
	Follow-Up
	Statistical Analysis

	Results
	Baseline Characteristics of Patients
	[119_TD$DIFF][95_TD$DIFF]Logistic Regression Analysis for the Relationship Between Lp(a) and Gensini Score
	Cox Regression Analysis for the Relationship Between Lp(a) and Events

	Discussion
	Acknowledgements
	Conflict of Interest
	References


