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Abstract

Objective Low-density lipoprotein cholesterol (LDL-C) has been well known as the risk factor of
coronary artery disease (CAD). However, the role of lipoprotein (a) [Lp(a)] in the development of CAD is
of great interest but still controversial. Thus, we aim to explore the effect of Lp(a) on predicting the
presence and severity of CAD in Chinese untreated patients, especially in combination with LDL-C.

Methods We consecutively recruited 1,980 non-treated patients undergoing coronary angiography,
among which 1,162 patients were diagnosed with CAD. Gensini score (GS) was used to assess the
severity of CAD. Lp(a) was measured by immunoturbidimetric method.

Results Patients with CAD had higher level of LDL-C and Lp(a) compared with non-CAD (P < 0.05).
Multivariable logistic regression revealed that Lp(a) > 205 mg/L (highest tertile) predicted 1.437-fold risk
for CAD (95% CI: 1.108-1.865, P = 0.006) and 1.480-fold risk for high GS (95% CI: 1.090-2.009, P = 0.012)
respectively. Interestingly, concomitant elevated level of Lp(a) and LDL-C conferred the highest risk for
both presence [OR = 1.845, 95% ClI: 1.339-2.541, P < 0.001] and severity [OR = 1.736, 95% CI:

1.188-2.538, P = 0.004] of CAD.

Conclusion
especially combined with LDL-C.

Lipoprotein (a) is a useful marker for predicting the presence and severity of CAD,
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INTRODUCTION

genetically determined lipoprotein
particles with a LDL-like structure linked to
apolipoprotein (a) [apo(a)]m. Apart from the effect
similar to low-density lipoprotein cholesterol (LDL-C),

Lipoprotein (a) [Lp(a)] is a kind of mainly

the prothrombotic and proinflammatory effect of
Lp(a) also lead to its atherogenic property[2'4]. Large
epidemiological and genetic studies have suggested
that high level of Lp(a) was a risk factor for
atherosclerotic  cardiovascular  disease  (CVD)
including stable angina pectoris, myocardial
infarction, aortic stenosis, and stroke®™®. There is
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considerable ethnic heterogeneity in regard of
plasma Lp(a) concentrations. For Caucasians, the
cut-off value of significant risk was recommended as
50 mg/dL, whereas it is usually 30 mg/dL for Chinese
population considering the far lower level in
Chinese®'”.  Moreover, previous studies also
suggested that Lp(a) concentration and its LPA gene
variants were correlated with multivessel lesions of
coronary artery disease (CAD)[”]. However,
large-sample study with respect to the association of
Lp(a) level and severity of CAD were still few in
Chinese population.

Since there are limited therapeutic options
for lowering plasma Lp(a), the main strategy in
the clinical practice is focusing on other atherogenic
lipid profiles, especially LDL-C, which is still the
main  treatment target recommended by
guidelines“o’u]. Though LDL-C has been recognized
as one of the major risk factors for CAD, the residual
risk for CAD despite of intensive statin therapy
indicates the important role of other factors
including Lp(a)m]. Therefore, whether the
simultaneous elevations of Lp(a) and LDL-C will bring
higher risk for the presence and severity of CAD is
worth exploring.

Thus, in the current study we investigated the
role of Lp(a) in the presence and severity of CAD for
patients undergoing coronary angiography (CAG).
Besides, whether the predictive value of Lp(a) for
CAD was enhanced by the combination of LDL-C was
examined.

METHODS

Study Design and Population

This  cross-sectional  study consecutively
recruited patients admitted for diagnostic/
interventional CAG due to angina- like chest pain
and/or positive treadmill exercise test or suspicion of
CAD in the division of dyslipidemia of Fu Wai
Hospital from October 2012 to April 2017. Patients
were included if they met: 1) no use of statins or
other lipid lowering drugs for at least 3 months prior
to the study; 2) age > 18 years old; 3) with complete
medical records; 4) with Lp(a) level measurement.
Besides, patients with severe liver dysfunction
(alanine transaminase > 3 times upper normal limit),
severe renal dysfunction (plasma creatinine > 132
umol/L), familial hypercholesterolemia, acute
coronary syndrome, thyroid dysfunction, heart
failure (left ventricle ejection fraction < 45%),

infectious inflammatory diseases, autoimmune
disease, pregnancy and malignant tumor were
excluded. Finally, a total of 1,980 patients were
enrolled into the current study. The main
demographic and clinical data were obtained from
medical records.

Our study conducted according to the
Declaration of Helsinki and was approved by the
hospital’s ethical review board (Fu Wai Hospital &
National Center for Cardiovascular Diseases, Beijing,
China). Informed written consents were obtained
from all the participants.

Biochemical Measurements

Blood samples of all patients were collected
from cubital vein after fasting for at least 12 h upon
admission. All the biochemical measurements were
conducted in the clinical chemistry department of Fu
Wai hospital. The concentrations of the serum total
cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), and LDL-C were
measured using an enzymatic assay by automatic
biochemistry analyzer (Hitachi 7150, Tokyo, Japan),
while apoA, apolipoprotein (apoB) were measured
using a turbidimetric immunoassay. Lp(a) levels were
assayed by an immunoturbidimetry method
according to the manufacturer's guide as described
in our previous study[”], a latex turbidimetric
method [LASAY Lp(a) auto; SHIMA laboratories] with
its normal reference value less than 300 mg/L. Other
related biochemical and hematological indicators
were measured according to standard tests.

Evaluation of CAD

The diagnosis of CAD was defined as the
presence of coronary lesions 2 50% in at least one
major coronary artery assessed by CAG with the
analysis of at least two experienced interventional
physicians. What’s more, Gensini score (GS) was
used to assess the severity of coronary lesions™.
According to GS system, the narrowing was scored
as 1 point for 1%-25%, 2 for 26%-50%, 4 for
76%-90%, 16 for 91%-99%, and 32 for 100%
occluded artery. Then the score was multiplied
depending on the functional significance of each
segment: x 5.0 for left main coronary artery (LM), x
2.5 for proximal left anterior descending artery (LAD)
and proximal left circumflex artery (LCX), x 1.5 for
middle LAD, x 1.0 for distal LAD, mid-distal LCX and
right coronary artery (RCA), x 0.5 for residual major
segments.
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Statistical Analysis

Continuous variables were presented as mean *
standard deviation (SD) if normally distributed and
median (Q1-Q3 quartiles) otherwise, while
categorical variables were shown as number
(percentage). The  differences of  clinical
characteristics and biochemical parameters among
groups were assessed using Student’s t test,
Mann-Whitney U test or analysis of variance (ANOVA)
appropriately for continuous variables or x° test for
categorical ones. Univariable and multivariable
logistic regression analysis were performed to
determine the odds ratios (OR) and 95% confidential
interval (Cl) of Lp(a) for presence of CAD as well as
high GS, adjusted by potential confounding factors
such as male, age, smoke, diabetes mellitus (DM)
and hypertension (HT). A P < 0.05 was considered as
significantly different. The statistical analysis was
performed with SPSS version 21.0 software (SPSS
Inc., Chicago lllinois, USA).

RESULTS

Baseline Characteristics

The characteristics of the study population
according to CAD were shown in Table 1. A total of
1,980 patients were recruited including 1,162

patients with CAD (58.7%) and 818 patients without
CAD (41.3%) determined by CAG. The average age of
the patients with and without CAD was 58 + 10 and
53 + 11 years old respectively. There were more men
diagnosed with CAD than non-CAD group (69.5% vs.
48.9%, P < 0.001). Patients with CAD had significantly
higher prevalence of HT, DM, current smokers, and
alcohol drinkers. What’s more, the mean level of
Lp(a), LDL-C, non-HDL-C, apoB, and glucose were
significantly higher and levels of HDL-C, apoA were
significantly lower in the group of patients with CAD
compared to non-CAD group (all P < 0.05).

Lp(a) in Relation to Presence and Severity of CAD

Patients with CAD had significantly higher level
of Lp(a) than those without CAD (P = 0.037). Further,
patients with CAD (n = 1,162) were divided in to
three groups according to GS tertiles (Table 2). The
Lp(a) concentration was highest in the third tertile of
GS. On the other hand, when the study subjects
were classified into three groups according to Lp(a)
tertiles (Table 3), we found that patients with
highest tertile of Lp(a) [Lp(a) = 205.7 mg/L] also had
the highest GS. In addition, the group of the highest
tertile of Lp(a) showed more prevalence of CAD,
current smoking and higher level of TC, HDL-C, LDL-C,
non-HDL-C, and ApoB. Univariate and Multivariate
logistic regression analyses were used to explore the

Table 1. Baseline Characteristics of Study Population

Overall

Non-CAD CAD

Variables n=1,980 n=818 n=1,162 P-value
Age, year 56 +11 53+11 58 +10 <0.001
Men, n (%) 1,208 (61%) 400 (48.9%) 808 (69.5%) <0.001
HT, n (%) 1,097 (55.4%) 343 (41.9%) 754 (64.9%) <0.001
DM, n (%) 378 (19.1%) 84 (10.3%) 294 (25.3%) <0.001
Current smoking, n (%) 616 (31.1%) 196 (24%) 420 (36.1%) <0.001
Alcohol drinker, n (%) 355 (17.9%) 116 (14.2%) 239 (20.6%) <0.001
Family history of CVD, n (%) 446 (22.5%) 167 (20.4%) 279 (24%) 0.059
Glucose, mmol/L 5.59+1.52 5.26+1.19 5.82+1.68 <0.001
BMI, kg/(mz) 25.68 +3.47 25.36+3.62 25.90+3.35 0.001
TC, mmol/L 4.83+0.98 4.79 +£1.00 4.85+0.96 0.139
HDL-C, mmol/L 1.10+0.33 1.13+0.36 1.09+0.31 0.017
LDL-C, mmol/L 3.15+0.89 3.07+0.91 3.20+0.87 0.001
Non-HDL-C, mmol/L 3.72+0.93 3.66+0.94 3.77+0.92 0.015
Apo A, g/L 1.35+0.29 1.37+0.30 1.33+0.29 0.002
Apo B, g/L 1.03+0.25 1.00+0.25 1.05+0.25 <0.001
TG, mmol/L 1.57 (1.15-2.27) 1.53(1.12-2.21) 1.61 (1.16-2.30) 0.184
Lp(a), mg/L 121.02 (58.75-279.67) 110.59 (56.60-254.40)  129.95 (60.60-295.70) 0.037

Note. Data are expressed as mean + SD, median (25th-75th percentile) or n (%). Bold values indicate
statistical significance. CAD: coronary artery disease; HT: hypertension; DM: diabetes mellitus; BMI: body mass
index; TC: Total cholesterol; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; non-HDL-C: non-HDL cholesterol;
Apo A: apolipoprotein A; Apo B: apolipoprotein B; TG: Triglyceride; Lp(a): Lipoprotein (a).
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Table 2. Clinical Characteristics According to Gensini Score Tertiles in Patients with CAD

T1 T2 T3
Variables P-value
GS<14 GS 14-38 GS 238

Age, year 58 +10 58 +10 59+10 0.541
Men, n (%) 235 (60.3%) 276 (71.7%) 297 (76.7%) <0.001
HT, n (%) 246 (63.1%) 251 (65.2%) 257 (66.4%) 0.616
DM, n (%) 74 (19%) 98 (25.5%) 122 (31.5%) <0.001
Current smoking, n (%) 126 (32.3%) 140 (36.4%) 154 (39.8%) 0.008
Alcohol drinker, n (%) 83 (21.3%) 78 (20.3%) 78 (20.2%) 0.912
Family history of CVD, n (%) 87 (22.3%) 102 (26.5%) 90 (23.3%) 0.360
Glucose, mmol/L 5.69 +1.45 5.80+1.74 5.98 +1.82 0.054
BMI, kg/(mz) 25.81+3.26 25.83 +3.62 26.06 +3.17 0.540
TC, mmol/L 4.91+0.90 4.79+1.01 4.86 +0.96 0.201
HDL-C, mmol/L 1.15+0.35" 1.07£0.28 1.04£0.29 <0.001
LDL-C, mmol/L 3.21+0.79 3.13+0.91 3.27+£0.90 0.084
Non-HDL-C, mmol/L 3.76 +0.85 3.72+0.97 3.82+0.92 0.256
Apo A, g/L 1.39+0.30" 1.32+0.28 1.29+0.26 <0.001
Apo B, g/L 1.06 £0.25 1.04£0.26 1.06 £0.25 0.298
TG, mmol/L 1.54(1.10-2.23) 1.59(1.19-2.26) 1.67 (1.23-2.35) 0.146
Lp(a), mg/L 118.32 (56.51—260.60)* 133.58 (60.01-280.90) 144.54 (66.90-355.46) 0.042

Note. Data are expressed as mean + SD, median (25th-75th percentile) or n (%). Bold values indicate
statistical significance. CAD: coronary artery disease; HT: hypertension; DM: diabetes mellitus; BMI: body mass
index; TC: Total cholesterol; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; non-HDL-C: non-HDL cholesterol;
Apo A: apolipoprotein A; Apo B: apolipoprotein B; TG: Triglyceride; Lp(a): Lipoprotein (a).*P <0.05vs. T3, P<
0.05 vs. T2 and T3.

Table 3. Clinical Characteristics According to Lp(a) Tertiles of all Patients

T1 T2 T3

Variables P-value

<75.7 mg/L 75.7-205.7 mg/L 2205.7 mg/L

Age, year 55410 57+11 56+11 <0.001
Men, n (%) 440 (66.7%) 388 (58.8%) 380 (57.6%) 0.001
CAD, n (%) 366 (55.5%) 381 (57.7%) 415 (62.9%) 0.019
HT, n (%) 375 (56.8%) 351 (53.2%) 371 (56.2%) 0.363
DM, n (%) 125 (18.9%) 126 (19.1%) 127 (19.2%) 0.990
Current smoking, n (%) 237 (35.9%) 191 (28.9%) 188 (28.5%) 0.008
Alcohol drinker, n (%) 130 (19.7%) 119 (18.0%) 106 (16.1%) 0.226
Family history of CVD, n (%) 149 (22.6%) 147 (22.3%) 150 (22.7%) 0.980
Glucose, mmol/L 5.67 +1.66 5.59+1.41 5.52+1.48 0.224
BMI, kg/(m?) 26.00 +3.48" 25.79+3.57 25.24+3.32 <0.001
TC, mmol/L 4664095 4.83+0.98 4.99 +0.98 <0.001
HDL-C, mmol/L 1.07 +0.31 1.09£0.30° 1.15 +0.38 <0.001
LDL-C, mmol/L 2.93+0.85" 3.18+0.88 3.33+0.89 <0.001
Non-HDL-C, mmol/L 3.60+£091" 3.74£0.92 3.83+0.93 <0.001
Apo A, g/L 1.33+0.28 1.35+0.28 1.36 £+0.31 0.153
Apo B, g/L 0.98 +0.25 1.03+0.25 1.08 +0.26 <0.001
TG, mmol/L 1.71(1.19-2.60)" 1.57 (1.17-2.21)" 1.48 (1.09-2.06) <0.001
GS 8.00 (0.00-26.00)" 8.00 (0.00-30.00)" 12.50 (0.00-38.00) 0.001

Note. Data are expressed as mean + SD, median (25th-75th percentile) or n (%). Bold values indicate
statistical significance. CAD: coronary artery disease; HT: hypertension; DM: diabetes mellitus; BMI: body mass
index; TC: Total cholesterol; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; non-HDL-C: non-HDL cholesterol;
Apo A: apolipoprotein A; Apo B: apolipoprotein B; TG: Triglyceride; Lp(a): Lipoprotein (a); GS: gensini score.
'P<0.05vs. T3, P <0.05vs. T2 and T3.
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association of Lp(a) and CAD as shown in Figure 1.
After adjustment, patients with Lp(a) = 205.7 mg/L
had 1.437 (95% CI: 1.108-1.865, P = 0.006) and 1.480
(95% ClI: 1.090-2.009, P = 0.012) fold of risk for
presence and severity of CAD respectively comparing
with the lowest tertile.

Combination of Lp(a) and LDL-C in Predicting CAD
and its Severity

Although there was significantly increasing level
of LDL-C according to Lp(a) tertiles, there was no
high correlation of LDL-C with Lp(a) in patients with
CAD (r = 0.18, P < 0.001). Taking 3.36 mmol/L and
2.31 [Lp(a) = 205.7 mg/L] as cut-off value of LDL-C
and log Lp(a), the scatterplots showed that the
distribution of Lp(a) and LDL-C was not well
concordant (Figure 2). Only 15.6% of patients and
41.5% patients showed concomitantly high and low
level of Lp(a) and LDL-C respectively, while 42.9%
patients with discordant levels. So we explored the
influence of the four subgroups on the presence and
severity of CAD (Table 4). Compared with the

A Dependent variable
OR (95% Cl)

1.361 (1.092-1.696)
1.097 (0.882-1.364)
1 (reference)

1.183 (1.068-1.310)
0.717 (0.549-0.938)
1.232(0.992-1.530)
1.047 (1.019-1.075)
1.567 (1.230-1.997)
1.460 (1.317-1.618)
2.960 (2.278-3.845)
2.559 (2.129-3.076)
1.050 (1.040-1.059)
2.385 (1.981-2.871)

Lp(a) 2 205.7 mg/L
Lp(a) 75.7-205.7 mg/L
Lp(a) < 75.7 mg/L

: CAD
J:_‘_.
LDL-C o4
HDL-C
Family history of CAD
BMI
Alcohol drink i
Current smoking -
DM ey
HT ——
Age
Male —e—ri
1 2 3 4

0

Unadjusted odds ratio

Dependent variable: high GS
OR (95% Cl)
1.370 (1.016-1.846)
F 1.069 (0.784-1.458)
4 1 (reference)
1.137 (0.988-1.308)
HDL-C 0.439 (0.285-0.675)
Family history of CAD 0.940 (0.705-1.252)
BMI 1.021 (0.984-1.060)

Lp(a) 2 205.7 mg/L
Lp(a) 75.7-205.7 mg/L
Lp(a) < 75.7 mg/L
LDL-C

Alcohol drink 0.963 (0.711-1.303)
Current smoking 1.170 (1.024-1.337)
DM —— 1.614 (1.228-2.121)

T 1.106 (0.855-1.430)

Age 1.007 (0.995-1.020)

1.705 (1.290-2.253)

Male —e—
T T T T T

0 1 2 3 4
Unadjusted odds ratio

patients with both low level of LDL-C and Lp(a),
patients with sole high LDL-C, sole high Lp(a) and both
high level of LDL-C and Lp(a) had gradually increasing
risk for CAD (OR = 1.398, OR = 1.558, and OR = 1.845,
respectively, all P < 0.005). However, the predictive
value of LDL-C and Lp(a) was slightly different with
high GS. The subgroups with sole high Lp(a) and both
high level of LDL-C and Lp(a) had significantly
increased risk for high GS (OR = 1.563, OR = 1.736,
respectively, all P < 0.005). In any case, patients with
both high level of LDL-C and Lp(a) had the highest
risk for presence and severity of CAD.

DISCUSSION

Our study supported that high level of Lp(a) was
a useful marker for predicting the presence and
severity of CAD in untreated Chinese patients
undergoing CAG. More importantly, patients with both
elevated level of Lp(a) and LDL-C exerted the highest
risk, suggesting that more aggressive lipid- lowering
strategy might be needed for such kind of patients.

B Dependent variable: CAD

OR (95% ClI)

Lp(a)2205.7 mg/L  {—— 1.437 (1.108-1.865)
Lp(a) 75.7-205.7 mg/L  H— 1.055 (0.818-1.359)

Lp(a) < 75.7 mg/L i 1 (reference)
LDL-C 1 1.282 (1.134-1.449)
HDL-C + 0.696 (0.494-0.979)
BMI 4 1.012 (0.980-1.046)
Alcohol drink ~ +e+ 0.896 (0.668-1.203)
Current smoking kgl 1.224 (1.064-1.409)
DM E —— 2.283 (1.709-3.050)
HT 1 +— 2.035 (1.639-2.525)
Age 1.061 (1.049-1.073)
Male —— 3.091 (2.355-4.057)

0 1 2 3 4 5
Adjusted odds ratio

D
Dependent variable: high GS
OR (95% CI)

1.480 (1.090-2.009)
1.089 (0.794-1.494)

Lp(a) 2 205.7 mg/L e

Lp(a) 75.7-205.7 mg/L -

Lp(a) < 75.7 mg/L 1 (reference)

HDL-C =i 4 0.507 (0.325-0.790)
Current smoking e 1.031(0.881-1.206)
DM 4 —— 1.632 (1.236-2.154)
Male 1—— 1.544 (1.109-2.151)
0 1 2 3

Adjusted odds ratio

Figure 1. Analysis of Lp(a) as a risk factor for CAD (A, B) and high GS (C, D). Univariate (A, C) and
multivariate (B, D) logistic regression analyses were used. Bold values indicate statistical significance.
CAD: coronary artery disease; GS: gensini score; HT: hypertension; DM: diabetes mellitus; BMI: body
mass index; HDL-C: HDL cholesterol; LDL-C: LDL cholesterol; Lp(a): Lipoprotein (a).
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It has been demonstrated that Lp(a) is a reliable
predictor for the development of CAD™®*" A recent
large-scare meta-analysis conducted by Erqou et al.
included 36 prospective studies with 126,634
individuals and confirmed the modest but strong
risk for CVD caused by elevated Lp(a), especially
with a level of Lp(a) = 240 mg/L“g]. Similar results
were shown in Chinese study. Cai DP et al. conducted

4

234 (20.1%) 181 (15.6%)

w
T

Log Lp(a)
N

. 120.18 P<0.001

o

482 (41.5%) *
0 2 4 6 8
LDL-C (mmol/L)

265 (22.8%)

Figure 2. Distribution of Lp(a) and LDL-C in
patients with CAD. Lp(a) is logarithmically
transformed before analysis. Cut-off value of
LDL-C and log Lp(a) was 3.36 mmol/L and
2.31 [Lp(a) 205.7 mg/L] respectively.

a cross-sectional study including 3,462 CAD cases,
among which 1,304 patients were initial ischemic
heart disease™. They found that Lp(a) = 204 mg/L
lead to 1.586 fold risk of initial ischemic heart
disease compared to Lp(a) £ 28 mg/L. Consistent
with these reported studies, our data showed that
the highest tertile of Lp(a) [Lp(a) = 205.7 mg/L]
increased the risk for presence of CAD by 1.44 fold
compared to the lowest tertile significantly and
independently. Of note, since the Lp(a)
concentration is much lower in Chinese population
than the Caucasians which may be explained by the
LPA gene polymorphism across ethnics®, we
choose the highest tertile instead of 500 mg/L as
cut-off value. Interestingly, though the association of
Lp(a) with incidence of CAD has been proved from
different levels of evidence, the effect of Lp(a) on
the cardiovascular outcome is still controversial.
Recently Zewinger et al. recruited 3,313 patients
with established coronary heart disease with a
median follow-up of 9.9 years, finding that there was
no association between Lp(a) concentration as well
as genetic variants with mortalitym]. Nevertheless,
O'Donoghue et al. integrated three studies including
6,762 patients and found that the prognostic value of

Table 4. Predictive Value of Combination of Lp(a) and LDL-C for CAD and High GS

Models Low LDL-C + low Lp(a) High LDL-C + low Lp(a) Low LDL-C + High Lp(a) High LDL-C + High Lp(a)
CAD
Model1  OR 1 (reference) 1.200 (0.952-1.513) 1.353 (1.056-1.734) 1.419 (1.077-1.869)
P 0.122 0.017 0.013
Model2  OR 1 (reference) 1.372 (1.071-1.758) 1.467 (1.123-1.917) 1.672 (1.244-2.249)
P 0.012 0.005 0.001
Model3  OR 1 (reference) 1.398 (1.070-1.827) 1.558 (1.163-2.088) 1.845 (1.339-2.541)
P 0.014 0.003 <0.001
High GS
Model1  OR 1 (reference) 1.167 (0.846-1.610) 1.415 (1.018-1.965) 1.380 (0.963-1.976)
P 0.347 0.039 0.079
Model2  OR 1 (reference) 1.290 (0.930-1.790) 1.484 (1.064-2.071) 1.519 (1.054-2.189)
P 0.127 0.020 0.025
Model 3 OR 1 (reference) 1.360 (0.967-1.915) 1.563 (1.103-2.215) 1.736 (1.188-2.538)
P 0.077 0.012 0.004

Note. Multivariate logistic regression analyses were used. Bold values indicate statistical significance.
Model 1: unadjusted; Model 2: Age- and sex-adjusted; Model 3: fully adjusted for age, male, HT, DM, smoke,
drink, HDL-C, BMI and family history of CAD. CAD: coronary artery disease; Lp(a): Lipoprotein (a); LDL-C: LDL
cholesterol; GS: gensini score. The cut-off value of Lp(a) and LDL-C were 205.7 mg/L and 3.36 mmol/L,

respectively.
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Lp(a) for cardiovascular events was only certainly
significant when average LDL-C > 130 mg/dL (OR =
1.46, 95% Cl: 1.23-1.73, P < 0.001)*?. Furthermore,
role of Lp(a) in the manifestation of CAD deserved
concerning.

The relation of Lp(a) to the severity of CAD has
less been investigated and also limited by small
sample size” . From this point of view, our data
firstly ~ demonstrated that elevated Lp(a)
concentration was not only associated with the
presence of CAD but also the severity of CAD
assessed by GS using a large Chinese cohort who did
not receive lipid-lowering drugs. Interestingly,
previous studies indicated that Lp(a) was associated
with three-vessel and left main coronary lesions
while some did not®®. At least, the method for
assessing the severity of CAD in their study might
need supplements. Accordingly, in the present study,
we applied GS system for examining the relationship
between Lp(a) and the severity of CAD. As we
already know, GS is well recognized as a powerful
tool to reflect the severity of coronary lesions and
assess the cardiovascular outcome®”. Thereby, our
data with large sample size might provide additional
and more important information with regard to the
potential association of Lp(a) with the coronary
severity in patients with CAD.

Previous studies have suggested that high Lp(a)
is strongly associated with high LDL-C and their
interactions conferred greater risk in specific
populations including patients with premature acute
coronary syndrome and stent placementlza’zgl, while
the associations failed to be confirmed in general
populationBO]. But the role of this action in the
population group of stable CAD has less been
investigated. As the distribution of LDL-C and Lp(a)
was not well consistent in spite of a significant
correlation between them, we investigated the
contribution of concomitant high level of Lp(a) and
LDL-C to the risk of CAD and its severity, finding that
their synergistic effect represented the highest risk.
Moreover, we demonstrated that the high level of
Lp(a) still increased the risk for the presence and
severity of CAD when LDL-C was below 3.36 mmol/L.
Hence, we should also pay intensive attentions on
the management of Lp(a) and LDL-C lowering to the
individuals with high Lp(a) in spite of LDL-C < 3.36
mmol/L.

Although the role of Lp(a) in the development of
CAD is well recognized, there are few efficient
approaches to reduce Lp(a) in the routine clinical
practicem]. LDL-C is still no doubt the first target of

treatment. Fortunately, proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors and
lipoprotein apheresis are emerging available
interventions for lowering Lp(a). PCSK9 inhibitors,
which decrease the degradation of LDLR, could
reduce the Lp(a) level by 20%-30%"%. A recent study
reported that long-term lipoprotein apheresis
decreases major cardiovascular events in people
with Lp(a) hyperlipoproteinemiam]. Our current
study again verified that these intense treatments
were warranted for patients at high risk for CAD with
both high level of LDL-C and Lp(a).

Nevertheless, there were several limitations in
the present study. First, our study was a
cross-sectional study and further association
between Lp(a) and CAD should be explored by
prospective studies. Second, single center study may
be another limitation. Third, apo(a) isoforms were
not available in the present study to exclude the
influence of apo(a) isoform size heterogeneity.

In conclusion, in this sizable Chinese cohort study,
we enrolled 1,980 untreated patients undergoing
CAG and examined the relation of plasma Lp(a) level
to the severity of CAD and LDL-C. Data has suggested
that Lp(a) is strongly associated with the presence
and severity of CAD, especially combined with LDL-C
in Chinese patients. No doubt, our study added more
information into the area concerning the relation of
Lp(a) to CAD, indicating that more aggressive
lipid-lowering treatments may be needed for patients
with both high level of Lp(a) and LDL-C.
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