
Usefulness of Lipoprotein
 (a) for Predicting Outcomes
aCardiovas

and bCardiova

Tokyo, Japan

received and ac

See page 3

*Correspon

E-mail add

0002-9149/© 2

https://doi.org/
After Percutaneous Coronary Intervention for Stable
Angina Pectoris in Patients on Hemodialysis
Keiichi Hishikari, MDa,b,*, Hiroyuki Hikita, MDa, Hiroshi Yoshikawa, MDa, Fumiyuki Abe, MDa,
Shihoko Tsujihata, MDa, Naruhiko Ito, MDa, Yoshinori Kanno, MDa, Munehiro IIya, MDa,

Tadashi Murai, MDa, Atsushi Takahashi, MDa, Taishi Yonetsu, MDb, and Tetsuo Sasano, MDb
cula

scu

. M

cep

6 fo

din

ress

020

10.
Serum lipoprotein (a) level is genetically determined and remains consistent during a per-
son’s life. Previous studies have reported that people with high lipoprotein (a) level are at
a high risk of cardiac events. We investigated the association between lipoprotein (a) levels
and clinical outcomes after percutaneous coronary intervention (PCI) for stable angina
pectoris (SAP) in hemodialysis (HD) patients. Serum lipoprotein (a) levels were measured
on admission in 410 consecutive HD patients who underwent successful PCI for SAP.
Patients were divided into 2 groups: low and high group having lipoprotein (a) level
<40 mg/dL (n = 297) and 340 mg/dL (n = 113) respectively. After PCI, the incidence of
major adverse cardiac event (MACE) including cardiac death, nonfatal myocardial
infarction, necessity of a new coronary revascularization procedure (coronary bypass sur-
gery, repeat target lesion PCI, PCI for a new non-target lesion) was analyzed. At a median
follow-up of 24 months (12 to 37 months), MACE occurred in 188 patients (45.6%). The
rate of MACE rate was significantly higher in the high lipoprotein (a) group than in the
low lipoprotein (a) group (59.2% vs 40.7%, long-rank test chi-square = 12.3; p < 0.001).
Cox analysis showed that high lipoprotein (a) level (Hazard Ratio, 1.62; 95% Confidence
Interval, 1.19 to 2.20; p = 0.002) was an independent predictor for MACE after PCI. In
conclusion, high lipoprotein (a) level was associated with a higher incidence of MACE
after PCI for SAP in HD patients. © 2020 Elsevier Inc. All rights reserved. (Am J Car-
diol 2020;136:32−37)
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Hemodialysis (HD) patients have a significantly high
risk for atherosclerotic cardiovascular disease. This
increased risk is only partially explained by the various
traditional risk factors associated with HD.1−3 This has
prompted interest in investigating novel cardiovascular
risk factors, such as lipoprotein (a) (Lp[a]), which are
often elevated in patients on HD.4 Lp(a) is a choles-
terol-rich lipoprotein with structural similarities to
LDL5; however, it contains apoprotein(a), a glycoprotein
with sequence homology to plasminogen.6 Previous
studies showed that Lp(a) plays a causal role in the
development of atherosclerosis and is a potentially mod-
ifiable risk factor for various vascular diseases.7−10

However, the association between the serum level of Lp
(a) and clinical outcomes after percutaneous coronary
intervention (PCI) have not been completely evaluated
in HD patients with stable angina pectoris (SAP). This
study sought to determine if the preprocedural serum Lp
(a) level is a biomarker for clinical outcomes after PCI
in HD patients with SAP.
Methods

Data were collected from consecutive HD patients with
SAP who underwent PCI and had serum Lp(a) levels mea-
sured before the procedure at a single center (Yokosuka
Kyosai Hospital, Yokosuka, Japan). From January 2012 to
January 2017, a total of 410 consecutive HD patients (mean
age 71 years; 315 men) who underwent PCI were enrolled.
The institutional Review Board approved the study proto-
col, and patients provided written informed consent before
the intervention. The patients were stratified into 2 groups
based on the serum Lp(a) levels: low group <40 mg/dl
(n = 297) or high group 340 mg/dl (n = 113). The baseline
characteristics, lipid profiles, and characteristics of the
lesions are presented in Tables 1 and 2.

Laboratory measurements were performed on the day
before PCI. The time interval between the last meal and the
time the blood sample was drawn was >12 hours in all
patients. The plasma levels of total cholesterol, high-density
lipoprotein cholesterol, and triglycerides were measured
using a standard autoanalyzer in the hospital’s clinical labo-
ratory. The low-density lipoprotein (LDL) cholesterol level
was calculated based on the Friedewald formula. If the tri-
glyceride level was >400 mg/dl, the LDL cholesterol level
was determined using a direct assay. The serum Lp(a) level
was measured using a latex agglutination immunoassay
(SRL, Yokohama, Japan).

All patients were administered aspirin (100 mg/day) and
a thienopyridine (ticlopidine [200 mg/day], clopidogrel
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Table 1

Patient characteristics

Variable Total (n = 410) Lipoprotein (a) (mg/dl) p Value

(340) (n = 113) (<40) (n = 297)

Age (years) 70.8§8.8 71.2§9.9 70.6§8.3 0.55

Men 315 (76.8%) 87 (77.0%) 228 (76.8%) 0.54

Hypertension 296 (72.2%) 85 (75.2%) 211 (71.0%) 0.46

Dyslipidemia 151 (36.8%) 52 (46.0%) 99 (33.3%) 0.02

Diabetes mellitus 286 (69.8%) 81 (71.7%) 205 (69.0%) 0.63

HbA1c (%) 6.3§2.0 6.2§1.0 6.3§2.3 0.54

Old myocardial infarction 164 (40.0%) 57 (50.4%) 107 (36.0%) 0.009

LVEF (%) 54.7§12.7 53.0§13.0 55.4§12.5 0.09

BNP (pg/ml) 331 (158-711) 412 (201-768) 299 (140-676) 0.59

CRP (mg/dl) 0.24 (0.09-0.68) 0.22 (0.09-0.75) 0.26 (0.09-0.65) 0.66

Previous PCI 256 (62.4%) 71 (62.8%) 185 (62.2%) 1.00

Previous CABG 40 (9.8%) 12 (10.6%) 28 (9.4%) 0.71

Cerebrovascular disease 55 (13.4%) 15 (13.2%) 40 (13.5%) 1.00

Peripheral artery disease 198 (48.3%) 51 (45.1%) 147 (49.5%) 0.44

Lp(a) (mg/dl) 24 (12-42) 56 (45-85) 19 (10-27) <0.001
Total cholesterol (mg/dl) 140§36 137§29 142§38 0.21

HDL cholesterol (mg/dl) 43§12 43§11 43§13 0.54

LDL cholesterol (mg/dl) 71§27 68§22 73§30 0.16

Triglyceride (mg/dl) 116§77 111§73 118§78 0.42

Medication at follow-up

Aspirin 384 (93.7%) 109 (96.5%) 275 (92.6%) 0.18

Ticlopidine or clopidogrel 370 (90.2%) 103 (91.2%) 267 (89.9%) 0.85

DAPT therapy 364 (88.8%) 104 (92.0%) 260 (87.5%) 0.22

Statins 293 (71.5%) 89 (78.8%) 204 (68.7%) 0.05

ACE-I or ARB 167 (40.7%) 42 (37.2%) 125 (42.1%) 0.43

b-blocker 139 (33.9%) 50 (44.2%) 89 (30.0%) 0.007

Calcium antagonist 140 (34.1%) 37 (32.7%) 103 (34.7%) 0.73

Nicolandil 209 (51.0%) 65 (57.5%) 144 (48.5%) 0.12

Abbreviations: ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BNP = brain natriuretic peptide; CRP = C-reactive protein;

CABG = coronary artery bypass grafting; DAPT = dual anti-platelet therapy; HbA1c = hemoglobin A1c; HDL = high density lipoprotein; LDL = low density

lipoprotein; Lp(a) = lipoprotein (a); LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention.

Continuous data are presented as the means § standard deviation or median (first, third quartiles); categorical data are given as the counts (percentage).
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[75 mg/day], or prasugrel [3.75 mg/day]) at least 24 hours
before PCI. Glycoprotein IIb/IIIa receptor inhibitor is not
available in Japan and was not used in this study. All
patients received an intravenous bolus injection of 10,000
IU heparin and intracoronary nitroglycerin (0.2 mg) before
angiography, and an additional bolus of heparin 2000 IU
was administered every hour if the procedure lasted
>1 hour. PCI procedures were performed using a 6-F or 7-F
guiding catheter via the brachial or femoral approach. All
Table 2

Lesion characteristics

Total (n = 410) (3

Culprit coronary artery

LAD 165 (40.2%)

LCX 95 (23.2%)

Right 150 (36.6%)

Stent use 342 (83.4%)

Drug eluting stents 337 (82.2%)

Total stent length (mm) 26.1§16.3

Mean stent diameter (mm) 3.1§0.6

Abbreviations: LAD = left anterior descending artery; LCX = left circumflex art

Continuous data are presented as the means § standard deviation or median (fir
procedural and technical details and the choice of devices
were at the operators’ discretion. The success of the proce-
dure was defined as achievement of <25% residual angio-
graphic stenosis, with thrombolysis in myocardial infarction
3 antegrade flow in the target vessels. Coronary stent implan-
tation was performed with balloon predilation in all patients.
The balloon-to-artery ratio for predilation was 0.9 to 1.0 in
all patients as per the prespecified PCI protocol, although the
type of stent was used was at the operators’ discretion. To
Lipoprotein (a) (mg/dl) p Value

40) (n = 113) (<40) (n = 297)

43 (38.1%) 122 (41.1%) 0.65

31 (27.4%) 64 (21.5%) 0.24

39 (34.5%) 111 (37.4%) 0.65

95 (84.1%) 247 (83.2%) 0.88

93 (82.3%) 244 (82.2%) 1.0

24.8§ 14.2 26.6§17.0 0.35

3.1§ 0.4 3.1§0.6 0.81

ery; RCA = right coronary artery.

st, third quartiles); categorical data are given as the counts (percentage).
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avoid aggressive stent expansion, the stent size was decided
using a combination of online quantitative coronary angiog-
raphy and intravascular ultrasound in all cases. After achiev-
ing an angiographic end point, intravascular ultrasound was
performed to confirm optimal stent deployment, and an addi-
tional PCI procedure was performed for suboptimal results.
After the procedure, all patients were prescribed aspirin to
be taken for life and prolonged treatment with either ticlopi-
dine, clopidogrel, or prasugrel was recommended for at least
1 year.

Patients were followed up for the occurrence of major
adverse cardiac event (MACE) including cardiac death,
nonfatal myocardial infarction (MI), necessity of a new cor-
onary revascularization procedure (coronary bypass sur-
gery, repeat target lesion PCI, PCI for a new nontarget
lesion). Target lesion revascularization (TLR) was defined
as revascularization for a stenosis within the stent or within
5 mm adjacent to the stent. Restenosis during the follow-up
was assessed with routine coronary angiography 9 months
after PCI and clinical examination 1 month after PCI, and
every 3 months thereafter. Cardiac death was defined as
any death proceeded by acute mitral regurgitation, decom-
pensated heart failure, ventricular arrhythmia, new acute
MI or death preceded by mechanical complications of MI.
MI was defined using the third universal definition of MI.11

Revascularization was defined as repeat revascularization
for ischemic symptoms and events by PCI or surgery. Clini-
cal end points were determined by the blinded assessment
of hospital records.

Categorical data were expressed as absolute frequencies
(percentages) and were compared using the chi-square or
Fisher exact test, as appropriate. Continuous variables were
expressed as the means § standard deviations if they were
normally distributed and as medians with the interquartile
ranges (IQR) if they were not nonparametric; they were
compared using the Student t test or the Mann-Whitney U
test, respectively. Normality of the data was verified using
the Kolmogorov-Smirnov test. The threshold of 40 mg/dl
for stratification was selected because it was the cutoff point
for progression of coronary artery disease (CAD) and
peripheral artery disease in previous studies.8,12 Primary
patency of the PCI and cumulative ratios of MACE after
PCI were estimated using the Kaplan-Meier method; the
survival curves were compared using the Mantel-Cox test.
Univariate Cox regression analysis of clinical variables was
used to identify predictors of MACE during the follow-up;
outcomes were reported as the hazard ratio with the 95%
confidence interval. All variables achieving p < 0.1 in the
Table 3

Major adverse cardiac events after percutaneous coronary intervention

Variable Total (n = 410)

(340)

TLR 55 (13.4%) 12 (

Non-TLR 82 (20.0%) 31 (

Nonfatal MI 20 (4.9%) 11 (

Cardiac death 31 (7.6%) 13 (

Cumulative event 188 (45.6%) 67 (

Abbreviations: MI = myocardial infarction; TLR = target lesion revascularizatio

Data are presented as the counts (percentages).
univariate analysis were entered into a multivariate Cox
regression model. p < 0.05 indicated statistical significance
for all analyses. Data were analyzed using IBM SPSS soft-
ware (version 26.0; IBM Corporation, Armonk, New
York).
Results

In all, 410 patients on HD who underwent PCI for SAP
were enrolled in this study. All patients received optimal
medical therapy whereas they were hospitalized, on dis-
charge from the hospital, and during the follow-up. Table 1
lists the baseline characteristics, laboratory findings, and
medication at follow-up of the overall study population.
Mean age was 70.8 § 8.8 years, and 315 (76.8%) were
men. There were 296 (72.2%) patients who had a history of
hypertension and 286 (69.8%) had diabetes mellitus (DM).
The prevalence of dyslipidemia and old myocardial infarc-
tion was significantly higher in the high Lp(a) group than in
the low Lp(a) group. Age, gender, the prevalence of hyper-
tension and DM were comparable between the 2 groups.
There were no significant differences in the past medical
histories, hemoglobin A1c levels, brain natriuretic peptide,
C-reactive protein, and left ventricular ejection fraction on
admission between the 2 groups. No significant differences
were observed between the low and high Lp(a) groups in
terms of the current medication except the use of b-blocker
at follow-up. The median Lp(a) level was 19 mg/dl (IQR
10, 27) in the low Lp(a) group and 56 mg/dl (IQR 45, 85) in
the high Lp(a) group. Baseline serum lipid levels were com-
parable between the 2 groups. No significant differences
were observed between the low and high Lp(a) groups with
respect to the characteristics of the lesions (Table 2).

All patients completed the follow-up assessments. Dur-
ing a median follow-up of 24 months (IQR 12, 37), the
cumulative rate of MACE including cardiac death, nonfatal
MI, and necessity of a new coronary revascularization pro-
cedure was 45.6% (Table 3). No statistically significant dif-
ferences were observed in the TLR rates between the low
and high Lp(a) groups; however, the revascularization rates
for new de novo lesions and the occurrence of nonfatal MI
were significantly higher in the high Lp(a) group than in the
low Lp(a) group (p < 0.05 for both). The cumulative rates
of MACE events were about 1.5 times higher in the high Lp
(a) group than in the low Lp(a) group.

Kaplan-Meier survival analysis showed that there were
no significant differences in the primary patency rates
between the high and low Lp(a) groups (Figure 1).
Lipoprotein (a) (mg/dl) p Value

(n = 113) (<40) (n = 297)

10.6%) 43 (14.5%) 0.335

27.4%) 51 (17.2%) 0.027

9.7%) 9 (3.0%) 0.008

11.5%) 18 (6.1%) 0.092

59.2%) 121 (40.7%) <0.001

n.
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Figure 1. Primary patency rates after percutaneous coronary intervention.

There were no significant differences in the primary patency rates between

the high and low Lp(a) groups (89.4% vs 85.5%, long-rank test chi-

square = 0.01; p = 0.92).

Figure 2. Cumulative risk of major adverse cardiac events after percutane-

ous coronary intervention. The cumulative rate of MACE events was sig-

nificantly higher in the high Lp(a) than in the low Lp(a) group (59.2% vs

40.7%, long-rank test chi-square = 12.3; p < 0.001).
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However, the cumulative rate of MACE events was signifi-
cantly higher in the high Lp(a) than in the low Lp(a) group
(Figure 2).

Univariate analysis showed that several clinicopatholog-
ical parameters, including DM, dyslipidemia, old myocar-
dial infarction, left ventricular ejection fraction, brain
natriuretic peptide, the use of b-blocker, and serum Lp(a)
level, were significantly associated with MACE in patients
with HD who underwent PCI for SAP (Table 4). Multivari-
ate regression analysis showed that serum Lp(a) level 340
mg/dl (hazard ratio 1.62, 95% confidence interval 1.19 to
2.20, p = 0.002) was a significant independent predictor for
MACE after PCI (Table 4).
Discussion

To the best of our knowledge, this is the first study to
analyze the association between Lp(a) levels and long-term
Table 4

Analysis of factors related to major adverse cardiac events after percutaneous coro

Variable Univariate Cox regression

p Value HR 9

Age 0.144 0.988 0.9

Men 0.285 1.212 0.8

Diabetes mellitus 0.016 1.513 1.0

Hypertension 0.990 0.998 0.7

Dyslipidemia 0.017 1.423 1.0

Old myocardial infarction 0.001 1.641 1.2

Peripheral artery disease 0.373 0.877 0.6

Cerebrovascular disease 0.898 1.027 0.6

LVEF (%) 0.011 0.986 0.9

BNP (pg/ml) 0.005 1.000 1.0

Lp(a)340mg/dl 0.001 1.697 1.2

Statin 0.177 1.265 0.8

B-blocker 0.046 0.727 0.5

Abbreviations: BNP = brain natriuretic peptide; CI = confidence interval; HR

fraction.
MACE in patients on HD undergoing PCI for SAP. We
confirmed that high serum Lp(a) levels in these patients are
associated with an increased risk of MACE after PCI. The
main findings of the study are1 a serum Lp(a) level 340
mg/dl was associated with an increased risk of MACE, MI,
and the need for revascularization of new de novo lesions;2

after adjustment for the standard risk factors, serum Lp(a)
level340 mg/dl was an independent predictor of MACE in
patients on HD undergoing PCI for SAP. Although previous
studies reported that higher serum Lp(a) levels were associ-
ated with poor clinical outcomes in CAD patients with
DM and chronic kidney disease except those on HD after
PCI,13−15 the association between serum Lp(a) levels and
clinical outcomes in patients on HD undergoing PCI for
SAP is yet unclear.

Lp(a) is a modified form of LDL in which the large gly-
coprotein apolipoprotein(a) is covalently bound to apolipo-
protein B by a disulfide bridge.16 The serum Lp(a) level is
nary intervention

Multivariate Cox regression

5% CI p Value HR 95% CI

72-1.004

52-1.726

82-2.117 0.034 1.440 1.027-2.020

24-1.375

66-1.901 0.008 1.502 1.113-2.026

31-2.188 0.005 1.559 1.144-2.125

58-1.170

83-1.545

75-0.997 0.578 0.996 0.984-1.009

00-1.000 0.061 1.000 1.000-1.000

58-2.288 0.002 1.619 1.193-2.198

99-1.779

32-0.994 0.024 0.690 0.500-0.953

= hazard ratio; Lp(a) = lipoprotein (a); LVEF = left ventricular ejection
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increasingly being used as a predictive biomarker in
patients with CAD.17,18 For primary prevention of CAD in
patients on HD, several studies found high serum levels of
Lp(a) were associated with an increased risk for CAD and
cardiovascular diseases.19, 20 However, there are no reports
of Lp(a) about secondary prevention of cardiovascular dis-
ease in patients on HD with CAD after PCI. In addition,
patients on HD have been shown to have increased Lp(a)
levels compared to healthy controls and early stage chronic
kidney disease .21,22

Lp(a) levels are genetically determined by the variation
of the copy number of kringle IV type 2 repeats on the LPA
gene and various single nucleotide polymorphisms.23 The
pathophysiological role of Lp(a) in CAD progression has
not been fully determined. However, several mechanisms
of Lp(a) participation in atherogenesis have been proposed.
Lp(a) promotes the expression of a plethora of proinflam-
matory cytokines and chemokines, and induces the endo-
thelium to switch to an activated state, resulting in the
expression of adhesion molecules and inflammatory cell
invasion into the arterial wall. The detrimental combination
of inflammation and Lp(a) might interfere with the physio-
logic endothelial repair response, further amplifying the
loss of integrity and protective functions of endothelium.24

Lp(a) potentially constitutes a molecular link between the
processes of atherosclerosis and thrombosis that together
precipitate events such as MI. In addition, its similarity to
plasminogen, might cause thrombosis by inhibition of fibri-
nolysis.25 These mechanisms might explain the results of
our study.

Higher serum Lp(a) levels might not represent the desta-
bilization of the lesion that is specifically targeted by PCI;
however, it might represent all atherosclerotic plaques in
patients on HD. The main reason for TLR is the prolifera-
tion of smooth muscle cells and fibroatheroma, which is
thought to be inhibited by the metallic scaffold of the drug-
eluting stent. However, serum Lp(a) promotes smooth mus-
cle cell proliferation and migration in the atherosclerotic
lesions by inactivating transforming growth factor-b.26

Thus, high Lp(a) levels might not be associated with the
restenosis that drives TLR but with the progression of new
de novo lesions.

We propose that the serum Lp(a) level should be mea-
sured in patients on HD who develop SAP; higher levels
should prompt further diagnostic action and therapeutic
interventions to decrease the Lp(a) levels, thereby improv-
ing the clinical outcomes for these patients. However, the
treatment of elevated Lp(a) is challenging since there is no
ideal treatment for lowering the elevated Lp(a). Recently
approved proprotein convertase subtilisin/kexin type 9
inhibitors, which elevate the LDL receptor levels by inhibit-
ing its degradation, have been reported to lower Lp(a) lev-
els by as much as 30%, with the extent of Lp(a) lowering
correlating with the LDL reduction.27,28 Another option
could be mipomersen, an apoB inhibitor, which leads to the
reduction of Lp(a) about 30%.29 Another emerging option
could be antisense oligonucleotide targeted to apolipopro-
tein(a).30 Larger clinical trials of these agents or studies
focused on SAP in patients on HD who have high Lp(a) lev-
els are necessary to investigate the effect of Lp(a)-targeted
lipid-lowering therapy and the resultant clinical outcomes.
Our findings suggest the serum Lp(a) level predicts sec-
ondary vascular events in patients on HD with SAP after
PCI. Measurement of serum Lp(a) level could provide use-
ful information for the overall vascular management and
might lead to adjunctive therapies after PCI.
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