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Background: Previous studies have shown inconsistent results on the association between baseline
plasma Lipoprotein (a) [Lp(a)] levels and in-stent restenosis (ISR) after coronary stenting.
Objective: We conducted a meta-analysis of observational studies to assess the association between
baseline Lp(a) levels and the restenosis after successful coronary stenting.
Methods: We searched for studies without language restriction in PubMed, Embase, Cochrane library,
Ovid library database prior to October 2012. Random-effects method was applied to estimate the pooled
standard mean difference (SMD). Heterogeneity, sensitivity and subgroup analysis were used to evaluate
the results. Meta-regression analysis was employed to investigate sources of heterogeneity.
Results: 9 cohort studies including 1834 patients (600 ISR and 1234 no-ISR patients) were eligible for our
analysis. Overall, we found signiﬁcantly elevated baseline Lp(a) levels in ISR (in-stent restenosis) patients
(SMD ¼ 0.42, 95% CI: 0.14e0.71, P ¼ 0.003). High heterogeneity existed between the individual studies
(P < 0.001, I2 ¼ 86.9%). The association was stronger in the Asian population than the overall association
found. Further, similar observations were made in the subgroup with drug-eluting stent and the group in
which Lp(a) was assayed by immunoturbidimetry. Multivariable regression analysis suggested that
ethnicity was the major source of heterogeneity in the data (P ¼ 0.036).
Conclusions: Our meta-analysis suggests that signiﬁcantly elevated baseline plasma Lp(a) level is associated with ISR. The Lp(a) level appears to be a good predictor of ISR, especially in the Asian population or
patients who received drug-eluting stent implantation. Further research is warranted to evaluate the
association by taking the ethnicity and type of stent into account.
Ó 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Percutaneous coronary intervention (PCI) with stent implantation is a major and powerful strategy to treat coronary artery
disease (CAD). Although drug-eluting stent (DES) has been gradually replacing the bare metal stent (BMS) in the recent clinical
practice, the problem of in-stent restenosis, a serious complication
Abbreviations: Lp(a), lipoprotein (a); ISR, in-stent restenosis; PCI, percutaneous
coronary intervention; DES, drug-eluting stent; BMS, bare metal stent; CAD, coronary artery disease; SMD, standard mean difference; 95% CI, 95% conﬁdence interval; SD, standard deviation.
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after successful coronary stent implantation, remains unresolved
[1e3]. The common pathogenic mechanism of ISR is neointimal
hyperplasia and extracellular matrix synthesis at the site of stent
implantation after PCI [4e6].
Lipoprotein (a) [Lp(a)] is a large low-density lipoprotein (LDL)like particle, which contains apolipoprotein (a). It plays a role in
lipid metabolism and the coagulation and ﬁbrinolytic systems and
takes part in the stimulation of smooth muscle cell proliferation
[7,8]. Previous studies demonstrated that Lp(a) is a potential risk
factor for atherosclerosis and thrombosis. Elevated plasma Lp(a)
level has been identiﬁed as an independent risk factor causally
associated with myocardial infarction [9].
A number of previous studies have explored the association
between plasma Lp(a) levels and the risk of restenosis after PCI
with stent implantation and found the baseline plasma Lp(a) level
to be an independent predictor of stent restenosis. However, other
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studies reported inconsistent results: Some of them failed to detect
any association between Lp(a) levels and ISR after stent implantation [10,11]. The inconsistent results may be due to small sample
size, the diverse ethnicities and the implanted stent types. Therefore, by using meta-analysis, we sought to evaluate the relationship
between baseline Lp(a) levels and the ISR after PCI with stent
implantation.
2. Material and methods
2.1. Search strategy and study selection
In order to ﬁnd all the studies which examined the association
between plasma Lp(a) levels and the ISR after PCI, we conducted
a meta-analysis according to the guidelines of Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) [12]. We
searched Cochrane clinical trials database, Medline (PubMed),
Embase, Chinese Biomedical Database (CBM) and Chinese National
Knowledge Infrastructure (CNKI), Ovid library database for publications and conference abstracts prior to October 20th, 2012, using
following search terms: “Lipoprotein a” or “Lp(a)” or “Lipoprotein(a)”,
“stent” and “restenosis”. The search was not limited by language or
publication status. We searched the references of all retrieved
publications and conference proceedings again to trace additional
relevant studies. In cases of multiple publications of the same or
overlapping data, we selected the most recent ones with the largest
number of subjects. Potentially relevant articles were then screened
by at least two independent reviewers; disagreements were resolved
by discussion or upon consensus from the third reviewer.
2.2. Inclusion and exclusion criteria
Studies that we identiﬁed should meet the following criteria: (1)
the study design must be a cohort study in human beings [13]; (2)
the study must have investigated the association between plasma
Lp(a) at the base level and the ISR after stent implantation; (3) the
study must have provided sufﬁcient information about Lp(a) level
in the patients with in-stent restenosis (ISR group) and without
in-stent restenosis (no-ISR group). (4) The end point of the study
should be angiographic restenosis which was deﬁned as 50%
diameter stenosis of the culprit lesion by quantitative coronary
analysis. (5) The follow-up duration must be at least 6 months. The
exclusion criteria were: laboratory studies, review articles, animal
studies, studies which had not deﬁned ISR clearly or provided
insufﬁcient information of ISR, studies which lacked of plasma
Lp(a) level data and the follow-up period was shorter than 6
months.
2.3. Data extraction and quality determination
The extracted data included: (1) ﬁrst author’s last name, the
publication year, origin of the studied population; (2) characteristics of the study population (age, diagnoses), methods of Lp(a)
assay, stents types, period of follow-up); (3) endpoint evaluations
(deﬁnitions of ISR and methods of ISR detection); (4) number of
patients in ISR group and no ISR group; (5) average levels of Lp(a) at
baseline (mean  SD). Observational studies have varying quality
scoring because of inherent biases and differences in study designs.
Instead of providing aggregate scores, we assessed the quality of
individual studies by reporting the key components of study designs in accordance with guidelines of the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) group [14]. Two
blinded reviewers independently performed data extraction. Disagreements between the reviewers were resolved through discussion or by the third reviewer.
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2.4. Statistical analysis
Software STATA version 11.0 (Stata Corporation, College Station,
TX, USA) was used for all analyses. To accommodate differences in
the ways in which Lp(a) was measured and reported in various
studies, the absolute Lp(a) levels were converted into a common
unit by calculating weighted-effect sizes. These effect sizes or called
standard mean differences (SMD) were derived by dividing the
mean difference of Lp(a) levels in ISR and no-ISR groups of each
study by their SD. We used SMD and corresponding 95% CI to
evaluate the estimates of the association between Lp(a) levels
and ISR. By assuming that studies are taken from populations
with varying effect sizes, we used the random-effects method of
DerSimonian and Laird [15].
We assessed the heterogeneity between studies in meta-analysis
by the Cochran Q test, and considered P values lower than 0.10 as
an indicator of signiﬁcant heterogeneity because of the low statistical power. We also calculated the inconsistency index I2 to
quantify heterogeneity. I2 was documented for the percentage of
the observed variation between studies which was caused by heterogeneity rather by chance. Generally, we considered I2 values
lower than 25% as an indicator of mild heterogeneity, I2 values between 25% and 50% correspond to moderate heterogeneity, and I2
values higher than 50% correspond to large heterogeneity [16].
In addition to exploring sources of heterogeneity, we performed
sensitivity test and subgroup analyses. When unexpected heterogeneity was present, sensitivity analyses were performed to assess
robustness and examine the results for possible bias. Subgroup
analyses were carried out to look at more narrowly drawn subsets
of the studies. Furthermore, we applied meta-regression analysis to
estimate the extent to which one or more covariates explain heterogeneity. We used the method of moment-base to estimate the
variance among studies in the regression analysis [17]. The metaregression analysis was performed in two steps. First, all of the
variables were examined in univariate regression. Second, variables
which show statistical signiﬁcance in the former step were further
analyzed in multivariate regression.
To investigate whether publication bias might affect the validity
of the estimates, funnel plots were constructed. An asymmetric plot
suggests a possible publication bias. Funnel plot asymmetry was
assessed by the method of Egger’s linear regression test. It applies
linear regression approach to measure funnel plot asymmetry by
determining whether the intercept deviates signiﬁcantly from zero
in a regression of the standardized effect estimates against their
precision [18]. We employed Begg’s test as well to assess the publication bias. This test used the rank correlation to investigate the
relationship between standardized effect size and sample size or
variance in effect size [19]. P values lower than 0.10 were considered to indicate signiﬁcant publication bias due to a low statistical
power caused by a limited number of studies.
3. Results
3.1. The studies included and overall analysis
The primary literature search retrieved 71 records; 12 records
were excluded because of duplication. The remaining 59 records
were screening by the titles and abstracts; 34 studies were excluded because they were laboratory studies, review articles, or
studies which did not deﬁne ISR clearly. Among the remaining 25
eligible studies, nine studies did not report the value of plasma
Lp(a) levels at the baseline in the ISR or no-ISR group; ﬁve studies
were randomized control trials that evaluated the effect of drug
interventions on ISR after PCI with stent implantation but did not
present the value of plasma Lp(a) levels in ISR or no-ISR group; one
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focused on the receptor of Lp(a) instead of Lp(a) itself [20]; Two
studies [21,22] had overlapping study populations, and we excluded the older one with a smaller sample size. Finally, a total of 9
cohort studies including 1834 patients were eligible for our metaanalysis [9,21,23e29]. There were 600 patients in the ISR group
and 1234 in the no-ISR group. Fig. 1 provides a ﬂow summary of our
selection process.
Table 1 summarizes the characteristics of the 9 eligible studies,
and Table 2 presents the quality of the included studies. In order to
measure Lp(a) levels, ﬁve studies used an ELISA assay [9,21,24e26],
three studies employed immunoturbidimetry assay, and one study
used a nephelometric assay [23]. Six studies focused on Asian
ethnicity [9,24,25,27e29] and the remaining three on Caucasian
ethnicity [21,23,26]. Two studies monitored the Lp(a) levels in patients after DES implantation [24,28], six studies [21,23e27] in BMS
treated patients, and one study did not specify the stent type they
used [9].
Overall, baseline plasma Lp(a) levels were signiﬁcantly associated with ISR after stent implantation compared to the no-ISR
group (SMD ¼ 0.42, 95% CI: 0.14e0.71, P ¼ 0.003). Plasma Lp(a)
levels were signiﬁcantly higher in patients with ISR compared to
patients without ISR (Fig. 2). Cochran Q test showed high heterogeneity between the individual studies (P < 0.001, I2 ¼ 86.9%).

4. Sensitivity and subgroup analysis
In the sensitivity analysis, the inﬂuence of each study on the
pooled SMD was examined by repeating the meta-analysis while
sequentially omitting each study. The summary estimates for the
remaining studies were all statistically signiﬁcant, in agreement
with the main results (data not shown).
We next performed subgroup analysis according to the ethnicity, type of stent implantation, and methodology employed
for the measurement of the Lp(a) levels. In the Asian population,
baseline Lp(a) levels were signiﬁcantly elevated in the ISR group
(SMD ¼ 0.68, 95% CI: 0.42e0.95, P < 0.001). We did not observe
any signiﬁcant association of Lp(a) levels with ISR in subjects of
Caucasian ethnicity. In patients with DES, baseline Lp(a) levels
were signiﬁcantly higher in the ISR group compared to the
controls (SMD ¼ 0.72, 95% CI:0.48e0.95, P < 0.001). However,
there was no remarkable difference of Lp(a) levels in the ISR vs.
no ISR groups after treatment with BMS. In view of biochemical
methodology, we found signiﬁcantly elevated baseline Lp(a)
levels in the ISR group of studies which used an immunoturbidimetry assay for Lp(a) levels. The subgroups analyzed with
ELISA showed no signiﬁcant elevation of Lp(a) levels in the ISR
group (Table 3).

Fig. 1. Flow chart of study selection based on the inclusion and exclusion criteria.
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Table 1
Characteristics of the 9 studies included in the meta-analysis.
First author, Year

Location,
Study period

Age

Follow-up
(month)

Stent

Lp(a) assay

Lp(a) level
of ISR

Lp(a) level of
No-ISR

ISR/No-ISR
number

Ribichini F [23], 1998

Italy, Dec.1993
eJuly.1997
China, Jan.1996
eOct.2001
Italy, not
available
Japan, Jan.1996
eDec.2001
China, Jan.2002
eDec.2002
China, Jan.2004
eAug.2008
China, Jan.2004
eDec.2008
China, Jan.2004
eMay 2007
Iran, July.2003
eMay 2005

61

6.3  1.7

BMS

Nephelometric

37.81  49.01

36.95  40.65

67/245

CAD

61

6

BMS

ELISA

20  20

10  10

87/126

UA, MI

57

6

BMS

ELISA

29.5  17.2

27.4  20.2

52/121

61

6

NA

ELISA

30.5  23.9

16.9  11.1

38/71

T2DM with
CAD
CAD

61

6e18

BMS

316  128

196  100

36/92

UA, SA

63

6e24

DES

42  28

26  20

54/113

UA, SA

58

6.1

DES

Immunoturbidimetry
Immunoturbidimetry
ELISA

42.2  27.5

25.7  19.7

54/113

CAD

60

7.23  2.71

BMS

ELISA

48  36

40  35

166/271

53

6

BMS

ELISA

30.9  26.4

51.6  50.9

46/82

Hu J [25], 2002
Gazzaruso C [21], 2003
Kamitani T [9], 2005
Li JX [27], 2008
Qi DD [28], 2009
Yang XZ [29], 2010
Gao J [24], 2011
Khosravi A [26], 2011

Disease

ACS, SA
CAD

Lp(a): Lipoprotein (a); ISR: in-stent restenosis; BMS: bare metal stent; DES: drug-eluting stent; T2DM: type 2 diabetes mellitus; CAD: coronary artery disease; MI: myocardial
infarction; SA: stable angina; UA: unstable angina; ACS: acute coronary syndrome; ELISA: enzyme-linked immunosorbent assay.

5. Meta-regression analysis
Exploring the possible causes of heterogeneity is crucial in
meta-analysis. Therefore, we used a random meta-regression
model to evaluate the extent to which modulators explained variation between the individual studies. Regarding the results from
our subgroup analysis, we took the ethnicity and stent type into
account in the random regression analysis. In the univariate
regression, differences due to Lp(a) assay (Coef. ¼ 0.138,
P ¼ 0.701) and stent type (Coef. ¼ 0.372, P ¼ 0.377) were found to
be insigniﬁcant, while ethnicity (Coef. ¼ 0.778, P ¼ 0. 0.008) was
signiﬁcant. In the multivariate regression of ethnicity, we found
that ethnicity (Coef. ¼ 0.773, P ¼ 0.036) was the only signiﬁcant
source of the heterogeneity among the Lp(a) levels in the different
studies.
6. Publication bias
Egger’s test (P ¼ 0.368) and Begg’s test (P ¼ 0.348) indicated
negligible publication bias (Supplemental Fig. S1).
7. Discussion
The relationship between baseline plasma Lp(a) levels and
restenosis after coronary artery stenting is controversial. Therefore,
we conducted a systematic meta-analysis with 9 cohort studies
including 1834 patients (634 ISR and 1234 no-ISR subjects).

Our results suggest a signiﬁcant association between baseline
plasma Lp(a) levels and the risk of ISR, particularly in studies
employing DES implantation, immunoturbidimetry assay for Lp(a)
analysis, or in Asian populations. No statistical association was
detected in groups in which BMS implantation or ELISA analysis of
Lp(a) were applied, or in Caucasian populations. Meta-regression
further conﬁrmed that ethnicity was one major source of heterogeneity between the studies (P ¼ 0.036), suggesting that genetic
factors related to ethnicity may contribute to variation in the
results.
To our best knowledge, this is the ﬁrst meta-analysis to investigate the association between baseline plasma Lp(a) levels and the
risk of ISR. Comparing to the individual reports, our meta-analysis
of 9 studies involving a larger sample size has greater power to
detect the signiﬁcant association and to provide reliable estimates.
In addition, this is the ﬁrst study to reveal the impact of ethnicity
on the relationship between the levels of Lp(a) and ISR, as a confounding factor. Concerning the rapid increase of reports on ISR
in the medical literature and the inconsistency of the published
results, our ﬁndings are particularly meaningful.
PCI with stent implantation can successfully enlarge the stenotic
lumen of the coronary artery; however, this technique has signiﬁcant limitations, a major one of which is ISR. During the stent
implantation process, the stent acts as a stimulator that causes local
vessel inﬂammation and leads to platelet activation and formation
of mural thrombus. This process results in the stimulation of
smooth muscle cell growth and ﬁnally leads to the occurrence of

Table 2
Qualitative evaluation of the included studies.
Author

Clear deﬁnition
of
study
population

Clear deﬁnition of
outcome and out
assessment

Independent assessment
of outcome parameters

Sufﬁcient duration of follow-up

No selective loss
during follow-up

Important confounders
and prognostic factors
identiﬁed

Ribichini F
Gazzaruso C
Kamitani T
Li JX
Yang XZ
Gao J
Khosravi A
Qi DD
Hu J

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Not clear
Yes
Yes
Not clear
No
Yes
Yes
Not clear

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Not clear
Yes

No
No
No
No
No
No
No
No
No
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Fig. 2. Random-effects meta-analysis of 9 cohort studies. The squares and horizontal lines correspond to the study-speciﬁc SMD and 95% CI. The area of the squares reﬂects the
weight (inverse of the variance). The diamonds represent the summary SMD and 95% CI.

ISR [5,30]. Previously, Hou et al. [31] found that lipid-rich, thin
ﬁbrous cap plaques were detectable in the stent region after a follow-up period that averaged 6.5 years. Kamitani et al. [9] showed
that plasma plasma Lp(a) levels was higher in ISR patients
compared with non-ISR patients. After stent implantation, the Lp(a)
accumulates in the vessel walls at sites of injury and inhibits cell
surface plasminogen activation, which signiﬁcantly reduces generation of plasmin and a smooth muscle cell proliferation
preventer, TGF-b [32,33]. Furthermore, Caplice et al. [34] showed
that the inhibition of plasmin generation by Lp(a) could induce the
proliferation of smooth muscle cells. In addition, Lp(a) binds
directly to the extracellular matrix and is ingested by macrophages,
resulting in the accumulation of lipids and thus promoting atherosclerosis [35]. Hence, the association between plasma Lp(a) levels
and ISR detected in our study, is most likely to be accounted for by
a direct effect on thrombosis and smooth muscle cells proliferation,
which potentially contribute to the development of ISR. Further
studies are needed to clarify the precise mechanism.
A few studies conducted in the Asian populations [9,24,25,27e
29] showed the signiﬁcant association between Lp(a) and ISR,
which was consistent with our results. Although Ribichini et al. [23]
failed to identify the Lp(a) levels as a predicting factor of restenosis
after elective high-pressure coronary stenting in Caucasians,
they excluded patients with long coronary lesions. To be noted,

restenosis was more frequently found in longer lesions and smaller
vessels [9]. Moreover, Kamitani et al. [9] found that lowering Lp(a)
concentration by LDL apheresis effectively prevented restenosis
after PCI in Japanese patients. Igarashi et al. [36] reported that an
elevated Lp(a) concentration was an independent predictor of
adverse long-term outcome in patients with acute myocardial
infarction treated by PCI. Lp(a) plasma levels are reported to vary
across different ethnicities. Banerjee et al. [37] found that Lp(a)
levels in Asian Indians and Non-Hispanic Whites were markedly
higher than in Chinese population (P  0.001 and P ¼ 0.003).
Schmidt et al. [38] reported that plasma Lp(a) levels largely differ
among European, Asian and African populations. The Lp(a) levels in
Africans were on average two to three fold higher than in Europeans. Furthermore, Lanktree and coworkers analyzed multiethnic
samples and demonstrated that both single-nucleotide polymorphisms (SNPs) and kringle IV type 2 (KIV-2) copy number
coordinately contribute to a larger proportion of variation in plasma
Lp(a) concentrations in European population (36%) than in Chinese
(27%) or South Asians (21%) [39]. The variation of Lp(a) levels across
different ethnicities might cause the heterogeneous results in
identifying the correlation between Lp(a) and ISR in the samples. In
the present study, we found positive association in Asian ethnicity
but not in Caucasians, indicating the profound effect of genetic
factors on the correlation between Lp(a) and ISR, especially in the

Table 3
Results of subgroup analysis.
Variables
Stent type
BMS
DES
Assay
ELISA
Immunoturbidimetry
Ethnicity
Asian
Caucasian

Studies number

ISR/No-ISR number

P

SMD (95% CI)

I2 (%)

P heterogeneity

P interaction

6
2

454/937
108/226

0.135
<0.001

0.27(0.08,0.62)
0.72(0.48, 0.95)

88.7
0.0

<0.001
0.888

0.202

5
3

239/442
256/476

0.113
0.013

0.36(0.09,0.82)
0.67(0.14, 1.19)

88.8
88.7

<0.001
<0.001

0.812

6
3

435/768
165/448

<0.001
0.546

0.68(0.42, 0.95)
0.10(0.43,0.22)

77.3
68.8

<0.001
0.044

0.008

BMS: bare metal stent; DES: drug-eluting stent; ELISA: enzyme-linked immunosorbent assay.
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Asian populations. Our regression result further conﬁrmed that
ethnicity is a critical source of heterogeneity. Further studies are
needed to clarify the precise mechanism underlying this ﬁnding.
DES, also called drug-coated stent, represents a breakthrough
technology which is widely used for PCI. It potently reduces
restenosis of patients, by inhibiting leukocyte inﬁltration and
smooth muscle cell activation and proliferation [40,41]. The ﬁrst
generation of DES was reported to be positively associated with the
risk of late stent thrombosis [42]. Recently, one study [43] including
1015 patients with DES implantation, reported that Lp(a) level in
patients undergoing PCI with DES was closely associated with
worse clinical outcomes, including target vessel and lesion revascularization. Zairis et al. [11] showed that a high plasma level of
Lp(a) may be associated with a higher incidence of late adverse
events for 483 patients after successful coronary stenting, including
ISR and progression of atherosclerosis to a signiﬁcant lesion. The
data by Gibson et al. [44] showed that patients undergoing DES
implantation achieved more reductions in periprocedural markers
of inﬂammation than patients receiving BMS. As a natural regulator
of the inﬂammatory response [45], the effect of Lp(a) might become
more prominent after DES implantation, at a situation in which the
vascular wall inﬂammation is suppressed by the eluting drugs,
while a higher inﬂammatory activity in the BMS recipients could
mask the Lp(a) effect. However, one should be cautious in drawing
conclusions from this because a potential bias might be present due
to the limited study numbers on DES. Large, long-term clinical
studies are hence warranted.
Lp(a) levels can be measured by a wide variety of immunochemical methods such as ELISA and immunoturbidimetric assay.
It has been reported that the Lp(a) levels are heavily affected by the
size of the attached apo(a) protein. Isoform-insensitive immunoreactivity to apo(a), the choice of apo(a) size as the calibrator, and
appropriate standard are three main factors responsible for the
variation of immunochemical measurements [46]. The accuracy of
ELISA measurement varies largely according to the different commercial kits used. Furthermore, Levine and coworkers demonstrated
that immunoturbidimetric analysis, compared with commercial
ELISA applications, is a rapid, accurate and precise method to screen
plasma Lp(a) [47]. Although we observed the positive association in
the subgroup of immunoturbidimetric assay rather than ELISA, the
regression analysis did not show any statistical signiﬁcance between
these two methods concerning the heterogeneous result. Hence, this
subgroup result should be considered with caution.
Individual studies designed to assess the correlation between
levels of lp(a) and ISR after stenting have been limited to sole
ethnicity and small sample size. Hence, it has not been possible to
measure the effect of ethnicity on the basis of limited information
and statistical power in the previous studies. Meta-analysis is
a powerful tool for aggregating information from multiple studies
and conﬁrming the associations which were unclear from individual
independent studies [48]. Nowadays the use of meta-analysis is
more and more popular in genome-wide association studies
(GWAS) to identify associations that have not been revealed in the
individual studies [49]. After combining all the eligible studies with
populations from different ethnicities, we were able to test the
confounding effect of “ethnicity” variable in a regression model with
relatively robust statistical power. It is most likely that our analysis
provided more credible estimate than the individual studies.
Some potential limitations of the present study should be considered. First, our analyses are based on observational studies
which may be burdened by potential biases, because of the limited
information available. Second, the presence of heterogeneity in our
meta-analysis raises concerns of possible biases. However, we were
able to identify ethnicity as a major source of heterogeneity. This is
a pivotal point to be considered when designing future clinical
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studies. Third, due to insufﬁcient data from the eligible studies, we
could not deﬁne the appropriate cut-off value of Lp(a) which best
predicts the risk of ISR. Fourth, the associations between plasma
Lp(a) levels and the risk of ISR might vary according to different
disease proﬁles of the patients [9,20]. We could not examine the
possibility that the disease proﬁles might confound the association
since the proﬁles had not been depicted or categorized clearly in
most of the eligible studies. These variables, such as diabetes
mellitus, have the potential to affect the result and cause the bias.
Further research including disease proﬁle analysis should be warranted. This would be highly interesting for clinical cardiologists.
Fifth, because of the limited data available and small groups of
patients in some of the studies, we could not exempt the possibility
of a selection bias in the populations. A possible publication bias
should not be totally neglected even though the Egger’s analysis
and Begg’s test indicated no such bias in our study.
8. Conclusions
We suggest that elevated baseline plasma Lp(a) levels are
associated with increased risk of ISR after successful PCI with stent
implantation. However, our results need to be conﬁrmed by larger
and well-designed randomized prospective studies.
Sources of funding
This work was supported by Novo Nordisk Foundation, the
Sigrid Juselius Foundation (VMO), the Paulo Foundation, the OrionFarmos Research Foundation, the University of Helsinki Medicine
Fund and Jubilee Fund, and the Finnish Atherosclerosis Society (YZ).
The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.atherosclerosis.2013.01.014.
References
[1] Cosgrave J, Melzi G, Corbett S, et al. Comparable clinical outcomes with
paclitaxel- and sirolimus-eluting stents in unrestricted contemporary practice. J Am Coll Cardiol 2007;49:2320e8.
[2] Morice MC, Serruys PW, Sousa JE, et al. A randomized comparison of a sirolimus-eluting stent with a standard stent for coronary revascularization. N Engl
J Med 2002;346:1773e80.
[3] Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents versus standard
stents in patients with stenosis in a native coronary artery. N Engl J Med 2003;
349:1315e23.
[4] Grewe PH, Deneke T, Machraoui A, et al. Acute and chronic tissue response to
coronary stent implantation: pathologic ﬁndings in human specimen. J Am
Coll Cardiol 2000;35:157e63.
[5] Hoffmann R, Mintz GS, Dussaillant GR, et al. Patterns and mechanisms of
in-stent restenosis. A serial intravascular ultrasound study. Circulation 1996;
94:1247e54.
[6] Mitra AK, Agrawal DK. In stent restenosis: bane of the stent era. J Clin Pathol
2006;59:232e9.
[7] Grainger DJ, Kirschenlohr HL, Metcalfe JC, et al. Proliferation of human smooth
muscle cells promoted by lipoprotein(a). Science 1993;260:1655e8.
[8] Hackshaw A, Kirkwood A. Interpreting and reporting clinical trials with results
of borderline signiﬁcance. BMJ 2011;343:d3340.
[9] Kamitani T, Taniguchi T, Miyai N, et al. Association between plasma lipoprotein(a) concentration and restenosis after stent implantation. Circ J 2005;
69:644e9.
[10] Morita Y, Himeno H, Yakuwa H, et al. Serum lipoprotein(a) level and clinical
coronary stenosis progression in patients with myocardial infarction: rerevascularization rate is high in patients with high-Lp(a). Circ J 2006;70:156e62.
[11] Zairis MN, Ambrose JA, Manousakis SJ, et al. The impact of plasma levels of
C-reactive protein, lipoprotein (a) and homocysteine on the long-term prognosis after successful coronary stenting: the Global Evaluation of New Events
and Restenosis after Stent Implantation Study. J Am Coll Cardiol 2002;40:
1375e82.

366

S.-y. Qin et al. / Atherosclerosis 227 (2013) 360e366

[12] Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.
[13] Vandenbroucke JP, Von Elm E, Altman DG, et al. Strengthening the reporting
of observational studies in epidemiology (STROBE): explanation and elaboration. Gac Sanit 2009;23:158.
[14] Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group. JAMA 2000;283:2008e12.
[15] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7:177e88.
[16] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21:1539e58.
[17] Thompson SG, Higgins JP. How should meta-regression analyses be undertaken and interpreted? Stat Med 2002;21:1559e73.
[18] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by
a simple, graphical test. BMJ 1997;315:629e34.
[19] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics 1994;50:1088e101.
[20] Li B, Zhang LH, Yang XG, et al. Postprocedural serum sLOX-1 levels are
associated with coronary in-stent restenosis in patients with stable coronary
artery disease. Coron Artery Dis 2011;22:259e63.
[21] Gazzaruso C, Garzaniti A, Falcone C, et al. Restenosis after intracoronary stent
placement: can apolipoprotein(a) polymorphism play a role? Int J Cardiol
2003;87:91e8.
[22] Gazzaruso C, Garzaniti A, Falcone C, et al. Lipoprotein(a), apolipoprotein(a)
polymorphism and restenosis after intracoronary stent placement in type 2
diabetic patients. J Diabetes Complications 2003;17:135e40.
[23] Ribichini F, Steffenino G, Dellavalle A, et al. Plasma lipoprotein(a) is not
a predictor for restenosis after elective high-pressure coronary stenting. Circulation 1998;98:1172e7.
[24] Gao J, Cui RZ, Liu Y, et al. Relationship of interleukin-10 gene polymorphism
with restenosis after percutaneous coronary intervention in Chinese. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 2011;28:42e6.
[25] Hu J, Shen WF, Zhang JS, et al. The relationship between serum uric acid and
intracoronary in -stent restenosis. J Clin Cardiovasc 2002;18:359e60.
[26] Khosravi A, Pourmoghaddas M, Ziaie F, et al. Does lipoprotein (a) level have
a predictive value in restenosis after coronary stenting? Int J Prev Med 2011;
2:158e63.
[27] Li JX, Ryouzyutsu T, Zyuusi M, et al. Relationship between serum Lipoprotein(a) concentration and restenosis after elective coronary stenting.
J Fourth Mil Med Univ 2007;28:267e9.
[28] Qi DD, Li MW, Gao CY, et al. Relation of apolipoprotein(a) with restenosis after
coronary stenting. Clin Focus 2009;24:965e6.
[29] Yang XZ. Relationship between coronary stent restenosis and blood concentration of Lp(a). Chin J Misdiagn 2010;10:5035e6.
[30] Ip JH, Fuster V, Israel D, et al. The role of platelets, thrombin and hyperplasia in
restenosis after coronary angioplasty. J Am Coll Cardiol 1991;17:77Be88B.
[31] Hou J, Qi H, Zhang M, et al. Development of lipid-rich plaque inside bare metal
stent: possible mechanism of late stent thrombosis? an optical coherence
tomography study. Heart 2010;96:1187e90.
[32] Argraves KM, Kozarsky KF, Fallon JT, et al. The atherogenic lipoprotein Lp(a) is
internalized and degraded in a process mediated by the VLDL receptor. J Clin
Invest 1997;100:2170e81.

[33] Kojima S, Harpel PC, Rifkin DB. Lipoprotein (a) inhibits the generation of
transforming growth factor beta: an endogenous inhibitor of smooth muscle
cell migration. J Cell Biol 1991;113:1439e45.
[34] Caplice NM, Panetta C, Peterson TE, et al. Lipoprotein (a) binds and inactivates
tissue factor pathway inhibitor: a novel link between lipoproteins and
thrombosis. Blood 2001;98:2980e7.
[35] Miyata M, Biro S, Kaieda H, et al. Lipoprotein(a) stimulates the proliferation of
cultured human arterial smooth muscle cells through two pathways. FEBS Lett
1995;377:493e6.
[36] Igarashi Y, Aizawa Y, Satoh T, et al. Predictors of adverse long-term outcome
in acute myocardial infarction patients undergoing primary percutaneous
transluminal coronary angioplasty: with special reference to the admission
concentration of lipoprotein (a). Circ J 2003;67:605e11.
[37] Banerjee D, Wong EC, Shin J, et al. Racial and ethnic variation in lipoprotein
(a) levels among Asian Indian and Chinese patients. J Lipids 2011;2011:
291954.
[38] Schmidt K, Kraft HG, Parson W, et al. Genetics of the Lp(a)/apo(a) system in an
autochthonous Black African population from the Gabon. Eur J Hum Genet
2006;14:190e201.
[39] Lanktree MB, Anand SS, Yusuf S, et al. Comprehensive analysis of genomic
variation in the LPA locus and its relationship to plasma lipoprotein(a) in
South Asians, Chinese, and European Caucasians. Circ Cardiovasc Genet 2010;
3:39e46.
[40] Haery C, Sachar R, Ellis SG. Drug-eluting stents: the beginning of the end of
restenosis? Cleve Clin J Med 2004;71:815e24.
[41] Kwon JS, Kim YS, Cho AS, et al. Origin of restenosis after drug-eluting stent
implantation in hyperglycemia is inﬂammatory cells and thrombus.
J Atheroscler Thromb 2011;18:604e15.
[42] McFadden EP, Stabile E, Regar E, et al. Late thrombosis in drug-eluting coronary stents after discontinuation of antiplatelet therapy. Lancet 2004;364:
1519e21.
[43] Park SH, Rha SW, Kim JY, et al. Impact of ApoB/ApoA-I ratio on two-year
clinical outcomes in patients undergoing percutaneous coronary intervention with drug-eluting stents, JACC.TCT, vol. 58; 2011. p. B69.
[44] Gibson CM, Karmpaliotis D, Kosmidou I, et al. Comparison of effects of bare
metal versus drug-eluting stent implantation on biomarker levels following
percutaneous coronary intervention for non-ST-elevation acute coronary
syndrome. Am J Cardiol 2006;97:1473e7.
[45] Hoover-Plow J, Hart E, Gong Y, et al. A physiological function for apolipoprotein(a): a natural regulator of the inﬂammatory response. Exp Biol Med
(Maywood) 2009;234:28e34.
[46] Marcovina SM, Albers JJ, Scanu AM, et al. Use of a reference material proposed
by the international federation of clinical chemistry and laboratory medicine
to evaluate analytical methods for the determination of plasma lipoprotein(a).
Clin Chem 2000;46:1956e67.
[47] Levine DM, Sloan BJ, Donner JE, et al. Automated measurement of lipoprotein(a) by immunoturbidimetric analysis. Int J Clin Lab Res 1992;22:
173e8.
[48] Lewis CM, Knight J. Introduction to genetic association studies. Cold Spring
Harb Protoc 2012;2012:297e306.
[49] Han B, Eskin E. Random-effects model aimed at discovering associations in
meta-analysis of genome-wide association studies. Am J Hum Genet 2011;88:
586e98.

