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ABSTRACT

Introduction: Lipoprotein (a) [Lp(a)] is a risk
factor for coronary artery disease (CAD). To the
best of our knowledge, this is the first study
addressing the relationship between Lp(a) and

platelet reactivity in primary and secondary
prevention.
Methods: Lp(a) was evaluated in 396 individu-
als with (82.3%) and without (17.7%) obstruc-
tive CAD. The population was divided into two
groups according to Lp(a) concentrations with a
cutoff value of 50 mg/dL. The primary objective
was to evaluate the association between
Lp(a) and adenosine diphosphate (ADP)-
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induced platelet reactivity using the Veri-
fyNowTM P2Y12 assay. Platelet reactivity was
also induced by arachidonic acid and colla-
gen–epinephrine (C-EPI) and assessed by Mul-
tiplateTM, platelet function analyzerTM 100
(PFA-100), and light transmission aggregometry
(LTA) assays. Secondary objectives included the
assessment of the primary endpoint in individ-
uals with or without CAD.
Results: Overall, 294 (74.2%) individuals had
Lp(a)\50 mg/dL [median (IQR) 13.2 (5.8–27.9)
mg/dL] and 102 (25.8%) had Lp(a) C 50 mg/dL
[82.5 (67.6–114.5) mg/dL], P\ 0.001. Univari-
ate analysis in the entire population revealed no
differences in ADP-induced platelet reactivity
between individuals with Lp(a) C 50 mg/dL
(249.4 ± 43.8 PRU) versus Lp(a)\50 mg/dL
(243.1 ± 52.2 PRU), P = 0.277. Similar findings
were present in individuals with (P = 0.228) and
without (P = 0.669) CAD, and regardless of the
agonist used or method of analysis (all
P[ 0.05). Finally, multivariable analysis did not
show a significant association between ADP-in-
duced platelet reactivity and Lp(a) C 50 mg/dL
[adjusted OR = 1.00 [(95% CI 0.99–1.01),
P = 0.590].
Conclusion: In individuals with or without
CAD, Lp(a) C 50 mg/dL was not associated with
higher platelet reactivity.

Keywords: Coronary artery disease;
Lipoprotein (a); Platelet reactivity; Primary
prevention

Key Summary Points

Why carry out this study?

High Lp(a) have been identified as an
independent risk factor for coronary
artery disease (CAD).

Lp(a) binds to platelets and ADP-P2Y12 -
induced platelet reactivity is one of the
main pathways involved in the
occurrence of ischemic events in
individuals with CAD.

To the best of our knowledge, there are no
studies addressing the association
between the concentrations of Lp(a) and
platelet reactivity in individuals on
primary or secondary prevention of
cardiovascular disease.

What was learned from the study?

Lp(a) C 50 mg/dL was not associated with
higher ADP-induced platelet reactivity
measured by VerifyNowTM P2Y12 point-of-
care assay in individuals regardless of the
presence or absence of CAD.

This study suggests that platelet reactivity
probably is not involved in the
pathophysiological mechanisms
underlying the atherothrombotic
potential of Lp(a).

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12815906

INTRODUCTION

Lipoprotein (a) [Lp(a)] is synthesized by the
liver and resembles the structure of low density
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lipoprotein cholesterol (LDL-C). However,
Lp(a) also contains an additional protein,
apolipoprotein (a) [apo(a)], that is bound to
apolipoprotein B-100 by a single disulfide bond
[1]. The blood concentration of Lp(a) in
humans varies widely between individuals,
from the near absence to several hundred mil-
ligrams per deciliter. It is now well established
that high concentrations of Lp(a) are an inde-
pendent factor for coronary artery disease
(CAD) [2, 3].

Individuals with prior myocardial infarction
(MI) have higher Lp(a) concentrations than
healthy individuals, suggesting that Lp(a) might
be causally associated with atherothrombosis
[4, 5]. Meta-analysis of 18 prospective studies
that included 4040 cases of nonfatal MI or CAD
deaths during a mean follow-up of 10 years
estimated that individuals in the fourth versus
third quartile of the Lp(a) concentration had a
risk ratio of 1.7 [6]. The European Atheroscle-
rosis Society Consensus Panel suggested 50 mg/
dL of Lp(a) as cutoff value for heightened risk
for coronary events [7]. After 36 months mean
follow-up period, stable outpatients with
symptomatic CAD and Lp(a) C 50 mg/dL had a
significantly higher risk of subsequent MI rela-
tive to those with Lp(a)\ 30 mg/dL [8]. A sub-
analysis from the FOURIER study of more than
25,000 patients with established atherosclerotic
cardiovascular disease treated with moderate- or
high-intensity statin and randomized to evolo-
cumab or placebo showed a 22% higher risk of
major coronary events (coronary death, MI, or
urgent revascularization) among patients in the
fourth versus first quartile of Lp(a) distribution
[9]. However, in two other observational sec-
ondary prevention studies, the existence of the
association between high Lp(a) and risk of
recurrent coronary events was not evident
[10, 11].

Various mechanisms by which high con-
centrations of Lp(a) could predispose to
atherogenesis and atherothrombotic events
have been proposed, including Lp(a) oxidation
and direct deposition of this lipoprotein in the
arterial wall, inhibition of fibrinolysis related to
the homology of apo(a) with plasminogen, and
induction of endothelial dysfunction and
pathologic vascular reactivity [12–14].

The fact that some lipoproteins such as very
low density lipoprotein (VLDL) and high density
lipoprotein cholesterol (HDL-C) have effects on
platelet reactivity, and the observation that
Lp(a) binds to plasminogen receptors on the
platelet surface through apo(a), led some inves-
tigators to explore the effects of Lp(a) on platelet
function [15, 16]. The results of in vitro studies
are somewhat conflicting, suggesting that pla-
telet reactivity may be either elevated,
decreased, or unaffected by Lp(a) concentration
[17–19]. Data are scarce regarding the relation-
ship between Lp(a) concentrations and platelet
reactivity in individuals in the presence versus
absence of CAD [20]. Currently, despite the
routine use of proven therapies, including anti-
platelet drugs, individuals with CAD still have a
significantly high risk of recurrent cardiovascu-
lar events [21], and it is important to unravel
hidden factors that may account for this residual
risk. Our main hypothesis was that platelet
reactivity involving the adenosine diphosphate
(ADP)-P2Y12 pathway, which has strong relation
to ischemic events [22], would be independently
associated with higher concentrations of Lp(a).
In this setting, this study aimed to investigate
whether high Lp(a) concentration, defined as
Lp(a) C 50 mg/dL, is associated with platelet
reactivity in individuals with and without CAD.

METHODS

Study Population

We performed a retrospective, cross-sectional
study in 396 stable individuals from the ANTi-
platelet Study (ANTs) group (NCT01896557,
NCT03039205, NCT02316119, NCT03632785)
who had baseline measurements of Lp(a) and
platelet reactivity. Individuals were selected for
this analysis if they fulfilled either of the follow-
ing criteria: (1) Stable CAD defined as previousMI
and/or at least 50% coronary obstruction con-
firmed by coronary angiography and on non-en-
teric coated aspirin once daily for at least 1month
prior to enrollment; or (2) absence of obstructive
CAD confirmed by multi-detector coronary
computed tomography angiography (CTA), and
not taking any antithrombotic therapy prior to
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enrollment. Key exclusion criteriawereMIwithin
the last 12 months, use of any antiplatelet ther-
apy other than aspirin, history of hemorrhagic
stroke, use of an oral anticoagulant, platelet
count\100,000 or[500,000/lL, known liver
disease, or coagulation disorder. The protocols for
this research were approved by the Ethics Com-
mittee of the Clinical Hospitals, University of Sao
Paulo Medical School [Approval Numbers:
Comissão de Ética para Análise de Projetos de
Pesquisa (CAPPesq) do Hospital das Clinicas da
Faculdade de Medicina da Universidade de São
Paulo (HCFMUSP): 0136-11 (NCT01896557);
CertificadodeApresentação paraApreciação Ética
(CAAE): 05965412.0.0000.0068 (NCT02316119);
CAAE: 35079514.8.0000.0068 (NCT03039205,
NCT03632785)]. The study was performed in
accordance with the declaration of Helsinki 1964
and its later amendments. All participants pro-
vided written informed consent to participate in
the study.

Study Design

Individuals were categorized into two groups
according to Lp(a) concentrations above or
below 50 mg/dL. This cutoff was based on the
current recommendations of the European
Atherosclerosis Society [7, 23], American College
of Cardiology/American Heart Association
(ACC/AHA) [24, 25], and National Lipid Associ-
ation [26]. Additionally, we used Lp(a) quartiles
and Lp(a) with a threshold of 70 mg/dL to fur-
ther evaluate the primary endpoint of this study.

Lipoprotein (a)

Lp(a) (mg/dL) concentrations were measured in
241 (60.9%) fresh and 155 (39.1%) frozen serum
samples by means of particle-enhanced
immunonephelometry with N Latex
Lp(a) Reagent, which is an apo(a) isoform-de-
pendent assay (BN-II-System, Siemens HD) [27].
Serum samples were obtained the morning after
overnight fasting by puncture of the antecubital
vein and collected in tubes without an antico-
agulant [CAT Serum Sep Clot Activator (Greiner
Bio-One, Kremsmünster, Austria)]. Blood speci-
mens were centrifuged at 3000 rpm for 10 min

(Eppendorf, Hamburg, Germany). The detection
limit was approximately 0.2 mg/dL. The intra-
run coefficient of variation (CV) was 1.8–4.1%
and inter-run CV was 2.8–5.3%. The frozen
samples (155 individuals) were stored at - 80 �C
immediately after collection and analyzed as a
single batch to eliminate any source of error
from inter-assay variability.

Measurements of Platelet Reactivity

Blood samples for platelet reactivity were drawn
with a 21-gauge needle from the antecubital
vein into blood-collecting tubes. After the first
2–3 mL of free-flowing blood was discarded, the
tubes were filled to capacity and gently inverted
three to five times to ensure complete mixing of
the anticoagulant. Tubes containing 3.2%
sodium citrate were collected for VerifyNowTM

measurements, tubes containing 3.2% triso-
dium citrate were used for light transmission
aggregometry (LTA) and the platelet function
analyzer (PFA)-100 assay (Greiner Bio-One,
Kremsmünster, Austria), while double wall Hir-
udin Blood Tubes were used for the Multi-
plateTM assay (Roche Diagnostics, Rotkreuz,
Switzerland). Platelet reactivity tests were per-
formed within 2 h after sample collection.

(a) VerifyNowTM assay. Platelet reactivity
induced by ADP (VerifyNowTM P2Y12) (pri-
mary objective) or arachidonic acid (Veri-
fyNowTM Aspirin) was assessed in whole
blood with the VerifyNowTM point-of-care
assay (Accriva Diagnostics, San Diego, Cal-
ifornia, USA) as previously was described
[28]. In brief, VerifyNow is a turbidimetry-
based optical detection assay designed to
measure platelet agglutination that is based
on the ability of activated platelets to bind
to fibrinogen. The cartridge contains a
lyophilized preparation of human fibrino-
gen-coated beads, ADP or arachidonic acid,
preservative, and buffer. The fibrinogen-
coated beads aggregate in whole blood in
proportion to the number of unblocked
platelet GPIIb/IIIa receptors. The instru-
ment reported platelet reactivity as P2Y12

reaction units (PRU) or aspirin reaction
units (ARU), as appropriate.
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(b) PFA-100 assay. In the PFA-100 assay (Sie-
mens Healthcare Diagnostics, Newark,
Delaware, USA), platelets are exposed to
high shear conditions within a cartridge
containing a capillary, a sample reservoir, a
collagen and epinephrine (C-EPI)-coated
membrane, and an aperture [29]. C-EPI
activates platelets in whole blood, creating
aggregate formation at the aperture, grad-
ually diminishing and finally arresting
blood flow. The PFA-100 records the time
in seconds from the start of the test until
the platelet aggregate occludes the aper-
ture (closure time).

(c) MultiplateTM assay. The MultiplateTM ana-
lyzer (Roche Diagnostics, Rotkreuz,
Switzerland) is a multiple electrode impe-
dance aggregometer and point-of-care
assay that assesses platelet reactivity in
whole blood as previously described
[28, 30]. Briefly, whole blood was added
to the test cuvettes, diluted (1:2 with 0.9%
NaCl solution), stirred, and warmed to
37 �C. ADP or arachidonic acid was added
to a final concentration of 6.5 lmol/L (ADP
test) or 0.5 mmol/L (ASPI test), as appro-
priate. Reactivity was then continuously
recorded for 6 min (min). Test results were
quantified as area under the curve (AU) and
expressed as aggregation units per min
(AU min).

(d) LTA. Platelet aggregation was assessed as
described previously [31]. In brief, the
blood–citrate tubes were centrifuged at
1000 rpm for 10 min to recover platelet-
rich plasma (PRP) and further centrifuged
at 3000 rpm for 10 min to recover platelet-
poor plasma (PPP). PRP and PPP were
stored at room temperature to be used
within 30 min. Platelets were stimulated
with 5 lmol/L ADP. Aggregation was
assessed using an AggRAMTM aggregometer
(Helena Laboratories Corp., Beaumont,
TX) and expressed as the maximum per-
cent change in light transmittance from
baseline, using PPP as reference.

(e) Thromboxane B2 (TxB2). TxB2 (pg/mL) was
measured in serum samples using a com-
mercial ELISA kit (Millipore Sigma; Burling-
ton, MA, USA), as previously described

[32]. Briefly, PRP treated with 10 lmol/L
ADP was quenched for 5 min with 5 mmol/
L ethylenediaminetetraacetic acid and
200 lmol/L indomethacin. The samples
were centrifuged for 10 min at 3000 rpm.
The supernatant was removed and stored at
- 80 �C for subsequent TxB2 analysis using
a Multiskan FC plate reader (Thermo Fisher
Scientific, Waltham, MA, USA).

Statistical Analysis

Categorical variables were expressed as absolute
numbers and percentages and were compared
with the chi-square test. Continuous variables
were described as mean ± standard deviation
(SD) or median (IQR, interquartile range:
25th–75th percentiles) and the Student’s t test
(normal distribution) or Mann–Whitney test
(non-Gaussian distribution) was applied, as
appropriate. The Shapiro–Wilk test was used for
normality evaluation. The Spearman rank cor-
relation test was utilized to compare the uni-
variate association between
Lp(a) concentrations and ADP-induced platelet
reactivity evaluated by VerifyNowTM P2Y12,
both as continuous variables.

In order to assess the independent associa-
tion between dichotomized Lp(a) (\50 mg/dL
versus C 50 mg/dL) and ADP-induced platelet
reactivity, a stepwise logistic regression model
was constructed. Categories of Lp(a) concentra-
tions (as dependent variable) were adjusted for
the following candidate independent variables:
age; sex; non-Caucasian or non-Asian; height;
weight; history of hypertension; diabetes; dys-
lipidemia; previous MI; previous stroke; current
smoker; hemoglobin; platelet count; glycated
hemoglobin (HbA1c); creatinine; total choles-
terol (TC); HDL-C; LDL-C; triglycerides (TG);
chronic statin use, angiotensin-converting
enzyme inhibitor (ACEI)/angiotensin receptor
blockers (ARB); b-blockers; oral anti-hyper-
glycemic drugs or insulin; and ADP-induced
platelet reactivity. Cutoff P values of 0.05 for
inclusion and 0.10 for exclusion at each step
were used to fit the model. Similarly, a multi-
variable linear regression model was used to
evaluate the independent association between
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ADP-induced platelet reactivity and Lp(a), both
as continuous variables. The independent
covariates used were the same as those for the
adjusted stepwise logistic regression model.
ADP-induced platelet reactivity by VerifyNowTM

P2Y12 was determined by Lp(a) quartile and
compared across those by Kruskal–Wallis test.
The median test for k samples was applied for
the comparison between median Lp(a) concen-
trations in frozen or fresh serum samples.

We have also run additional sensitivity
analyses (1) excluding variables that could have
potential collinearity with other variables in the
same model; and (2) including all variables in
the model, without variables selection by step-
wise procedure. The Hosmer–Lemeshow test
was used to assess the goodness of fit of the
main model.

Since we had 396 individuals with samples
available for both Lp(a) and ADP-induced pla-
telet reactivity, we performed a post-hoc power
calculation assessing the difference in platelet
reactivity that could be detected in individuals
with Lp(a) C 50 mg/dL versus\50 mg/dL. On
the basis of a prior study from our group [33],
individuals with CAD on aspirin had a mean
reactivity of 251.74 ± 43.72 PRU. For a two-
tailed a equal to 0.05, the study had 80% power
to detect a mean difference of 12.4 PRU and
90% power to detect a mean difference of
14.4 PRU between both groups of interest
(Supplementary Table 5).

All tests were two-tailed and value of
P\ 0.05 was considered statistically significant.
Data were analyzed using IBM SPSS Statistics
26.0 (Microsoft, Chicago, IL, USA) and StataTM

version 15.1 (Statacorp, College Station, TX,
USA).

RESULTS

Distribution of Lp(a) Concentrations

The distribution of Lp(a) (mg/dL) was highly
skewed with a marked left shift (Fig. 1). The
median Lp(a) concentration in the population
(N = 396) was 22.0 (7.9–52.2) mg/dL (Table 1).
No individuals had an Lp(a) concentrations
below the limit of detectability (0.2 mg/dL). The

median concentrations for fresh vs frozen
serum samples were 27.8 (10.4–67.4) mg/dL
versus 15.7 (6.1-37.6) mg/dL (P\ 0.0001).

Study Groups

The baseline characteristics of the study popu-
lation are shown in Table 1. The median age was
66 (61–72) years and 266 (67.2%) were male.

Of the 396 individuals included in this study,
294 (74.2%) had Lp(a)\ 50 mg/dL and 102
(25.8%) had Lp(a) C 50 mg/dL. The median
concentrations observed in each group were
13.2 (5.8–27.9) mg/dL and 82.5 (67.6–114.5)
mg/dL, respectively.

Significant differences were observed
between patients with higher versus lower
Lp(a). Among individuals with Lp(a) C 50 mg/
dL, a greater percentage of individuals were
neither Caucasian nor Asian (P = 0.001), had
previous coronary artery bypass graft (CABG)
surgery (P = 0.009), and had a prior stroke
(P = 0.003), compared to those with
Lp(a)\50 mg/dL. Conversely, individuals with
elevated Lp(a) were less likely to have diabetes
(P = 0.048), smoke (P = 0.029), lower weight
(P = 0.003), or lower body mass index (BMI)
(P = 0.006). Regarding laboratory findings,
individuals with Lp(a) C 50 mg/dL exhibited
lower fasting glucose (P = 0.045) and triglyc-
erides (P = 0.013) levels, and a trend toward
higher HDL-C levels (P = 0.050). Individuals
with Lp(a) C 50 mg/dL also were more fre-
quently receiving statin (P = 0.014) and aspirin
(P = 0.016). On the other hand, the groups
stratified by Lp(a) were well balanced regarding
age, sex, height, history of hypertension and
dyslipidemia, previous MI or percutaneous
coronary intervention (PCI). Additionally, no
significant differences between the groups were
found with respect to the rest of the laboratory
parameters analyzed or medications.

The baseline characteristics from individuals
in the presence and absence of CAD are shown
in Table 2. Individuals with CAD had higher
median Lp(a) concentrations compared to those
without CAD 23.2 (8.1–59.4) mg/dL versus 14.9
(6.9–34.4) mg/dL, (P = 0.021).
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Association Between Lp(a) Concentrations
and Platelet Reactivity

ADP-induced platelet reactivity by VerifyNowTM

P2Y12 assay: No significant differences were
found in ADP-induced platelet reactivity
between the individuals with Lp(a) C 50 mg/dL
when compared to those with Lp(a)\50 mg/dL
(249.4 ± 43.8 PRU versus 243.1 ± 52.2 PRU,
respectively, P = 0.277) (Fig. 2a). Similarly, no
association was observed in ADP-mediated pla-
telet reactivity between individuals with
Lp(a)\50 mg/dL versus Lp(a) C 50 mg/dL who
had CAD (250.2 ± 45.5 PRU versus 242.2 ±

56.3 PRU, respectively, P = 0.228) (Fig. 2b) or
among those without CAD (242.0 ± 23.1 PRU
versus 246.5 ± 31.4 PRU, respectively,
P = 0.669) (Fig. 2c). In addition, no association
was observed in ADP-induced platelet reactivity
between individuals with Lp(a) C 50 mg/dL or
Lp(a)\50 mg/dL whose measurements were
made in fresh (252.3 ± 44.5 PRU versus 251.6 ±

46.0 PRU, respectively, P = 0.908) or in frozen
serum samples (231.8 ± 58.6 PRU versus 241.9
± 35.1 PRU, respectively, P = 0.505). Finally,
there were no significant relationships in ADP-

induced platelet reactivity across Lp(a) quar-
tiles: Q1 [\7.9 mg/dL; 245.0 (215.0–274) PRU];
Q2 [7.9–22.0 mg/dL; 240.0 (212.0–271.0) PRU];
Q3 [22.1–51.5 mg/dL; 254.0 (215.0–280.0]; and
Q4 [[51.5 mg/dL; 248.0 (220.0–270.0) PRU],
P = 0.365 (Supplementary Fig. 1); nor between
individuals with Lp(a) values C 70 mg/dL when
compared to those with Lp(a)\70 mg/dL
[250.5 (219.2–281.0) PRU versus 247.0
(215.0–272.5) PRU, respectively, P = 0.491]
(Supplementary Fig. 2).

Results of platelet reactivity using different
agonists by PFA-100 (E-EPI), VerifyNowTM

Aspirin, MultiplateTM ADP, MultiplateTM ASPI,
and LTA (ADP) assays: As can be seen in Table 3,
there were no significant differences between
different agonists-induced platelet reactivity
from individuals with concentrations of
Lp(a) C 50 mg/dL compared to those with
Lp(a)\50 mg/dL, when platelet reactivity was
assessed by any of these tests: 117 (97.0–165.5)
versus 102.0 (86.0–145.0) s (P = 0.235) for the
PFA-100 with C-EPI; 527.4 ± 83.7 versus 530.0
± 80.4 ARU (P = 0.819) for the VerifyNowTM

Aspirin; 73.3 ± 21.3 versus 73.2 ± 23.4 AU min
(P = 0.996) for the MultiplateTM ADP; 76.1 ±

26.9 versus 71.4 ± 24.3 AU min (P = 0.532) for
the MultiplateTM ASPI; and 75.1 (70.5–82.8)
versus 80.6 (74.1–84.5) % (P = 0.112) for the
LTA (ADP).

Serum TxB2 measurement: No differences in
TxB2 levels were found between individuals
with Lp(a)\ 50 mg/dL or Lp(a) C 50 mg/dL in a
subgroup (n = 59) where this test was available
(Table 3).

In the adjusted logistic regression model,
Lp(a) C 50 mg/dL was not independently asso-
ciated with ADP-induced platelet reactivity
assessed by VerifyNowTM P2Y12 assay [odds ratio
(OR) = 1.00 [(95% CI 0.99–1.01), P = 0.590];
Hosmer–Lemeshow chi-square was 514.27
(P\0.0001). In this model, the variables sig-
nificantly and independently associated with
Lp(a) C 50 mg/dL were creatinine [OR = 2.06
(95% CI 1.11–3.85) for every mg/dL, P = 0.023],
LDL-C [OR 1.01 (95% CI 1.00–1.02) for every
mg/dL, P = 0.007], prior stroke [OR 2.07 (95%
CI 1.12–3.82), P = 0.021], non-Caucasian or
non-Asian [OR 2.78 (95% CI 1.67–4.63),
P\ 0.001], TG [OR 0.99 (95% CI 0.98–0.99) for

Fig. 1 Distribution of lipoprotein (a) concentrations.
Serum Lp(a) concentrations in mg/dL from 326 (82.3%)
individuals with CAD and 70 (17.7%) individuals without
CAD are shown in a frequency distribution histogram.
Distribution are from Kolmogorov–Smirnov test (see
‘‘Methods’’). Median (IQR) = 22.0 (7.9–52.2) mg/dL.
Lp(a) lipoprotein (a), CAD coronary artery disease, IQR
interquartile range
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Table 1 Baseline characteristics of individuals according to Lp(a) concentrations

Total Lp(a) < 50 mg/dL Lp(a) ‡ 50 mg/dL P value
(n = 396) (n = 294) (n = 102)

Clinical characteristics

Age, years [median (IQR)] 66.0 (61.0–72.0) 66.0 (61.0–71.2) 66.5 (60.7–73.0) 0.687

Male sex [n (%)] 266 (67.2) 204 (69.4) 62 (60.8) 0.111

Non-Caucasian or non-Asian

[n (%)]

139 (35.1) 85 (28.9) 54 (52.9) \0.001

Height (m) [median (IQR)] 1.65 (1.59–1.71) 1.65 (1.59–1.71) 1.63 (1.58–1.72) 0.241

Weight (kg) [median (IQR)] 75.0 (66.5–83.9) 76.0 (68.0–84.1) 72.0 (62.0–80.0) 0.003

BMI (kg/m2) [median (IQR)] 27.4 (24.8–30.4) 27.8 (25.2–30.8) 26.5 (23.9–29.0) 0.006

History of hypertension [n (%)] 323 (81.6) 234 (79.6) 89 (87.3) 0.085

History of diabetes [n (%)] 161 (40.7) 128 (43.5) 33 (32.4) 0.048

History of dyslipidemia [n (%)] 290 (73.2) 212 (72.1) 78 (76.5) 0.391

Previous MI [n (%)] 269 (67.9) 198 (67.3) 71 (69.6) 0.673

Previous PCI [n (%)] 207 (52.3) 155 (52.7) 52 (51.0) 0.762

Previous CABG [n (%)] 98 (24.7) 63 (21.4) 35 (34.3) 0.009

Previous stoke [n (%)] 64 (16.2) 38 (12.9) 26 (25.5) 0.003

Current smoker [n (%)] 37 (9.3) 33 (11.2) 4 (3.9) 0.029

Laboratory findings

Hemoglobin (g/dL) [mean (SD)] 14.2 ± 1.5 14.2 ± 1.4 14.1 ± 1.6 0.397

Platelets count (103/lL)

[median (IQR)]

219.0 (185.0–261.0) 215.5 (183.0–262.0) 224.0 (195.7–254.5) 0.255

WBC (103/lL) [median (IQR)] 7.2 (6.0–8.5) 7.2 (6.0–8.5) 7.1 (5.6–8.2) 0.115

hs-CRP (mg/L) [median (IQR)] 1.6 (0.6–3.9) 1.6 (0.6–3.8) 1.7 (0.7–5.6) 0.459

Fasting glucose (mg/dL)

[median (IQR)]

105.0 (96.0–121.0) 106.0 (96.7–124.0) 102.5 (95.0–117.7) 0.045

HbA1c (%) [median (IQR)] 6.0 (5.6–6.7) 6.0 (5.7–6.7) 5.9 (5.6–6.4) 0.360

Creatinine (mg/dL) [median (IQR)] 1.05 (0.89–1.29) 1.03 (0.89–1.28) 1.12 (0.88–1.31) 0.204

MDRD (ml/min/1.73 m2)

[median (IQR)]

71.2 (54.9–85.9) 71.7 (56.3–87.2) 66.6 (49.9–83.2) 0.054

TC (mg/dL) [median (IQR)] 157.0 (134.2–188.7) 156.0 (132.0–188.2) 161.0 (140.7–189.2) 0.284

HDL-C (mg/dL) [median (IQR)] 43 (36–51) 43 (36–50) 45 (38–54) 0.050

LDL-C (mg/dL) [median (IQR)] 88.0 (69.0–116.0) 87.0 (66.0–116.0) 90.0 (77.7–118.5) 0.053

TG (mg/dL) [median (IQR)] 115.0 (81.0–161.0) 119.5 (85.0–170.0) 105.5 (75.0–138.2) 0.013

Lp(a) (mg/dL) [median (IQR)] 22.0 (7.9–52.2) 13.2 (5.8–27.9) 82.5 (67.6–114.5) \0.001
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every mg/dL, P = 0.011], and use of statins [OR
4.74 (95% CI 1.69–13.33), P = 0.003]. Similar
results were found regarding the association of
ADP-induced platelet reactivity with
Lp(a) C 50 mg/dL using a multivariable regres-
sion model without a stepwise approach
(P = 0.512) (Supplementary Table 2), or when
potentially collinear variables were excluded
(P = 0.572) (Supplementary Table 3). In addi-
tion, ADP-induced platelet reactivity was not
independently associated with Lp(a) C 50 mg/
dL (P = 0.478) in a multivariable linear regres-
sion model which included only age, sex, race,
LDL-C, and prior statin variables (Supplemen-
tary Table 4).

Furthermore, no associations were observed
between Lp(a) concentrations and ADP-induced
platelet reactivity assessed by VerifyNowTM

P2Y12 assay (r = 0.049, P = 0.328) (Fig. 3), or
when the population was stratified by the
presence (r = 0.063, P = 0.254) or absence
(r = - 0.034, P = 0.781) of CAD. No associations
were found when we analyzed either fresh
(r = 0.029, P = 0.654) or frozen (r = 0.001,

P = 0.985) serum samples separately. In the
multivariable linear regression analysis,
Lp(a) was not independently associated with
ADP-induced platelet reactivity when both were
assessed as continuous variables (adjusted beta
coefficient 0.024; 95% confidence interval (CI)
- 0.077 to 0.124; adjusted P = 0.650). This lack
of association was observed regardless of the
presence or absence of CAD (adjusted beta
coefficient 0.036; 95% CI - 0.077 to 0.148;
adjusted P = 0.530 for individuals with CAD;
adjusted beta coefficient - 0.120; 95% CI
- 0.296 to 0.056; adjusted P = 0.180 for indi-
viduals without CAD; P for interaction = 0.670).

For the primary outcome, we performed post
hoc power calculations, assuming clinically
meaningful differences that could have been
detected between the groups of interest.
Namely, our study preserved a power of 96.8%
to detect a difference of 20 PRU and a power of
99.9% to detect a difference of 30 PRU in the
platelet reactivity between individuals with
Lp(a) C 50 mg/dL versus Lp(a)\50 mg/dL
(Supplementary Table 5).

Table 1 continued

Total Lp(a) < 50 mg/dL Lp(a) ‡ 50 mg/dL P value
(n = 396) (n = 294) (n = 102)

Medications [n (%)]

Statin 345 (87.1) 249 (84.7) 96 (94.1) 0.014

Aspirin 326 (82.3) 234 (79.6) 92 (90.2) 0.016

ACEI/ARB 299 (75.5) 219 (74.5) 80 (78.4) 0.425

b-blocker 333 (84.1) 250 (85.0) 83 (81.4) 0.384

Anti-hyperglycemic drugs

Oral 151 (38.1) 120 (40.8) 31 (30.4) 0.062

Insulin 47 (11.9) 40 (13.6) 7 (11.9) 0.070

Values are expressed as mean ± SD, median (IQR), or number of individuals (%)
Lp(a) lipoprotein (a), BMI body mass index, MI myocardial infarction, PCI percutaneous coronary intervention, CABG
coronary artery bypass graft, WBC white blood cells, hs-CRP high-sensitivity C-reactive protein, HbA1c glycated hemo-
globin, MDRD Modification of Diet in Renal Disease, TC total cholesterol, HDL-C high density lipoprotein cholesterol,
LDL-C low density lipoprotein cholesterol, TG triglycerides, ACEI angiotensin-converting enzyme inhibitor, ARB
angiotensin receptor blocker, IQR interquartile range
P values are from Student’s t test, Mann–Whitney test, or chi-square test
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Table 2 Baseline characteristics of individuals with and without CAD

With CAD Without CAD P value
(n = 326) (n = 70)

Clinical characteristics

Age, years [median (IQR)] 68.0 (62.0–73.0) 60.5 (54.0–65.0) \ 0.001

Male sex [n (%)] 233 (71.5) 33 (47.1) \ 0.001

Non-Caucasian or non-Asian [n (%)] 130 (39.9) 9 (12.9) \ 0.001

Height (m) [median (IQR)] 1.65 (1.59–1.71) 1.65 (1.58–1.73) 0.910

Weight (kg) [median (IQR)] 74.7 (66.5–83.1) 75.0 (68.5–86.2) 0.537

BMI (kg/m2) [median (IQR)] 27.4 (24.8–30.3) 27.8 (25.3–30.6) 0.381

History of hypertension [n (%)] 279 (85.6) 44 (62.9) \ 0.001

History of diabetes [n (%)] 150 (46.0) 11 (15.7) \ 0.001

History of dyslipidemia [n (%)] 248 (76.1) 42 (60.0) 0.006

Prior MI [n (%)] 269 (82.5) 0 (0.0) N/A

Prior PCI [n (%)] 207 (63.5) 0 (0.0) N/A

Prior CABG [n (%)] 98 (30.1) 0 (0.0) N/A

Prior stoke [n (%)] 64 (19.6) 0 (0.0) N/A

Current smoker [n (%)] 33 (10.1) 4 (5.7) 0.250

Laboratory findings

Hemoglobin (g/dL) [mean (SD)] 14.3 ± 1.5 13.6 ± 1.0 \ 0.001

Platelets count (103/lL) [median (IQR)] 219.0 (185.0–266.5) 219.5 (184.5–252.0) 0.455

WBC (103/lL) [median (IQR)] 7.4 (6.1–8.5) 6.2 (5.2–7.5) \ 0.001

hs-CRP (mg/L) [median (IQR)] 1.6 (0.6–4.3) 1.7 (0.7–3.6) 0.854

Fasting glucose (mg/dL) [median (IQR)] 107.0 (98.0–125.7) 98.0 (90.0–105.0) \ 0.001

HbA1c (%) [median (IQR)] 6.1 (5.7–6.9) 5.6 (5.4–6.0) \ 0.001

Creatinine (mg/dL) [median (IQR)] 1.1 (0.9–1.3) 0.9 (0.7–1.0) \ 0.001

MDRD (ml/min/1.73 m2) [mean (SD)] 68.1 ± 22.0 82.6 ± 19.0 \ 0.001

TC (mg/dL) [median (IQR)] 152.0 (132.0–181.0) 185.0 (155.7–211.7) \ 0.001

HDL-C (mg/dL) [median (IQR)] 42 (36–50) 46 (40–56) 0.001

LDL-C (mg/dL) [median (IQR)] 85.0 (66.0–107.2) 113.0 (88.7–133.2) \ 0.001

TG (mg/dL) [median (IQR)] 115.5 (81.0–170.0) 109.5 (83.5–130.2) 0.046

Lp(a) (mg/dL) [median (IQR)] 23.2 (8.1–59.4) 14.9 (6.9–34.4) 0.021

Medications [n (%)]

Statin 309 (94.8) 36 (51.4) \ 0.001

Aspirin 326 (100.0) 0 (0.0) N/A
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DISCUSSION

Our main finding was that high Lp(a) concen-
tration, defined as Lp(a) C 50 mg/dL
[23–26, 34], is unrelated to platelet reactivity as
assessed by multiple established tests [31–36],
and regardless of the presence or absence of
CAD. To the best of our knowledge, the present
study is the first to analyze the potential asso-
ciation between high concentrations of
Lp(a) and platelet reactivity in individuals with
and without CAD, which could contribute to a
better understanding of the pathophysiology of
atherosclerosis [2–5].

Another aspect of the applicability of our
results is related to the primary and secondary
prevention of CAD major events.
Lp(a) C 50 mg/dL constitutes a risk-enhancing
factor among primary prevention individuals
[34] and is linked to a significantly higher inci-
dence of subsequent MI in individuals with
CAD [9]. Recently, Bittner et al. showed that
Lp(a) lowering by alirocumab was an indepen-
dent contributor to major adverse cardiovascu-
lar events reduction [35], suggesting that
Lp(a) may be an independent treatment target
after acute coronary syndrome. In spite of these

findings, the mechanisms underlying these
observations have yet to be established.

One proposed mechanism for the role
Lp(a) plays in atherogenesis involves the selective
penetration and accumulation of apo(a) at the
arterial injury site. Some authors have proposed
that this uptake is probably specific andmediated
byplatelets [36, 37]. Regarding atherothrombosis,
it has been demonstrated that Lp(a) can compete
with plasminogen for binding to the surface of
fibrin [13]. Both Lp(a) and apo(a) could prevent
plasminogen activation through a reduction in
tissue-type plasminogen activator activity [13],
thereby inhibiting intrinsic fibrinolysis and
stimulating a prothrombotic pathway that leads
to increased platelet reactivity (or, at least,
reducing platelet disaggregation) [38, 39].

In vitro studies showed conflicting results
regarding the association between high con-
centrations of Lp(a) and platelet reactivity,
showing positive, negative, or neutral associa-
tions between the two variables. A positive
correlation between Lp(a) and platelet reactivity
was described by Rand et al. [17] and Martı́nez
et al. [40] via thrombin receptor activating
peptide (SFLLRN) and arachidonic acid, respec-
tively. In contrast with these findings, other

Table 2 continued

With CAD Without CAD P value
(n = 326) (n = 70)

ACEI/ARB 256 (78.5) 43 (61.4) 0.003

b-blocker 292 (89.6) 41 (58.6) \ 0.001

Anti-hyperglycemic drugs

Oral 143 (43.9) 8 (11.4) \ 0.001

Insulin 46 (14.1) 1 (1.4) 0.003

Values are expressed as mean ± SD, median (IQR), or number of individuals (%)
CAD coronary artery disease, BMI body mass index, MI myocardial infarction, PCI percutaneous coronary intervention,
CABG coronary artery bypass graft, WBC white blood cells, hs-CRP high-sensitivity C-reactive protein, HbA1c glycated
hemoglobin, MDRD Modification of Diet in Renal Disease, TC total cholesterol, HDL-C high density lipoprotein
cholesterol, LDL-C low density lipoprotein cholesterol, TG triglycerides, Lp(a) lipoprotein (a), ACEI angiotensin-con-
verting enzyme inhibitor, ARB angiotensin receptor blocker, IQR interquartile range, N/A not applicable
P values are from Student’s t test, Mann–Whitney test, or chi-square test
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studies have shown significant reduction in
collagen-induced platelet reactivity measured in
whole blood or washed platelet co-incubated

with high concentrations of Lp(a) from human
donors, which were accompanied by decreasing
of serotonin secretion and TxB2 production
[18, 19, 40, 41]. Additionally, elevated Lp(a) de-
creases ADP-induced platelet reactivity via the
reduction of intracellular cyclic adenosine
monophosphate (cAMP) or platelet-activating
factor (PAF) [18, 42, 43]. Finally, similar to our
results, no association was found between ele-
vated concentrations of Lp(a) and platelet
reactivity in response to platelet activation by
thrombin [19], collagen [44], and ADP [17, 19]
by other investigators.

To the best of our knowledge, only one study
in vivo has been published to date analyzing the
association between Lp(a) concentrations and
platelet reactivity. In that study, Barre et al. [45]
randomized 40 individuals with diabetes to
flaxseed or safflower (placebo) oil. In a subset of
32 individuals, they demonstrated a Pearson
correlation of 0.54 (P\ 0.05) between Lp(a) and
bleeding time, which was considered a surro-
gate for platelet reactivity. In our study of 396
individuals with or without CAD, no correla-
tion was found between Lp(a) concentrations
and the established measures of platelet reac-
tivity induced by different agonists and differ-
ent methods.

Limitations

The current study has several limitations. First,
individuals with CAD were treated with aspirin.
It has been reported that aspirin treatment may
markedly potentiate the ability of tissue-type
plasminogen activator activity to induce disag-
gregation [38], suggesting that aspirin could
attenuate one of the mechanisms proposed for
Lp(a)-mediated platelet reactivity [13]. How-
ever, in individuals without CAD who were not
taking aspirin, we also did not find any signifi-
cant differences in arachidonic acid-induced
platelet reactivity. On the other hand, the main
objective of the present study was to evaluate a
possible association between Lp(a) concentra-
tions and platelet reactivity in response to ADP.
The ADP-P2Y12 pathway has stronger a associa-
tion with ischemic events or mortality [22] and
could be involved in the potential

Fig. 2 Association of ADP-induced platelet reactivity
according to lipoprotein (a) concentrations in individuals
stratified by the presence or absence of CAD. Univariate
analysis was applied to determine the association between
Lp(a) concentrations\ 50 mg/dL and Lp C 50 mg/dL
versus ADP-induced platelet reactivity measured by Ver-
ifyNowTM P2Y12 (PRU) in a total of 396 individuals
(a) which included 326 with CAD (b) and 70 without
CAD (c). Values are median (IQR). P value are from
Mann–Whitney test (see ‘‘Methods’’). ADP adenosine
diphosphate, CAD coronary artery disease, Lp(a) lipopro-
tein (a), PRU P2Y12 reaction units, IQR interquartile
range
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prothrombotic risk of Lp(a) for individuals in
primary and secondary prevention
[8, 23–26, 34]. Second, we did not assess the

effect of apo(a) on platelet reactivity, which
appears to have an additional effect on aggre-
gation [17, 18, 40]. Third, we were unable to
measure Lp(a) by isoform-independent assay, as
this was not available in our laboratory. In this
regard, some studies have argued that a signifi-
cant correlation of r = 0.94 between Lp(a) val-
ues measured in fresh and frozen samples
proves that storage has no significant effect on
the analysis and interpretation of data, as we
observed in our results [46]. However, Kronen-
berg et al. found small but significant decrease
in Lp(a) concentrations over time [47]. Fourth,
despite this study being the largest to date, the
lack of association could be due to a type 2
error. However, the numerically similar values
for both groups of interest together with the
multitude of different tests performed make it
less likely that our study was underpowered.
Additionally, if we consider 20 PRU as the
minimal clinically relevant difference between
the two groups in order to influence clinical

Table 3 Association between platelet reactivity and Lp(a) concentrations

n Lp(a) < 50 mg/
dL

Lp(a) ‡ 50 mg/
dL

P values

C-EPI-induced platelet reactivity by PFA-100 (s)

[median (IQR)]a
156 102.0 (86.0–145.0) 117 (97.0–165.5) 0.235

Arachidonic acid-induced platelet reactivity by VerifyNowTM

Aspirin (ARU) [mean (SD)]a
130 530.0 ± 80.4 527.4 ± 83.7 0.819

ADP-induced platelet reactivity by MultiplateTM (AU min)

[mean (SD)]a,b
152 73.2 ± 23.4 73.2 ± 21.3 0.996

Arachidonic acid-induced platelet reactivity by MultiplateTM

(AU min) [median (IQR)]b
49 71.4 ± 24.3 76.1 ± 26.9 0.532

ADP-induced platelet reactivity by LTA (%) [median (IQR)]a 130 80.6 (74.1–84.5) 75.1 (70.5–82.8) 0.112

Serum TxB2 (pg/mL) levels [mean (SD)]a 59 208.6 ± 59.6 202.7 ± 58.5 0.770

Values are expressed as mean ± SD or median (IQR)
Lp(a) lipoprotein (a), PFA-100 platelet function analyzer 100TM, C-EPI collagen–epinephrine, ARU aspirin reaction units,
ADP adenosine diphosphate, AU area under the curve, min minutes, LTA light transmission aggregometry, TxB2
thromboxane B2, IQR interquartile range
P values are from Student’s t test or Mann–Whitney test
a Individuals with CAD
b Individuals without CAD

Fig. 3 Association between lipoprotein (a) concentrations
and ADP-induced platelet reactivity. Linear regression was
represented for Lp(a) measured in mg/dL versus ADP-
induced platelet reactivity evaluated by VerifyNowTM

P2Y12 assay (PRU). Lp(a) lipoprotein (a), ADP adenosine
diphosphate, PRU P2Y12 reaction units
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outcomes, our study would have more than
95% power to detect such a difference.
Nonetheless, we cannot rule out a smaller dif-
ference of uncertain clinical significance. Lastly,
our CAD population was from a single center
and included only individuals taking aspirin as
the sole antiplatelet agent. However, our find-
ings are consistent with prior reports [48], thus
suggesting that our patients were well repre-
sentative of a general population of patients
with CAD.

CONCLUSIONS

Among a population that included individuals
with and without CAD, concentrations of
Lp(a) C 50 mg/dL were not associated with
higher platelet reactivity. Further studies are
needed to better clarify the pro-thrombotic
mechanism related to Lp(a) in order to identify
new strategies for Lp(a) lowering and associated
reduction in cardiovascular risk.
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