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Abstract
Lipoprotein(a) [Lp(a)] is an independent, genetically determined, and causal risk factor for cardiovascular disease. Laboratory 
data have suggested an interaction of Lp(a) with platelet function, potentially caused by its interaction with platelet recep-
tors. So far, the potential association of Lp(a) with platelet activation and reactivity has not been proven in larger clinical 
cohorts. This study analyzed intrinsic platelet reactivity before loading with clopidogrel 600 mg and on-treatment platelet 
reactivity tested 24 h following loading in patients undergoing elective coronary angiography. Platelet reactivity was tested 
by optical aggregometry following stimulation with collagen or adenosine diphosphate as well as by flow cytometry. Lp(a) 
levels were directly measured in all patients from fresh samples. The present analysis included 1912 patients. Lp(a) levels 
ranged between 0 and 332 mg/dl. There was a significant association of rising levels of Lp(a) with a higher prevalence of 
a history of ischemic heart disease (p < 0.001) and more extensive coronary artery disease (p = 0.001). Results for intrinsic 
(p = 0.80) and on-clopidogrel platelet reactivity (p = 0.81) did not differ between quartiles of Lp(a) levels. Flow cytometry 
analyses of expression of different platelet surface proteins (CD41, CD62P or PAC-1) confirmed these findings. Correlation 
analyses of levels of Lp(a) with any of the tested platelet activation markers did not show any correlation. The present data 
do not support the hypothesis of an interaction of Lp(a) with platelet reactivity.
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Abbreviations
Lp(a)  Lipoprotein(a)
MI  Myocardial infarction
Apo(a)  Apolipoprotein(a)
PCI  Percutaneous coronary intervention
ADP  Adenosine diphosphate

Highlights

• Lipoprotein(a) is as risk factor for coronary events.
• Laboratory data have suggested an interaction of Lp(a) 

with platelet function.
• The present data do not support the hypothesis of an 

interaction of Lp(a) with intrinsic or on dual antiplatelet 
therapy platelet reactivity but confirms the importance 
of Lp(a) as risk factor for coronary events.

• These findings might be important to define the safety of 
evolving therapeutic options for lowering Lp(a).

Introduction

Lipoprotein(a) [Lp(a)] is an independent and causal risk 
factor for premature coronary heart disease, myocar-
dial infarction (MI), atherosclerosis, aortic valve steno-
sis, and stroke [1–4]. Lp(a) is a LDL-like particle, which 
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consists of an apolipoprotein B-100 disulfide-linked to an 
apolipoprotein(a) [Apo(a)] [5]. Levels of Lp(a) are primar-
ily genetically determined, have limited variability within 
a pre-defined range among individuals, and show a wide 
variance among different populations [2, 6]. Lp(a) appears to 
be an attractive target for reduction of cardiovascular events 
since retrospective analyses have suggested that lowering 
of levels of Lp(a) appears to be associated with a reduced 
cardiovascular risk [4]. In particular, antisense oligonucleo-
tide therapy seems to be a promising way to lower levels of 
Lp(a) [7, 8].

The association of Lp(a) with potential anti-fibrinolytic 
activity is well known, yet the clinical relevance of this has 
been recently questioned by studies showing no association 
of genetically determined Lp(a) levels with deep venous 
thromboses [9]. In addition, several studies have indicated 
that there might be a potential interaction of Lp(a) with the 
plasma coagulation cascade and platelet function through 
its apo(a) component and content of oxidized phospholip-
ids. For example, Lp(a) may activate platelets through the 
surface receptors PAR-1 and CD36 and in contrast, may 
prevent latent activation/aggregation through the receptors 
GPIIb/IIIa and P2Y1 as well as by interacting with platelet 

activating factor (Fig. 1) [10–22]. The net effect of these 
divergent interactions cannot be easily determined in vitro. 
Therefore, patient cohorts on therapies affecting these path-
ways are required to assess their clinical relevance. Given 
the novel therapeutic options for reducing levels of Lp(a), 
it appears of importance to evaluate this potential interac-
tion to define the safety of lowering Lp(a). Thus, the present 
study sought to investigate the potential association of Lp(a) 
levels with platelet activation and on-treatment platelet reac-
tivity in a large clinical cohort.

Material and methods

Study population

The present study is a secondary analysis of the prospec-
tive EXCELSIOR study (Impact of Extent of Clopidogrel-
Induced Platelet Inhibition during Elective Stent Implanta-
tion on Clinical Event Rate; ClinicalTrials.gov Identifier: 
NCT00457236), which investigated platelet reactivity in 
patients undergoing elective coronary angiography as poten-
tial candidates for percutaneous coronary intervention (PCI) 

Fig. 1  Potential pathways of interaction of LP(a) with platelet func-
tion. Shown is an overview of important platelet receptors with its 
ligands. Potential receptors by which Lp(a) as ligand could activate 
(red arrows) or inhibit (blue arrows) platelet aggregation are pre-
sented. ADP adenosine diphosphate, ASA acetylsalicylic acid, cAMP 
Cyclic adenosine monophosphate, COX-1 cyclooxygenase-1, Lyso-

PC Lysophosphatidylcholines, OxPL oxidized phospholipids, PAC-1 
procaspase-activating compound 1, PAF platelet-activating factor, 
PLA2 Phospholipases A2, PSGP1 P-selectin glycoprotein ligand 1, 
SCH530348 Vorapaxar, TRAP/SFLLRN thrombin receptor activating 
peptide, TxA2 Thromboxan-A2, VASP vasodilator-stimulated phos-
phoprotein, vWF von willebrand factor
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[23]. The study was approved by the ethics committee of the 
University of Freiburg, Germany. Written informed consent 
was given by all participants.

All patients received a pre-treatment with 600 mg of 
clopidogrel and were on aspirin before coronary angiog-
raphy. Patients not on aspirin ≥ 100 mg daily for five days 
bevor enrolment received an oral loading dose of 400 mg 
(24.7% of patients, given at mean 3.1 h bevor coronary 
angiography). Key exclusion criteria were chronic treatment 
with clopidogrel or ticlopidine or current oral anticoagu-
lation, contraindication to aspirin, clopidogrel or heparin 
as well as active cancer or terminal renal failure. PCI was 
performed as previously described [23, 24] and was timed 
according to the routine schedule of the catheterization lab-
oratory. All patients received a maintenance therapy with 
clopidogrel (75 mg daily) if coronary intervention was per-
formed together with aspirin (≥ 100 mg) lifelong. Patients 
were contacted by telephone up to 10 years following enrol-
ment to obtain a complete long-term follow-up. Key clinical 
endpoints were death of any cause and MI according to the 
Universal Definition of Myocardial Infarction.

Platelet function studies

Blood samples were drawn before loading with clopidogrel 
to test intrinsic platelet reactivity and at day 1 following 
loading 2–4 h after intake of the first maintenance dose of 
clopidogrel. Tubes containing 3.2% sodium-citrate (Sarstedt, 
Nuembrecht, Germany) were used for blood drawing and 
processed within 1 h after. Turbidimetric aggregometry 
using a four-channel Bio/Data PAP4 aggregometer (Mölab, 
Langenfeld, Germany) was used to test platelet aggregation 
as marker for platelet reactivity as previously described [23, 
25]. Platelet-rich plasma was prepared by centrifugation of 
citrated venous blood at 750 g for 2 min and adjusted to 
275–325 × 109 thrombocytes/l by dilution with platelet-
poor plasma from the same patient. To induce aggregation 
Adenosine diphosphate (ADP) (Sigma-Aldrich, Munich, 
Germany), collagen (Nycomed Pharma, Unterschleis-
sheim, Germany), or arachidonic acid (Mölab, Hilden, 
Germany) were added. In Platelet-rich plasma light trans-
mission aggregometry was performed and was determined 
5 min after adding ADP at a final concentration of 5 µM or 
collagen 2.5 mg/L or arachidonic acid 500 mg/L. Results 
were expressed as percentage of maximal light transmission 
using platelet-poor plasma from the same patient as refer-
ence (= 100% aggregation). The used optical aggregometry 
assay has a coefficient of variation of 6.1% [23, 24]. Expres-
sion of P-selectin and activated GP IIb/IIIa were determined 
by triple color flow cytometry (FACS) after staining of the 
platelets with FITC-tagged PAC-1 (Becton Dickinson, Hei-
delberg, Germany), PE-tagged CD62P and PC7-tagged 
CD41 (Beckman Coulter, Krefeld, Germany) monoclonal 

antibodies and incubation with 20 μM ADP as described 
previously [25].

Lp(a) measurement

At hospital admission, levels of Lp(a) were measured as a 
routine laboratory parameter using an immunoturbidimetric 
assay (Tina-quant®, Roche, Bale, Switzerland) on a Hitachi-
Modular system.

Statistical methods

For all analyses, continuous variables are presented as 
median ± interquartile range and discrete variables are 
reported as counts (percentages). We used the χ2-test to 
test for differences between groups of discrete variables 
and the Kruskal–Wallis test for non-Gaussian variables. A 
p value < 0.05 was regarded as significant. To analyze the 
impact of the Lp(a)-levels on platelet reactivity, patients 
were stratified into quartiles of Lp(a) levels in a similar 
fashion to previous studies. In addition, we investigated the 
influence of Lp (a) as a continuous variable using logistic 
regression and for correlation Spearman-Rho. Follow-up 
data were tested by cox regression analysis. The SPSS soft-
ware package, version 25, was used for all analyses (IBM 
Corporation, Armonk, NY, USA). Statistical graphs were 
designed with GraphPad PRISM 8 (GraphPad Software, San 
Diego, CA, USA).

Results

In total, 3696 patients were screened and 1912 patients with 
available platelet function and Lp(a) test results could be 
included in this analysis (Fig. 2). The median age of the 
patients was 66 [59–72] years and 67.9% were male. Levels 
of Lp(a) ranged between 0 and 332 mg/dl. There was no 
significant difference between quartiles of Lp(a) levels for 
age, left ventricular function or several cardiovascular risk 
factors such as arterial hypertension, diabetes mellitus, or 
obesity. Low-density lipoprotein cholesterol did not differ 
between quartiles whereas high-density lipoprotein choles-
terol demonstrated significant but numerically small differ-
ences between quartiles.

The prevalence of hypercholesterolemia, a positive family 
history for cardiovascular disease or a previous MI, PCI or 
coronary artery bypass grafting increased with rising lev-
els of Lp(a) (Table 1). A similar association was found on 
coronary angiography: the severity of coronary heart disease 
was increasing with rising levels of Lp(a). Almost 70% of 
patients in the highest quartile of Lp(a) levels had a coronary 
stenosis ≥ 75% or a stenosis ≥ 50% of the left main coronary 
artery. This led to an indication for PCI in more than 57% 
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of patients in the highest quartile of Lp(a). The association 
of levels of Lp(a) and cardiovascular disease was also con-
firmed during clinical follow-up of 5.6 years. During this 
period, 222 (11.6%) patients died and MI occurred in 103 
(5.4%) patients. Levels of Lp(a) were significantly associated 

with the risk of death or MI (hazard ratio 1.005; 95%-confi-
dence interval 1.001–1.008; p = 0.01).

Platelet reactivity as tested with light transmission 
aggregometry did not show any differences between quar-
tiles of Lp(a). Following stimulation with collagen or ADP, 

Fig. 2  Study flow. Shown is 
the study flow regarding to the 
inclusion/ exclusion criteria. 
ASA acetylsalicylic acid

Table 1  Baseline characteristics

CAD coronary arterial disease, PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, LM left main, HDL = high den-
sity lipoprotein, LDL low density lipoprotein, LV left ventricle

Whole popula-
tion n = 1912

Lp(a) < 9 mg/dl 
n = 494

Lp(a) 9-20 mg/dl 
n = 481

Lp(a) 21-58 mg/dl 
n = 465

Lp(a) > 58 mg/dl 
n = 472

p value

Age (years) 66 [59–72] 66 [59–73] 65 [59–72] 66 [61–72] 66 [59–72] 0.33
Male sex 1298 (67.9%) 342 (69.2%) 328 (68.2%) 313 (67.3%) 315(66.7%) 0.85
Hypertension 1503 (78.6%) 383 (77.5%) 373 (77.5%) 376 (80.9%) 371 (78.6) 0.56
Diabetes mellitus 404 (21.1%) 112 (22.7%) 111 (23.1%) 94 (20.2%) 87 (18.4%) 0.25
Obesity 594 (31.1%) 169 (34.2%) 148 (30.8%) 137 (29.5%) 140 (29.7%) 0.35
History of smoking 656 (34.3%) 173 (35.0%) 171 (36.0%) 142 (30.5%) 168 (35.6%) 0.23
Family history for 

CAD
596 (31.2%) 128 (25.9%) 154 (32.0%) 148 (31.8%) 166 (35.2%) 0.02

Hypercholesterolemia 1674 (87.6%) 426 (86.2%) 416 (86.5%) 400 (86.0%) 432 (91.5%)  < 0.001
Statin therapy 974 (50.9%) 221 (44.7%) 221 (45.9%) 235 (50.5%) 297 (62.9%)  < 0.001
Previous PCI 579 (30.3%) 135 (27.3%) 133 (27.7%) 129 (27.7%) 182 (38.6%)  < 0.001
Previous CABG 212 (11.1%) 38 (7.7%) 43 (8.9%) 48 (10.3%) 83 (17.6%)  < 0.001
Previous myocardial 

infarction
416 (21.8%) 31 (18.4%) 96 (20.0%) 90 (19.4%) 139 (29.4%)  < 0.001

Severity of coronary 
obstruction

  < 20% 287 (15.0%) 78 (15.8%) 78 (16.2%) 87 (18.7%) 44 (9.3%) 0.001
 20–49% 327 (17.1%) 95 (19.2%) 88 (18.3%) 76 (16.3%) 68 (14.4%)
 50–74% 155 (8.1%) 37 (7.5%) 42 (8.7%) 38 (8.2%) 38 (8.1%)
  ≥ 75% o. LM ≥ 50% 1143 (59.8%) 284 (57.5%) 273 (56.8%) 264 (56.8%) 322 (68.2%)
 Indication for PCI 936 (49.1%) 238 (48.2%) 224 (46.6%) 204 (43.9%) 272 (57.6%)  < 0.001
 HDL-Chol. (mg/dl) 54 [45–65] 53 [45–64] 53 [44–63] 55 [46–66] 55 [47–66] 0.02
 LDL-Chol. (mg/dl) 126 [102–153] 123 [100–151] 126 [102–154] 127 [103–153] 127 [104–153] 0.31
 Normal LV-Func-

tion
1293 (67.6%) 338 (68.4%) 337 (70.1%) 321 (69.0%) 297 (62.9%) 0.12
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there was no significant and almost no numerical difference 
between quartiles for both, intrinsic and on-clopidogrel 
platelet reactivity (Fig. 3). Platelet reactivity following stim-
ulation with arachidonic acid to test the effect of aspirin did 
also not differ between quartiles (p = 0.44). Surface protein 
expression of CD41, CD62P and PAC-1 following stimula-
tion with ADP as assessed by FACS demonstrated similar 
results between the four quartiles of Lp(a) before as well as 
after loading with clopidogrel (Fig. 4). Furthermore, there 
was no correlation between levels of Lp(a) and results of 
platelet function studies (Table 2). However, platelet func-
tion correlated well with previously described predictors of 
platelet reactivity such as age, body mass index, diabetes, 
or platelet count.

Discussion

The present study investigated the clinical significance of the 
proposed interaction of levels of Lp(a) with platelet reactiv-
ity. The key finding of the present study is that in contrast to 

previous in vitro findings, the present data from a large and 
well powered cohort do not indicate any association of Lp(a) 
and in-vivo platelet function in patients on aspirin or on 
dual antiplatelet therapy. Results of flow cytometry analyz-
ing surface protein expression on platelets confirmed these 
results. These findings, along with similar data from coagu-
lation studies [26] showing no effect on fibrinolysis param-
eters with potent Lp(a) lowering treatment, suggest that the 
risk for coronary vascular disease associated with levels of 
Lp(a) may be primarily mediated by pro-atherogenic and 
pro-inflammatory effects via its oxidized phospholipids 
rather [27] than by anti-fibrinolytic or anti-platelet effects. 
These findings may have implications in the mechanism of 
any potential benefit in an ongoing trial testing the “Lp(a) 
hypothesis” with Lp(a) lowering by an antisense oligonu-
cleotide (ClinicalTrials.gov Identifier: NCT04023552).

Similar results were seen in a recently published small in-
vivo study that did not find any difference between intrinsic 
platelet reactivity in patients with levels of Lp(a) < 50 mg/
dl versus ≥ 50 mg/dl [28]. These findings are in contrast to 
the results of in-vitro studies showing multiple different 

Fig. 3  Light transmission aggregometry stratified according to quartiles of LP(a). Shown is the intrinsic and on-dual antiplatelet therapy (DAPT) 
platelet reactivity tested 24 h following loading with clopidogrel
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pathways of interaction between Lp(a) and platelets (Fig. 1). 
Experimental studies have shown that Lp(a) binds specifi-
cally and reversibly to platelets [20–22]. It was suggested 
that there might be a specific receptor for Apo(a) on platelets 
which modulates platelet function [21]. After activation of 
platelets with ADP, thrombin or arachidonic acid, the affin-
ity of platelets to Apo(a) did not change but the binding of 
Lp(a) increased by 2- to 10-fold [20, 21]. However, it is still 
not proven so far if Apo(a) can interact with the plasmino-
gen receptor of platelets [14] given its similar structure as 
compared to plasminogen. Other data suggested that Lp(a) 
binds to the fibrinogen (GPIIb/IIIa) receptor of platelets 
independently of its Apo(a) subunit [22]. However, further 
studies demonstrated that the IIb subunit of the fibrinogen 
(GPIIb/IIIa) receptor is inactivated by Apo(a), which inhibits 
platelet aggregation [12, 18]. Apart from different ways of 
binding of Lp(a) to platelets, it was shown that Lp(a) has an 
impact on different pathways of platelets. Cyclic AMP levels 
in platelets are up- or downregulated dependent on levels of 
Lp(a) [11]. It was demonstrated that platelet activation by 
ADP is inhibited by Lp(a) whereas other studies could not 
confirm these findings [10, 15, 18, 19]. Platelet activation 
promoted by the platelet-activation factor is also inhibited by 
Lp(a) [13, 16]. Apo(a) can lead to a decreased thromboxane 

 A2 production in platelets and serotonin release as well as 
inhibition of collagen induced aggregation [10, 19]. But 
there are not only inhibiting effects on platelets. Other stud-
ies indicated that platelet response to the thrombin receptor-
activating peptide SFLLRN is enhanced by Apo(a) [15]. It 
was also shown that oxidized phospholipids, which are part 
of Lp(a), are playing a role in atherosclerosis in particular by 
interacting with the CD36 receptor on platelets [17]. Binding 
of Apo(a) appears also to promote aggregation of platelets as 
demonstrated by lower doses of arachidonic acid needed to 
induce aggregation following binding of Lp(a) [21].

Beside inhibiting and activating effects on platelets also 
binding of plasminogen and tissue-type plasminogen activa-
tor to platelets is inhibited by Lp(a) and it acts as a competi-
tive inhibitor of plasminogen activation by tissue-type plas-
minogen activator on the surface of platelets. Fibrinolysis 
might be impaired by this mechanism [20].

Lowering Lp(a) might decrease the risk for major 
ischemic events. Currently, only niacin, lipid apheresis, 
and PCSK9-inhibitors [29, 30] have shown to reduce lev-
els of Lp(a) whereas statin therapy has demonstrated no 
effect or an increase in levels of Lp(a) [31]. Antisense 
oligonucleotide therapy to lower Lp(a) [7, 8] seems to be 
a promising way but is not available for clinical use so 

Fig. 4  Surface protein expression stratified according to quartiles of LP(a). Shown is the intrinsic and on- dual antiplatelet therapy (DAPT) 
platelet reactivity tested 24 h following loading with clopidogrel
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far. However, this approach has reached phase III testing 
and might become available in the near future. Thus, the 
present data might help define the potential safety of this 
therapeutic approach by demonstrating that the previously 
suggested interaction of Lp(a) and platelet function does 
not appear to be of importance in the target population for 
Lp(a) lowering.

Limitations

This analysis is retrospective with all adherent limitations. 
Since only patients admitted for elective coronary angiog-
raphy were enrolled, the present data cannot be extrapolated 
to the overall population. The number of clinical endpoints 
within the analyzed follow-up was limited.

Table 2  Correlation of Lp(a) and clinical variables with platelet reactivity

Correlation of Lp(a) and clinical variables with platelet reactivity measured by light transmission aggregometry (A) and with surface protein 
expression following stimulation with ADP (B). Correlation coefficient and p value by Spearman correlation. Surface protein expression was 
measured under stimulation by ADP. DAPT dual antiplatelet therapy

A Intrinsic platelet reactivity On-DAPT platelet reactivity

 Stimulating reagent Arachidonic acid 
(500 mg/L)

Collagen 
(2.5 µg/ml)

ADP (5 µM) Collagen 
(2.5 µg/ml)

ADP (5 µM)

Lp(a) Correlation coefficient 0.018 0.000 − 0.024 0.042 0.009
p value 0.423 0.997 0.291 0.261 0.818

Age Correlation coefficient 0.020 0.047 0.137 0.087 0.133
p value  < 0.001 0.041  < 0.001 0.018  < 0.001

Body mass index Correlation coefficient 0.020 0.031 0.028 0.035 0.091
p value 0.382 0.179 0.226 0.341 0.014

Diabetes Correlation coefficient 0.037 0.036 0.025 0.117 0.128
p value 0.111 0.111 0.279 0.002 0.001

History of smoking Correlation coefficient − 0.058 − 0.036 − 0.057 0.061 0.042
p value 0.011 0.117 0.013 0.099 0.259

Creatinine level Correlation coefficient 0.016 − 0.079 − 0.041 − 0.011 0.014
p value 0.483 0.001 0.074 0.765 0.708

Platelet count Correlation coefficient − 0.035 − 0.056 − 0.074 − 0.119 − 0.114
p value 0.129 0.014 0.001 0.001 0.002

B Intrinsic platelet reactivity On-DAPT platelet reactivity

CD41 CD62P PAC-1 CD41 CD62P PAC-1

Lp(a) Correlation coefficient 0.001 0.020 0.005 0.005 − 0.027 − 0.032
p value 0.957 0.409 0.827 0.903 0.491 0.426

Age Correlation coefficient − 0.058 0.062 0.006 − 0.038 − 0.003 0.043
p value 0.017 0.011 0.808 0.342 0.938 0.274

Body mass index Correlation coefficient − 0.029 − 0.035 − 0.054 0.044 0.055 0.082
p value 0.230 0.156 0.026 0.272 0.164 0.038

Diabetes Correlation coefficient − 0.005 0.011 − 0.056 0.013 0.079 0.069
p value 0.848 0.664 0.022 0.747 0.046 0.080

History of smoking Correlation coefficient − 0.016 − 0.030 − 0.021 0.051 0.081 0.077
p value 0.512 0.224 0.392 0.196 0.040 0.051

Creatinine level Correlation coefficient 0.065 − 0.026 − 0.063 0.019 − 0.001 − 0.036
p value 0.008 0.284 0.009 0.627 0.978 0.368

Platelet count Correlation coefficient − 0.135 − 0.031 − 0.110 − 0.152 − 0.035 − 0.127
p value  < 0.001 0.211  < 0.001  < 0.001 0.380 0.001
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Conclusions

The present data do not support the hypothesis of an inter-
action of Lp(a) with platelet reactivity but confirms the 
importance of Lp(a) as risk factor for coronary events. 
These findings might be important to define the safety of 
evolving therapeutic options for lowering Lp(a).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11239- 021- 02515-2.
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