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Abstract 

Background. Soluble proprotein convertase subtilisin/kexin type 9 (PCSK9) has been shown to be 

predictive of cardiovascular events (CVEs) in patients at high cardiovascular risk. No data on atrial 

fibrillation (AF) are available.  

Objectives. To investigate 1) the association between PCSK9 and CVEs in AF; 2) the relationship between 

PCSK9 and urinary 11-dehydro-thromboxane (Tx)B2, a marker of platelet activation. 

Methods. Prospective single-center cohort study including 907 AF patients treated with vitamin K antagonists 

(3865 patient/years) to assess CVEs, including fatal/non-fatal myocardial infarction and ischemic stroke and 

cardiovascular death. At admission, plasma PCSK9 and urinary TxB2 (n=852) were measured. Population was 

divided into tertiles of PCSK9 for the analysis. 

Results. Mean age of patients was 73.5(±8.2) years, and 43.0% were women. At follow-up 179 CVEs 

(4.6%/years) occurred: 43 (15.3%), 49 (15.5%) and 87 (28.0%) in the 1
st
, 2

nd
 and 3

rd
 tertile of PCSK9, 

respectively (log-rank test p=0.009). Patients with CVEs had higher median PCSK9 compared to those 

without (1500 [1000-2300] vs. 1200 [827-1807] pg/ml, respectively p<0.001). Multivariable Cox regression 

analysis showed that 3
rd

 tertile of PCSK9 (vs. 1
st
, HR:1.640, 95%CI 1.117-2.407, p=0.012), female sex, age, 

diabetes, smoking, heart failure, previous cerebrovascular and cardiac events, digoxin use and total 

cholesterol/HDL ratio were associated with CVEs. In 682 patients not treated with antiplatelet, circulating 

PCSK9 and TxB2 were significantly correlated (rS:0.665, p<0.001).  

Conclusions. Plasma PCSK9 levels are associated with an increased risk of CVEs in AF patients. The direct   

correlation between PCSK9 and TxB2 suggests PCSK9 as a mechanism potentially implicated in platelet 

activation. 

 

Condensed abstract 

Soluble proprotein convertase subtilisin/kexin type 9, (PCSK9) is emerging as a novel risk factor for 

cardiovascular events (CVEs). Its role in atrial fibrillation (AF) has never been described. We investigate 1) 

the predictivity of PCSK9 towards CVEs 2) the relationship between PCSK9 and thromboxane (Tx) B2, a 

marker of platelet activation. Serum PCSK9 was significantly higher in patients with compared with those 

without CVEs (1500 vs. 1200 pg/ml, p<0.001). At multivariate analysis, the 3
rd

 tertile of PCSK9 (vs. 1
st
, 

HR:1.640, 95%CI 1.117-2.407, p=0.012) predicted CVEs. PCSK9 was not correlated with lipid profile. 

Circulating PCSK9 and TxB2 were significantly correlated (rS:0.665, p<0.001). 

 

Keyword: Proprotein convertase subtilisin/kexin type 9, cardiovascular events, atrial fibrillation, thromboxane, 

platelets. 
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Abbreviations 

11-dehydro-thromboxane (TxB2) 

Acute coronary syndrome (ACS) 

Atrial Fibrillation (AF) 

Cardiovascular events (CVE) 

Heart failure (HF) 

High-density lipoprotein (HDL) 

Low-density lipoprotein (LDL) 

Myocardial infarction (MI) 

Ox-LDL receptors (Lox-1) 

Percutaneous coronary intervention (PCI) 

Proprotein convertase subtilisin/kexin type 9 (PCSK9) 

Toll Like receptor 4 (TLR4) 

Transient ischemic attack (TIA) 

Very low-density lipoprotein (VLDL) 
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Introduction 

Atrial fibrillation (AF) is the most common cardiac arrhythmia and is associated with a high risk for 

thromboembolic stroke(1). In addition to thrombo-embolism, AF patients are at high risk of experiencing 

cardiovascular complications, such as myocardial infarction (MI), with a rate ranging from 0.5 to 4%/year(2). 

This increased risk of cardiac complications is partially explained by the simultaneous presence in AF patients of 

several atherosclerotic risk factors, such as hypertension, diabetes and peripheral artery disease. A common 

mechanism linking all these factors is the alteration of platelet function, which has been found to be up-regulated 

in these settings(2). In particular, arterial hypertension is the most commonly represented risk factor in AF 

and might be associated to increased platelet activation(3) but data, at this regard, are not univocal and 

needs further investigation(4). 

The role of platelet activation has been recently investigated in a large cohort of AF patients where urinary 

excretion of 11-dehydro-thromboxane (Tx) B2, a marker reflecting platelet activation, was directly correlated to 

the incidence of cardiovascular events (CVEs)(5).  

Mounting evidence suggests that proprotein convertase subtilisin/kexin type 9 (PCSK9) has adverse effects on 

cardiovascular system through several pathways, including pro-inflammatory low-density lipoprotein (LDL) 

oxidation and direct modification of coronary plaque composition(6, 7). Recently, circulating PCSK9 was 

suggested to be implicated in platelet activation independently from its effect on lipid metabolism(7). Thus, 

patients with acute coronary syndrome (ACS) were found to have significantly higher concentration of circulating 

PCSK9 compared with controls(8) and, increased PCSK9 levels were associated with higher platelet reactivity in 

ACS patients undergoing percutaneous coronary intervention (PCI)(9). 

The interplay between soluble PCSK9 and CVEs in the general population gave contrasting results(10-12); 

noteworthy, plasma concentration of PCSK9 has never been investigated in the setting of AF.  

Thus, the aims of this study were to investigate 1) the association between circulating PCSK9 and incidence of 

CVEs in patients with AF, 2) the relationship between soluble PCSK9 and urinary excretion of 11-dehydro-TxB2. 
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Methods 

Study design 

We conducted a prospective single-center cohort study including patients with non-valvular AF who
 
referred to 

the Athero-thrombosis Centre of the Department of Internal Medicine and Medical Specialties of Sapienza-

University of Rome for monitoring and management of antithrombotic therapies from February 2008 to 

December 2016. All patients presenting with non-valvular AF and aged >18 years were eligible for the 

study. All patients were treated with vitamin K antagonists after appropriate thrombotic risk stratification(13) 

(INR target 2.5). Exclusion criteria were prosthetic heart valves, or the presence of any severe valvulopathies, 

severe cognitive impairment, chronic infections (Human Immunodeficiency Virus infection, Hepatitis C virus, 

Hepatitis B virus) or autoimmune systemic disease. Subjects were also excluded from the study if they had active 

cancer or liver insufficiency (eg, cirrhosis). At study entry, medical history was recorded for each patient. 

Cardiovascular risk factors, such as arterial hypertension(14), diabetes(15), and heart failure (HF)(16) were 

defined according to international guidelines.  

At baseline, a lipid profile including total cholesterol (mg/dl), high-density lipoprotein (HDL, mg/dl) and 

triglycerides (mg/dl) was obtained. Low-density lipoprotein (LDL, mg/dl) cholesterol was calculated by the 

validated Friedwald formula, and very low-density lipoprotein (VLDL, mg/dl) cholesterol as triglycerides/5. Total 

cholesterol/HDL ratio was also calculated. 

 

Cardiovascular Events (CVEs) 

The primary outcome of the study was a combined endpoint of cardiovascular events (CVEs) including 

fatal/nonfatal myocardial infarction and ischemic stroke, cardiac revascularization (stent or coronary artery bypass 

surgery/CABG), cardiovascular death and transient ischemic attack (TIA). The classification and adjudication of 

CVEs have been previously described(5). All patients provided a written informed consent at baseline. The study 
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protocol was approved by the local ethical board of Sapienza-University of Rome (n° 1306/2007) and was 

conducted according to principles of the Declaration of Helsinki.  

 

Laboratory methods 

Blood samples obtained from patients after supine rest for at least 10 min, were taken into tubes with 3.8% 

sodium citrate and centrifuged at 300×g for 10 min to obtain supernatant and immediately stored at -80°C until 

use. Plasma levels of PCSK9 were measured by ELISA using a commercial assay (BOSTER BIOLOGICAL 

TECHNOLOGY, Pleasanton, CA). Plasma samples were diluted 1:10 in diluent buffer. Data are expressed as 

ng/ml and the minimal detectable dose of PCSK9 was <10 pg/ml in human plasma. The intra-assay and inter-

assay coefficient of variance was 5,8% and 6,9 % respectively. 

Urinary samples were immediately stored at -80°C until use. The excretion of urinary 11-dehydro-TxB2 was 

measured by an enzyme-linked immunosorbent assay commercial kit (Cayman Chemical, Ann Arbor, MI). Data 

are expressed as ng/mg creatinine. Intra-assay and inter-assay coefficients of variation were 4.0% and 3.6%, 

respectively.  

Statistical analysis 

Categorical variables were reported as counts (percentage) and Pearson χ
2
 test was used to compare proportions. 

Distribution of continuous variables was assessed by the Kolmogorov–Smirnov test. 

Normally-distributed continuous variables were expressed as mean ± standard deviation. Bivariate analysis was 

performed with student t test and Pearson's linear correlation.  Non-normally distributed continuous variables 

were expressed as median and interquartile range (25
th

 and 75
th

), and analyzed by appropriate non-parametric tests 

(Mann-Whitney U test). Groups comparisons were made with ANOVA or Kruskal-Wallis test, as appropriate. 

Continuous variables with non-normal distribution were log-transformed for multivariate analysis.  

For the analysis, we divided the cohort according to tertiles of PCSK9 values. The cumulative risk for CVEs 

was estimated using a Kaplan–Meier method. The survival curves were then formally compared using the log-

rank test. Cox proportional hazards analysis was used to calculate the adjusted relative hazard ratio (HR) of 
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CVEs by each clinical variable. Covariates entered in the Cox multivariable regression model are listed in 

table 4. We used anti-hypertensive drugs rather than hypertension for the model. A stepwise linear 

regression analysis was performed to assess determinants of 11-dehydro-TxB2 using the same covariates 

mentioned above. Values of 11-dehydro-TxB2 were log-transformed for the linear regression analysis. All tests 

were two-tailed and analyses were performed using computer software packages (SPSS-18.0, SPSS Inc.). Only p 

values <0.05 were considered as statistically significant. 

Sample size was planned assuming an HR equal to 1.67 when comparing the third to the first two tertiles, 

for an overall event rate of 20%. We consequently calculated that a sample size of 902 patients would give 

90% power for the primary endpoint at a pre-fixed Type I error rate of 5%. 

 

Results  

Of the initially 1138 patients, 150 patients did not meet the entry criteria and were excluded, 26 refused to 

participate in the follow-up study. Moreover, 55 patients were lost to follow-up (28 were diagnosed with 

cancer, and 27 underwent cardiac valve surgery or organ transplantation) and data were censored. Thus, 

the final study cohort was composed by 907 AF patients. Median follow-up was 40.5 (20.9-67.6, min. 3 

months max. 100 months) months yielding 3865 patient/years of observation. Characteristics of patients are 

reported in table 1. Mean age was 73.5±8.2, and 43.0% were women.  

Patients’ characteristics according to tertiles of PCSK9 are reported in Table 2. We found a significant 

difference in the distribution of persistent/permanent AF, beta blockers and amiodarone use among tertiles 

of PCSK9 (Table 2). PCSK9 levels were not correlated with lipid profile in patients treated or not with 

statins (Table 3). 
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Cardiovascular endpoints 

The total number of CVEs registered during the follow-up was 179 (4.6%/years). Of these, 39 were fatal/non-fatal 

myocardial infarctions, 20 cardiac revascularizations, 72 cardiovascular deaths and 48 cerebrovascular events (41 

fatal/non-fatal ischemic strokes and 7 TIAs). Patients with CVEs were older, with a higher prevalence of diabetes, 

HF, and previous ischemic events; moreover, they disclosed higher CHA2DS2-VASc score, lower HDL levels and 

higher total cholesterol/HDL ratio (Table 1). 

Of the 179 CVEs, 43 (15.3%), 49 (15.5%) and 87 (28.0%) were in the first, second and third tertile of 

PCSK9 respectively (log-rank test p=0.009, Figure 2).  

 Higher median PCSK9 was detected in patients with compared to those without CVEs (1500 [1000-2300] 

vs. 1200 [827-1807] pg/ml, p<0.001).  

Multivariable Cox regression analysis showed that female sex (HR:0.719, 95%CI 0.522-0.991, p=0.044), age 

(HR:1.092, 95%CI 1.067-1.117, p<0.001), diabetes (HR:1.461, 95%CI 1.037-2.060, p=0.030), smoking 

(HR:1.692, 95%CI 1.009-2.838, p=0.046), heart failure (HR:1.453, 95%CI 1.005-2.101, p=0.047), previous 

cerebrovascular (HR:1.697, 95%CI 1.199-2.401, p=0.003) and cardiac events (HR:1.583, 95%CI 1.125-

2.227, p=0.008), digoxin (HR:2.247, 95%CI 1.602-3.151, p<0.001), 3
rd

 tertile of PCSK9 (vs. 1
st
, HR:1.640, 

95%CI 1.117-2.407, p=0.012), total cholesterol/HDL ratio (HR:1.138, 95%CI 1.073-1.206, p<0.001) were 

significantly associated with CVEs (Table 4). 

Similar findings were observed if PCSK9 was used as a continuous variable (Log PCSK9 HR:1.406, 95%CI 

1.086-1.819, p=0.010.) (see Supplementary table 1). Furthermore, the association between PCSK9 and 

CVEs remained significant after excluding patients with previous coronary or cerebrovascular events 

(Supplementary table 2).  

 

PCSK9 and urinary excretion of 11-dehydro-thromboxane B2 

To investigate the potential mechanism accounting for the increased risk of CVEs, we measured the urinary 

excretion of 11-dehydro-TxB2 in 852 patients. For this analysis, we excluded 170 patients treated with 



9 
 

antiplatelet drugs: 106 received aspirin and 64 other antiplatelet drugs (25 ticlopidine, 19 clopidogrel, 16 

lysine acetylsalicylic acid and 4 indobufen). Patients on aspirin disclosed a significant lower urinary 

excretion of TxB2 than those not taking aspirin (100 [50-160] ng/mg creatinine vs. 120 [82-190] ng/mg 

creatinine p=0.026).  

In the 682 not treated with antiplatelets, circulating PCSK9 and TxB2 were significantly correlated 

(rS:0.665, p<0.001). We found a significant increase of urinary TxB2 among groups of PCSK9: 70 [50-100] 

ng/mg creatinine in the first, 135 [100-179] ng/mg creatinine in the second, and 200 [110-374] ng/mg 

creatinine in the third tertile (p<0.001). 

In particular, at follow-up, patients with as compared to those without CVEs, disclosed higher levels of 

urinary TxB2 (Table 1). A stepwise multivariable linear regression analysis showed that age and log-

PCSK9 were the main determinants of urinary log-TxB2 (Table 5). 

 

Discussion 

This prospective study demonstrates that high circulating levels of PCSK9 are predictive of CVEs in patients 

suffering from AF. The significant association between PCSK9 concentration and TxB2 suggests that PCSK9 may 

contribute to CVEs by increasing, at least in part, platelet activation (Figure 1, central figure). 

The secreted protein PCSK9 is a new target for lowering plasma LDL cholesterol and prevents cardiovascular 

disease. The relationship between circulating PCSK9 and incident cardiovascular events in the general population 

was recently investigated in three studies, which provided divergent results(10-12). Leander and colleagues(10) 

studied a large population of 4232 young subjects (mean age 60 year) in primary prevention with a 15-years 

follow-up. They found a direct correlation between PCSK9 plasma concentration and incident CVEs. In 

particular, PCSK9 concentration in the highest compared to the lowest quartile was associated with a HR of 1.69, 

which remained significant after adjustment for typical cardio-metabolic risk factors. Conversely, Ridker et al. 

published a report in which plasma PCSK9 was examined in relation to CVEs in a relatively small nested case-

control study including 716 women, 358 CVD cases and 358 controls (free from events in a 17 year follow up) 
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(11). The Authors did not observe any association between circulating PCSK9 concentration and CVEs. A third 

study by Zhu et al. investigated the relationship between PCSK9 concentrations and measures of vascular health, 

subclinical atherosclerosis, and adverse CVEs, in a cohort of 1527 middle-aged men enrolled in the Firefighters 

and Their Endothelium (FATE) study, who were free from vascular disease at the enrolment and followed up over 

a mean period of 7.2 years(12). Although PCSK9 correlated with LDL-cholesterol, insulin, and triglycerides, it 

was associated neither with vascular indexes or CVEs. Of note, all the three studies were performed in relatively 

young and low-risk subjects, and used different methods to measure PCSK9 making difficult a direct comparison 

of the results. 

The role of PCSK9 has been investigated also in acute cardiovascular settings, such as in patients 

undergoing PCI. Thus, the LURIC study, a prospective study enrolling  2139 patients who referred for 

coronary angiography, found that PCSK9 was not predictive of cardiovascular mortality(17). Similar 

results were obtained in patients affected by acute coronary syndrome, in whom PCSK9 plasma levels were  

associated with inflammatory markers such as C reactive protein but did not predict mortality at 1 year 

(18). On the contrary, a prospective study in  acute coronary syndrome patients undergoing PCI showed 

that  basal levels of PCSK9 were independently associated with increased ischemic cardiac outcomes at 1-

year follow-up (9). 

In our study, we investigated PCSK9 levels in patients with AF, which are characterized by an increased 

risk of cardiovascular and cerebrovascular complications. We found that patients with elevated PCSK9, 

especially those in the upper tertile of PCSK9 (values >1600 pg/ml), were at high-risk of CVEs, after 

adjustment for common cardiovascular risk factors. The predictive value of PCSK9 was maintained after 

adjustment for statin use or lipid profile. 

A novel finding of our study is the significant association between PCSK9 and urinary excretion of TxB2, 

suggesting a potential role of platelet activation in the association between PCSK9 and vascular disease. In 

accordance with this, the HOPE and CHARISMA studies showed that urinary concentrations of TxB2 were 
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predictive of myocardial infarction or cardiovascular death in aspirin-treated patients (19, 20). Despite the 

significant correlation between PCSK9 and urinary TxB2 might suggest a potential role for COX1 

activation, other mechanisms should be considered. Thus, PCSK9 may be implicated in platelet activation 

via expression of ox-LDL receptors (Lox-1)(21) and  Toll-like receptor 4 (22), which are both involved in 

platelet activation(23, 24). However, a direct evidence of the role of PCSK9 on platelet function is still 

lacking and interventional trials to clarify whether modulation of PCSK9 may also affect platelet function 

need to be performed. 

The study has a number of limitations: 1) the observational design of the study does not allow to establish a cause-

effect relationship between the observed associations; 2) the inclusion of only AF Caucasian elderly patients 

(the mean age of patients in our study was >70 years) makes uncertain the generalizability of the results to 

other populations; 3) even if urinary excretion of TxB2 is considered a validated marker of platelet 

activation, it reflects the activity of different enzymatic systems such as COX2, and does not fully correlate 

with on-treatment platelet reactivity (25, 26). Hence, the data here reported are to be considered with 

caution and need to be confirmed by study directly measuring platelet reactivity; 4) we cannot exclude that 

systemic inflammation may contribute to PCSK9 circulating concentrations; thus, previous study showed 

that plasma PCSK9 levels are correlated with markers of inflammation such as C reactive protein and 

fibrinogen(27). 

In conclusion, circulating PCSK9 levels are associated with CVEs in patients with AF, and PCSK9-mediated 

platelet activation may represent a novel mechanism responsible for the increased cardiovascular risk in this 

population. 
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Clinical Perspectives  

Competency in Medical Knowledge:  PCSK9 has been shown to be and independent risk factor for CVEs in 

patients suffering from AF.  

Translational Outlook 1: PCSK9 is a predictor for CVEs independently from the lipid profile in patients affected 

by AF. The result is of particular interest as the role of PCSK9 as a predictor of CVEs is still a matter of debate.  

Translational Outlook 2: The correlation between PCSK9 and urinary TxB2 suggests that PCSK9 may 

contribute to increased cardiovascular risk trough still unknown pathophysiological pathways, which deserve 

further investigation. 

  



13 
 

Founding 

This work was supported by University grant from Ateneo Sapienza. 

Acknowledgment section 

The below listed authors do not have any conflict of interest, including relevant financial interests, activities, 

relationships and affiliations: Daniele Pastori, Cristina Nocella, Alessio Farcomeni , Simona Bartimoccia , Maria 

Santulli , Fortunata Vasaturo, Roberto Carnevale, Danilo Menichelli, Francesco Violi, Pasquale Pignatelli  

Pasquale Pignatelli, Daniele Pastori and Francesco Violi had full access to all the data in the study and takes 

responsibility for the integrity of the data and the accuracy of the data analysis. 

 

  



14 
 

References 

1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the Framingham Study. 
Stroke 1991;22:983-8. 
2. Violi F, Soliman EZ, Pignatelli P, et al. Atrial Fibrillation and Myocardial Infarction: A Systematic Review and 
Appraisal of Pathophysiologic Mechanisms. J Am Heart Assoc 2016;5: 
3. Minuz P, Patrignani P, Gaino S, et al. Increased oxidative stress and platelet activation in patients with 
hypertension and renovascular disease. Circulation 2002;106:2800-5. 
4. Varughese GI, Patel JV, Tomson J, et al. Effects of blood pressure on the prothrombotic risk in 1235 patients with 
non-valvular atrial fibrillation. Heart 2007;93:495-9. 
5. Pastori D, Pignatelli P, Farcomeni A, et al. Urinary 11-dehydro-thromboxane B2 is associated with cardiovascular 
events and mortality in patients with atrial fibrillation. Am Heart J 2015;170:490-7 e1. 
6. Cui Q, Ju X, Yang T, et al. Serum PCSK9 is associated with multiple metabolic factors in a large Han Chinese 
population. Atherosclerosis 2010;213:632-6. 
7. Navarese EP, Kolodziejczak M, Kereiakes DJ, et al. Proprotein Convertase Subtilisin/Kexin Type 9 Monoclonal 
Antibodies for Acute Coronary Syndrome: A Narrative Review. Ann Intern Med 2016;164:600-7. 
8. Burchardt P, Rzezniczak J, Dudziak J, et al. Evaluation of plasma PCSK9 concentrations, transcript of LDL receptor, 
as well as the total number of monocyte LDL receptors in acute coronary syndrome patients. Cardiol J 2016;23:604-9. 
9. Navarese EP, Kolodziejczak M, Winter MP, et al. Association of PCSK9 with platelet reactivity in patients with acute 
coronary syndrome treated with prasugrel or ticagrelor: The PCSK9-REACT study. Int J Cardiol 2017;227:644-9. 
10. Leander K, Malarstig A, Van't Hooft FM, et al. Circulating PCSK9 Predicts Future Risk of Cardiovascular Events 
Independently of Established Risk Factors. Circulation 2016; 
11. Ridker PM, Rifai N, Bradwin G, et al. Plasma proprotein convertase subtilisin/kexin type 9 levels and the risk of first 
cardiovascular events. Eur Heart J 2016;37:554-60. 
12. Zhu YM, Anderson TJ, Sikdar K, et al. Association of Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) With 
Cardiovascular Risk in Primary Prevention. Arterioscler Thromb Vasc Biol 2015;35:2254-9. 
13. European Heart Rhythm A, European Association for Cardio-Thoracic S, Camm AJ, et al. Guidelines for the 
management of atrial fibrillation: the Task Force for the Management of Atrial Fibrillation of the European Society of 
Cardiology (ESC). Eur Heart J 2010;31:2369-429. 
14. Mancia G, Fagard R, Narkiewicz K, et al. 2013 Practice guidelines for the management of arterial hypertension of 
the European Society of Hypertension (ESH) and the European Society of Cardiology (ESC): ESH/ESC Task Force for the 
Management of Arterial Hypertension. J Hypertens 2013;31:1925-38. 
15. Authors/Task Force M, Ryden L, Grant PJ, et al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular 
diseases developed in collaboration with the EASD: The Task Force on diabetes, pre-diabetes, and cardiovascular diseases 
of the European Society of Cardiology (ESC) and developed in collaboration with the European Association for the Study of 
Diabetes (EASD). Eur Heart J 2013; 
16. McMurray JJ, Adamopoulos S, Anker SD, et al. ESC guidelines for the diagnosis and treatment of acute and chronic 
heart failure 2012: The Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the 
European Society of Cardiology. Developed in collaboration with the Heart Failure Association (HFA) of the ESC. Eur J Heart 
Fail 2012;14:803-69. 
17. Silbernagel G, Scharnagl H, Kleber ME, et al. Circulating proprotein convertase subtilisin-kexin type 9, all-cause 
mortality, and cardiovascular mortality: The Ludwigshafen Risk and Cardiovascular Health study. Eur J Prev Cardiol 
2017;2047487317693938. 
18. Gencer B, Montecucco F, Nanchen D, et al. Prognostic value of PCSK9 levels in patients with acute coronary 
syndromes. Eur Heart J 2016;37:546-53. 
19. Eikelboom JW, Hirsh J, Weitz JI, et al. Aspirin-resistant thromboxane biosynthesis and the risk of myocardial 
infarction, stroke, or cardiovascular death in patients at high risk for cardiovascular events. Circulation 2002;105:1650-5. 
20. Eikelboom JW, Hankey GJ, Thom J, et al. Incomplete inhibition of thromboxane biosynthesis by acetylsalicylic acid: 
determinants and effect on cardiovascular risk. Circulation 2008;118:1705-12. 
21. Ding Z, Liu S, Wang X, et al. Cross-talk between LOX-1 and PCSK9 in vascular tissues. Cardiovasc Res 2015;107:556-
67. 



15 
 

22. Tang ZH, Peng J, Ren Z, et al. New role of PCSK9 in atherosclerotic inflammation promotion involving the TLR4/NF-
kappaB pathway. Atherosclerosis 2017;262:113-22. 
23. Carnevale R, Bartimoccia S, Nocella C, et al. LDL oxidation by platelets propagates platelet activation via an 
oxidative stress-mediated mechanism. Atherosclerosis 2014;237:108-16. 
24. Nocella C, Carnevale R, Bartimoccia S, et al. Lipopolysaccharide as trigger of platelet aggregation via eicosanoid 
over-production. Thromb Haemost 2017; 
25. Fontana P, Berdague P, Castelli C, et al. Clinical predictors of dual aspirin and clopidogrel poor responsiveness in 
stable cardiovascular patients from the ADRIE study. J Thromb Haemost 2010;8:2614-23. 
26. Seidel H, Rahman MM, Scharf RE. Monitoring of antiplatelet therapy. Current limitations, challenges, and 
perspectives. Hamostaseologie 2011;31:41-51. 
27. Zhang Y, Zhu CG, Xu RX, et al. Relation of circulating PCSK9 concentration to fibrinogen in patients with stable 
coronary artery disease. J Clin Lipidol 2014;8:494-500. 

 

  



16 
 

Figure legends  

Figure 1. Central illustration.  

The picture represents a schematic scheme of the potential relationship among PCSK9, atherosclerotic risk 

factors and development of Cardiovascular Events in atrial fibrillation. 

Figure 2. Kaplan Meier curves estimates of cardiovascular events according to tertiles of PCSK9.  

Patients were divided in three groups according to tertiles of PCSK9: 1st tertile of PCSK9 <1000 pg/ml, 

2nd tertile of PCSK9 1000-1599 pg/ml, and 3rd tertile of PCSK9 1600-5000 pg/ml. Of the 179 CVEs 

(4.6%/years)., 43 (15.3%), 49 (15.5%) and 87 (28.0%) in the first, second and third tertile of PCSK9, 

respectively (log-rank test p=0.009). 
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Table 1. Characteristics of patients experiencing cardiovascular events during follow-up. 

 

Overall (n=907) 

Cardiovascular events p value 

No (n=728) Yes (n=179) 

Age (years) 73.5±8.2 72.7±8.3 76.7±7.1 <0.001 

Women (%) 43.0 43.7 40.2 0.448 

Persistent/permanent AF 53.3 52.1 58.1 0.156 

Current Smoking (%) 9.5 9.5 9.5 0.994 

Body mass index (kg/m
2
) 27.4±4.7 27.5±4.8 27.2±3.9 0.522 

Arterial Hypertension (%) 89.7 88.9 93.3 0.098 

ACE inhibitors/sartans 69.9 69.4 72.1 0.525 

Calcium channel blockers 29.9 30.4 27.9 0.585 

Beta blockers 40.5 42.3 33.0 0.027 

Amiodarone 23.8 23.8 24.0 0.949 

Digoxin 18.9 15.5 32.4 <0.001 

Previous cardiac events (%) 24.8 20.7 41.3 <0.001 

Diabetes mellitus (%) 20.0 18.1 27.4 0.007 

Heart failure (%) 16.2 13.6 26.8 <0.001 

Previous cerebrovascular events 

(%) 
14.6 

11.5 26.8 <0.001 

Antiplatelet drugs (%) 19.5 17.9 26.3 0.015 

Statins (%) 41.5 41.9 39.7 0.612 

CHA2DS2-VASc score 3.6±1.5 3.4±1.4 4.5±1.4 <0.001 

Total cholesterol (mg/dl) 177.6±39.8 178.5±37.6 174.0±47.5 0.179 

HDL-cholesterol (mg/dl) 47.1±13.6 47.7±13.4 44.3±14.0 0.003 

Triglycerides (mg/dl) 118.4±53.3 117.4±51.3 122.5±60.7 0.247 

LDL cholesterol (mg/dl) 106.4±31.9 106.7±30.5 105.2±36.9 0.585 

VLDL cholesterol (mg/dl) 23.7±10.6 23.5±10.2 24.5±12.1 0.247 

Total cholesterol/HDL ratio 4.0±1.5 3.9±1.1 4.3±2.5 0.008 

PCSK9 (pg/ml)* 1200 [900-1970] 1200 [827-1807] 1500 [1000-2300] <0.001 

Urinary 11-dehydro-Thromboxane 

B2 (n=852, ng/mg creatinine)* 

120 [70-196] 115 [68-180] 150 [90-282] <0.001 

*data shown as median and interquartile range. 
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Table 2. Patients’ characteristics according to each group of PCSK9.  

 

1
st
 tertile of 

PCSK9 

<1000 pg/ml 

2
nd

 tertile of 

PCSK9 

1000-1599 

pg/ml 

3
rd

 tertile of 

PCSK9 

1600-5000 

pg/ml 

P 

Age (years) 72.9±8.3 73.7±7.8 73.8±8.6 0.330* 

Women (%) 38.8 44.1 45.7 0.213** 

Persistent/permanent AF 46.3 55.9 56.9 0.018** 

Current Smoking (%) 10.7 9.2 8.7 0.695** 

Body mass index (kg/m
2
) 27.3±4.3 27.7±5.0 27.4±4.6 0.516* 

Arterial Hypertension (%) 90.4 90.5 88.4 0.638** 

ACE inhibitors/sartans 68.0 71.7 69.8 0.604** 

Calcium channel blockers 31.3 28.3 30.2 0.707** 

Beta blockers 38.4 47.9 34.7 0.002** 

Amiodarone 29.9 21.9 20.3 0.014** 

Digoxin 17.4 21.3 17.7 0.397** 

Previous cardiac events (%) 21.4 23.5 29.3 0.067** 

Diabetes mellitus (%) 18.5 20.6 20.6 0.765** 

Heart failure (%) 14.2 16.2 18.0 0.462** 

Previous cerebrovascular events 

(%) 
15.7 12.7 15.4 0.511** 

Antiplatelet drugs (%) 18.5 21.9 18.0 0.411** 

Statins (%) 39.9 42.5 41.8 0.793** 

CHA2DS2-VASc score 3.4±1.5 3.6±1.5 3.7±1.5 0.113* 

Urinary 11-dehydro-thromboxane 

B2 (n=852, ng/mg creatinine)
 

70.0 [50.0-

100.0] 

135.0 [100.0-

179.0] 

200.0 [110.0-

374.0] 
<0.001

¶
 

*ANOVA; ** Pearson χ
2
 test; 

¶
Kruskal-Wallis test 

 

  



19 
 

Table 3. Lipid profile according to PCSK9 values in atrial fibrillation patients treated or not with statins. 

 

 Statins-treated patients (n=376) Statins-untreated patients (n=531) 

 Rho p value Rho p value 

Total cholesterol 

(mg/dl) 
-0.015 0.774 0.040 0.355 

HDL cholesterol 

(mg/dl) 
-0.007 0.887 0.046 0.289 

Triglycerides 

(mg/dl) 
-0.033 0.523 0.043 0.318 

LDL cholesterol 

(mg/dl) 
0.006 0.909 0.042 0.333 

VLDL cholesterol 

(mg/dl) 
-0.033 0.523 0.043 0.318 

Total 

cholesterol/HDL 

ratio 

0.006 0.909 0.006 0.883 
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Table 4. Multivariable Cox regression analysis of predictors of cardiovascular events. 

 

 p value HR 95.0% CI  

Lower Upper 

Persistent/permanent AF 0.105 0.767 0.557 1.057 

Female sex 0.044 0.719 0.522 0.991 

Age <0.001 1.092 1.067 1.117 

Diabetes 0.030 1.461 1.037 2.060 

Smoking 0.046 1.692 1.009 2.838 

Heart Failure 0.047 1.453 1.005 2.101 

Previous cerebrovascular events 0.003 1.697 1.199 2.401 

Previous cardiac events 0.008 1.583 1.125 2.227 

Antiplatelets 0.241 1.236 0.868 1.761 

ACE Inhibitors/Sartans 0.481 1.128 0.806 1.580 

Beta blocker 0.495 0.891 0.641 1.240 

Digoxin <0.001 2.247 1.602 3.151 

Calcium channel blockers 0.294 0.832 0.589 1.174 

Amiodarone 0.375 1.181 0.818 1.703 

2
nd

 tertile of PCSK9 (vs. 1
st
)* 0.756 1.069 0.701 1.631 

3
rd

 tertile of PCSK9 (vs. 1
st
)* 0.012 1.640 1.117 2.407 

Body mass index 0.229 1.023 0.986 1.061 

Total cholesterol/HDL ratio <0.001 1.138 1.073 1.206 

*global p value=0.014 
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Table 5. Multivariable linear regression analysis of factors associated with urinary excretion of (log)-11-

dehydro-thromboxane B2 in 682 patients not treated with antiplatelet drugs. 

 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

p value 95.0% Confidence 

Interval 

B Standard 

Error 

Beta Lower 

Bound 

Upper 

Bound 

Persistent/permanent AF -0.036 0.045 -0.023 0.426 -0.123 0.052 

Female sex -0.012 0.046 -0.008 0.785 -0.102 0.077 

Age 0.008 0.003 0.080 0.010 0.002 0.013 

Arterial hypertension 0.079 0.073 0.031 0.281 -0.064 0.222 

Diabetes 0.036 0.058 0.019 0.533 -0.078 0.150 

Smoking -0.037 0.075 -0.014 0.622 -0.185 0.111 

Heart Failure 0.013 0.062 0.006 0.834 -0.108 0.134 

Previous cerebrovascular 

events 
0.005 0.063 0.002 0.936 -0.119 0.129 

Previous cardiac events 0.090 0.060 0.046 0.134 -0.028 0.208 

Log(PCSK9) 0.841 0.035 0.681 <0.001 0.773 0.909 

Statin 0.001 0.046 0.001 0.982 -0.089 0.091 

Body mass index 0.008 0.005 0.051 0.089 -0.001 0.018 

Total cholesterol 0.000 0.001 0.020 0.566 -0.001 0.002 

Triglycerides 0.000 0.000 -0.017 0.576 -0.001 0.001 

HDL cholesterol -0.001 0.002 -0.013 0.695 -0.004 0.003 

LDL, VLDL and total cholesterol/HDL ratio were excluded for collinearity 

 






