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ABSTRACT  
 
INTRODUCTION  

Inflammation and oxidative stress play a key role in the initiation and maintenance of 

atherosclerosis and are related to the occurrence of events leading to vessel occlusion, 

both in the venous system (thromboembolic disease) and in the arterial system 

(cardiovascular disease). Although there are no clear theories on how these occlusive 

diseases in both arterial and venous territories are linked, they share the increase of 

certain inflammatory and oxidative-stress markers. Ceruloplasmin (CP) is a protein 

involved in copper metabolism that has also been linked to inflammatory responses, 

whereas the association to occlusive vascular diseases has not been fully characterized.  

HYPOTHESIS 

Our hypothesis is that high levels of CP would be associated with the incidence of 

cardiovascular events.   

OBJECTIVES  

1) To evaluate whether high levels of plasma CP are associated with increased incidence 

of atrial fibrillation. 

2) To evaluate whether high levels of plasma CP are associated with increased incidence 

of venous thromboembolism. 

3) To perform a systematic review of the current evidence on whether high levels of 

plasma CP are associated to a higher risk of coronary heart disease. 

METHODS  

a) We conducted a first analysis evaluating the association of CP with AF incidence in a 

large cohort, the Atherosclerosis Risk in Communities (ARIC) Study.  

b) We conducted other investigation to test the association between CP and VTE 

incidence in the same ARIC study population.  

c) Finally, to evaluate the influence of CP on CHD, we conducted a systematic review 

exploring the impact of CP on the risk of CHD over the last three decades.  

RESULTS  
Higher plasma CP levels were associated with incident AF in the ARIC cohort. Regarding 

VTE, higher concentrations of plasma CP were also associated with greater incident VTE 
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rates. Finally, most of 18 eligible studies reviewed supported a direct relationship 

between CP elevated levels and incidence of CHD.  

CONCLUSIONS 

We have evaluated the association between CP and three highly prevalent diseases 

derived from alterations in the cardiovascular system, both venous and arterial location, 

establishing that high CP levels are related to the occurrence of these conditions. 
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INTRODUCCIÓN  

La inflamación y el estrés oxidativo desempeñan un papel fundamental en el inicio y 

desarrollo del proceso aterosclerótico y están relacionados con la aparición de eventos 

que conducen a la oclusión de los vasos, tanto en el sistema venoso (enfermedad 

tromboembólica) como en el arterial (enfermedad cardiovascular). Aunque no hay 

teorías claras sobre cómo se relacionan estas enfermedades oclusivas en los territorios 

arteriales y venosos, comparten la elevación de ciertos marcadores inflamatorios y de 

estrés oxidativo. La ceruloplasmina (CP) es una proteína que actúa en el metabolismo 

del cobre que se ha relacionado con la respuesta inflamatoria, la cual no se relacionado 

hasta el momento con las enfermedades vasculares oclusivas.  

HIPÓTESIS 

Nuestra hipótesis es que altos niveles de CP estarían implicados en la aparición de 

nuevos eventos cardiovasculares. 

OBJETIVOS  

1) Evaluar si niveles elevados de CP en plasma se asocian a una mayor incidencia de 

fibrilación auricular. 

2) Evaluar si niveles elevados de CP en plasma se asocian a una mayor incidencia de 

tromboembolismo venoso. 

3) Realizar una revisión sistemática de la evidencia actual sobre si niveles elevados de 

CP en plasma se asocian a un mayor riesgo de enfermedad coronaria. 

MÉTODOS  

a) En un primer análisis, evaluamos la asociación de la CP con la incidencia de FA en el 

estudio ARIC (Atherosclerosis Risk in Communities), una cohorte comunitaria.  

b) Realizamos otro trabajo de investigación para comprobar la asociación de CP e 

incidencia de ETV en la misma población.  

c) Por último, para evaluar la influencia de la CP en la cardiopatía isquémica, realizamos 

una revisión sistemática en la que exploramos el impacto de la CP en el riesgo de 

cardiopatía isquémica en las tres últimas décadas.  

RESULTADOS  

Niveles más altos de CP circulante se asociaron con mayor incidencia de FA en la cohorte 

ARIC. En relación con la ETV, las mayores concentraciones de CP circulante también se 

asociaron con mayores tasas de ETV. Por último, la mayoría de los 18 estudios revisados 
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apoyaron una relación directa entre niveles elevados de CP y la incidencia de cardiopatía 

isquémica.  

CONCLUSIONES 

Tras evaluar la asociación entre la CP y tres enfermedades altamente prevalentes 

derivadas de alteraciones del sistema cardiovascular, tanto de localización venosa como 

arterial, podemos concluir que niveles elevados de CP están relacionados con la 

aparición de estas enfermedades. 
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CHAPTER 1: INTRODUCTION 
 

Cardiovascular disease remains the leading cause of mortality worldwide 

highlighting the need of the development of new approaches to better understand the 

underlying pathophysiology. Arterial and venous thrombotic conditions are two wide 

groups inside the spectrum of cardiovascular diseases. Ischemic heart disease and 

ischemic stroke comprise the major arterial thromboses, and deep-vein thrombosis and 

pulmonary embolism comprise venous thromboembolism. Atrial fibrillation is a major 

risk factor for stroke and systemic arterial thromboembolism and its link to VTE is now 

being investigated (1). 

CHD remains a substantial public health challenge worldwide. An estimated 

126.5 million individuals lived with CHD and 10.6 million new CHD cases occurred in 

2017, contributing to 8.9 million deaths (2).  

Many individuals in the general population have one or more risk factors for CHD. 

The top three potential modifiable risk factors for CHD deaths in 2017 were dietary risks, 

high systolic blood pressure and high LDL cholesterol and along with diabetes and 

smoking, are estimated to be responsible for more than half of cardiovascular mortality 

(3). Although current guideline-guided CHD therapy has lowered both recurrence and 

death rates, people with CHD remain at high risk for these complications. One third of 

all CHD with known, controlled risk factors will have a recurrence in the following 10 

years (4). This is called residual risk, and many approaches have been taken to tackle it.  

In relation to the venous system, VTE is the third most common cardiovascular 

disease after CHD and stroke (5). VTE can manifest as an isolated lower extremity deep 

vein thrombosis (DVT) or a clot can break off from the lower extremities and travel to 

the lung to present as a pulmonary embolism (PE).  

The incidence of PE in the general population is estimated at 39-115/100,000 

person-years, and of DVT at 53-162/100,000 person-years. It is eight times higher in 

people in their eighties than in those in their fifties. Worldwide, about 10 million cases 

of VTE are estimated to occur annually. In the United States, about 676,000 DVTs, 

340,000 PEs and 1,016,000 total VTE events and about 60,000-100,000 deaths annually 

(for a population of 319 million) are estimated (1, 5-7). According to the most recent 

mortality data in Europe (WHO data), the average yearly number of PE-related fatalities 
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in Europe is 38,929 (for a population of 651 million in 2015). At the same time, a 

progressive decrease in European mortality due to PE is observed (from 12.8% in 2000 

to 6.5% in 2015; annual mortality rate decrease of 5.0%). These same figures referring 

to Spain provide 2,232 annual deaths (2015) (8). In the period 2004-2017, in-hospital 

mortality due to PE in the National Health System decreased from 11.6% to 6.2%14. 

Such declining mortality is also confirmed by the Registro Informático de pacientes con 

Enfermedad Tromboembólica (RIETE) (30-day mortality in PE decreased from 6.6% 

(2001-2005) to 4.9% (2010-2013)). The latest data from this registry (March 1, 2020; 

44,482 patients with PE) show an (unadjusted) mortality of 5.2%. This admits important 

nuances according to age, as it is 3 times higher in patients > 81 years (9.2%) compared 

to those aged 36-60 years (3.1%). For DVT (36,540 patients), 30-day mortality is 2.6% 

(9). 

AF is the most frequent heart rhythm disbalance. It has been estimated that 6–

12 million people will suffer this condition in the US by 2050 and 17.9 million people in 

Europe by 2060 (10, 11).  AF shares strong epidemiological associations with other 

conditions such as heart valve disease, diabetes mellitus, arterial hypertension, and 

overweight/obesity, as well as with metabolic syndrome and its components sleep 

apnea and inflammation (12-14). Genetic factors can also be involved, and more recent 

data have focused on modifiable lifestyle factors such as alcohol consumption and 

physical exercise (15).  As we commented, AF is a major risk factor for ischemic stroke 

and systemic arterial thromboembolism producing important economic burden along 

with significant morbidity and mortality.  The prevalence of AF is very low among young 

individuals (<1% in people aged <40 years) but increases with age, reaching between 

10% and 17% in those aged >80 years. With the worldwide aging of the population, an 

AF epidemic is expected within the next years (16).  

These three diseases previously mentioned (CHD, VTE and AF), have a huge 

clinical, epidemiological and economic relevance, and it is necessary the search for 

additional biomarkers which may help to detect or be an early predictor of those cases 

which will develop a worse prognosis despite controlled risk factors.  

In line with the above, we aimed to investigate if CP is a biomarker associated to 

the development of these conditions.  
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CP is an enzyme synthesized in the liver that is responsible for transport of 

circulating copper and is also involved in iron metabolism. It is an acute-phase reactant 

that may have antioxidant actions, but it can also participate in the generation of free 

radicals, leading to an inflammatory state, which has been linked to the pathophysiology 

of all vascular diseases (17, 18).  

Oxidative stress might play a central role in the initiation of CHD, but it remains 

unclear whether proteins involved in this process, like CP, act as passive markers of 

inflammation or they are causal mediators in its development. In the same line, several 

studies have demonstrated a relationship between different proteins involved in 

inflammatory processes and VTE or AF. Inflammation seems to trigger a chain reaction 

whereby procoagulant factors are activated and the fibrinolytic pathway is inhibited. For 

example, the Atherosclerosis Risk in Communities (ARIC) study previously found that 

elevated high-sensitivity C-reactive protein, but not fibrinogen, was independently 

associated with an increased risk of VTE (19). Likewise, in AF, CP appears to promote 

structural changes in the atrium making it more arrhythmogenic (20). If this relationship 

between AF or VTE and CP is confirmed, new prevention approaches could be 

researched, and we could identify individuals at increased risk of AF or VTE.   

To summarize, the purpose of this thesis is to deepen our understanding of the 

relationship between the main cardiovascular diseases (CHD, VTE, AF) and CP. CP is a 

biomarker that is readily available in clinical practice, and, if this relationship is shown, 

it would open new lines of research to unveil if there is a causal relationship behind the 

association, or CP is just a marker increased in those diseases.  
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CHAPTER 2: REVIEW OF LITERATURE  
 

A. Structure and biological role of ceruloplasmin  
 

CP is a 2-glycoprotein fraction of plasma proteins identified by Holmberg and 

Laurell in 1948. Although it is produced in the liver, extrahepatic expression has been 

found in the brain, lungs, spleen, and testicles. 

CP has a molecular weight of around 132 kDa. The CP gene is located in the 3q25 

region of chromosome 3. This protein is part of the blue multinuclear copper oxidases 

family. It comprises a single polypeptide chain of 1046 amino acids. Six plastocyanin 

domains are organized in a triangle array in the molecule. Six copper atoms are present, 

three of which form a trinuclear cluster at the domain 1–6 interface and the other three 

of which form mononuclear sites in domains 2, 4, and 6. The trinuclear center and the 

mononuclear copper in domain 6 form a cluster that resembles that of ascorbate 

oxidase (Figure 2) (21).  

 

 

 
 

 

 

 

 

 

 

Figure 2. Ceruloplasmin structure. Adapted from C.W. Linder (22)  

 

The main function of CP is transport and distribution of copper to tissues. Copper 

is needed by cells for a variety of proteins with defensive functions, including 

cytochrome c, metallothioneins, and other oxidases (23). About 95% of total circulating 

copper is associated to CP and this protein has been found in a variety of tissues and 

Domain 4 Domain 6 

Domain 1-6 

Interface 
Domain 2 
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cells, including erythrocytes, aorta and heart, liver endothelium, leukocytes, Kupffer 

cells, and human placental cells. The membrane galactosyl recognition mechanism links 

CP to endothelial cells (24-26).  

Copper transport from blood to tissues is tightly regulated by copper chaperone 

proteins at the plasma membrane and in the intracellular compartment due to its highly 

reactive nature. As a result, in non-pathological situations, there is almost no free 

(unbound) copper in the cytoplasm of cells (27). 

CP has ferroxidase activity, which means it can convert dangerous ferrous ions 

to less harmful ferric ions. The Fenton reaction, which employs Fe2+ to generate ROS, is 

assumed to be inhibited by the oxidation of Fe2+ to Fe3+ by CP, which is expected to 

minimize oxidative stress. The release of iron from cellular reserves for uptake by the 

circulatory iron transport protein transferrin is likewise dependent on this event. Iron 

accumulates in the brain, liver, and pancreas in patients who do not have CP or in CP 

knock-out mice, which can lead to diabetes and dementia (28-30).  

Apart from playing a role in copper and iron metabolism, CP is an acute-phase 

reactant that may work as an antioxidant but can also generate free radicals. A 

modulating action has been described in processes such as coagulation, angiogenesis, 

as well as an inactivating capacity of biogenic amines and defense against oxidative 

stress (31-33). It is also part of the family of inflammation-sensitive proteins that 

includes α1-antitrypsin, haptoglobin, orosomucoid and fibrinogen (34) whose levels 

have been associated with cardiovascular risk factors such as hypercholesterolemia, 

body weight gain, diabetes and high blood pressure (35).  

Normal values for serum CP are different by age. They are very low during early 

infancy, then peak in early childhood (approximately 300 to 500 mg/L), and then decline 

to the adult range (200 to 350 mg/L). CP is estrogen-sensitive, and levels are elevated in 

pregnancy and in patients on hormonal supplementation.  

B. Inflammation markers, ceruloplasmin and coronary heart disease 
 

Inflammation is central to understanding the pathogenesis of atherosclerosis, 

and is implicated both in the development and in the rupture of the atherosclerotic 

plaque that causes cardiovascular events  (36-39).  
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Many inflammatory markers to date have been associated to atherosclerosis. 

CRP, IL-6 or leukocyte enzyme myeloperoxidase are among the most widely studied.  

CRP is probably the most extensively studied. It has been suggested that there could be 

a direct effect of CRP on the development of atherosclerosis, based on the finding of 

CRP in atherosclerotic lesions (40-49). IL-6 signals a downstream proinflammatory 

response by activating membrane-bound IL-6 receptors (IL-6R) on the cell surface. IL-6 

and IL-6R appear to have a direct causal role in the development of CHD and may be a 

future target for therapeutic interventions to prevent CHD (50). Finally, leukocyte 

enzyme myeloperoxidase is another inflammatory marker which has been associated 

with the presence of coronary disease and may be predictive of the presence of acute 

coronary syndrome in patients with chest pain (51-54).  

Cardiovascular risk has also been associated with many other markers of 

inflammation. Elevated levels of white blood cells, erythrocyte sedimentation rates, IL-

18, tumor necrosis factor alpha, transforming growth factor beta, soluble intercellular 

adhesion molecule-1, P-selectin, cathepsin S, and lipoprotein-associated phospholipase 

A2 have been reported as markers of increased CHD risk (55-60).  

Regarding ceruloplasmin, there is not a consensus on its association with 

cardiovascular disease, or its role in the pathophysiology of atherosclerosis. Thereby, 

reviewing the available data in a systematic disease was a need that we have covered in 

the article included in this thesis.  

C. Inflammation, ceruloplasmin and venous thrombosis 
 

It has traditionally been thought that venous thrombosis and arterial thrombosis 

have different etiopathogenesis. While red blood cells and fibrin are the major 

participants of the “red clot” seen in venous thrombosis, aggregated platelets are the 

major participants of the “white clot” seen in arterial thrombosis. Venous thrombosis 

has been associated with hypercoagulability and/or reduced blood flow, whereas 

arterial thrombosis has been linked to atherosclerosis and platelet activation. However, 

the classical view of separate mechanisms for arterial and venous thrombosis has been 

challenged. It has been shown that patients with arterial thrombosis were also at 

increased risk for venous thrombosis, and overlapping risk factors have been found to 
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be associated with both arterial and venous thrombotic events (61, 62). Furthermore, it 

was shown that inflammation and platelet activation are also involved in the 

pathogenesis of venous thrombosis (63).  

The pathogenesis of inflammation-induced thrombosis is complicated. In 

general, inflammation causes platelet, leukocyte and endothelial cell activation, and the 

interactions between these cells may result in endothelial injury and endothelial cell 

dysfunction, causing the loss of physiologic anticoagulant and vasodilatory properties of 

the normal endothelium. With a simplistic approach, one may accept endothelial injury 

as the key factor connecting chronic inflammation with thrombosis (64).  

Various environmental agents may trigger systemic inflammation in the context 

of genetic predisposition. Transcription factors and intracellular enzymes including 

caspase family proteases are activated, followed by the secretion of various 

inflammatory mediators including cytokines, chemokines and growth factors (figure 3). 

These inflammatory mediators activate the endothelial cells, leukocytes and platelets, 

inducing the expression of relevant cell adhesion molecules on their surfaces. Complex 

interactions between endothelial cells, platelets and leukocytes occur, causing 

endothelial injury and endothelial cell dysfunction. Non thrombogenic endothelial 

surface may no longer be maintained in the setting of inflammation. In other words, 

inflammation transforms the endothelial cells into a prothrombotic and antifibrinolytic 

phenotype (61, 65-67). However, even if there is no vessel wall and endothelial damage, 

inflammation itself may trigger venous thrombus formation. Increased tissue factors 

(TF) expression occurring especially on platelets, endothelial cells and monocytes is an 

important link connecting inflammation with thrombosis. TF mainly stimulates the 

formation of thrombin, which has proinflammatory effects. Microparticles (MPs) 

derived from platelets, endothelial cells and leukocytes are also involved in the 

development and the amplification of thrombosis. Fusion of MPs with activated 

platelets results in decryption of TF and the initiation of thrombosis. Platelet MPs are 

not only prothrombotic, but also inhibit fibrinolysis, delaying thrombus resolution and 

facilitating thrombus growth (68, 69).  
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Figure 3. Pathogenic mechanisms connecting inflammation with thrombosis.. Abbreviations: IL-1, 
interleukin; TNF-a, tumor necrosis factor alpha; IL-6, interleukin 6; TFPI, tissue factor pathway inhibitor. 
PAMP: pathogen-associated molecular pattern. DAMP: damage-associated molecular pattern. Adapted 
from Vázquez-Garza et al., (70) 
 

Several studies have demonstrated a relationship between various proteins 

involved in inflammatory processes and VTE. For example, the ARIC study previously 

found that elevated CRP, but not fibrinogen, was independently associated with an 

increased risk of VTE (19). However, there are others results to the contrary as 

Sveinsdottir et al. investigation where no significant relationships between VTE 

incidence and CP or other inflammatory markers (fibrinogen, orosomucoid, α1-

antitrypsin, and haptoglobin) were found (71).  

There is a complex interplay between inflammation and the coagulation system 

and we intend to shed some light on this field exploring whether CP can be involved in 

VTE.  

D. Inflammation, ceruloplasmin and atrial fibrillation 
 

Inflammation may also play a role in the genesis of AF. Measurement of serum 

CRP has been used to assess the relationship between AF and inflammation.  
Observational studies have reported elevated serum levels of CRP in patient 

populations with any of the following characteristics: later development of AF (72), 
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history of atrial arrhythmias (73), failed cardioversion (74), recurrence of AF after 

cardioversion (75), and development of AF after cardiac surgery.  

However, inflammation is more likely a marker for other conditions associated 

with AF, as opposed to being a direct cause or a perpetuating agent. The strongest 

evidence against a direct causal role for inflammation, as detected by an elevation in 

CRP, comes from a Mendelian randomization study that evaluated nearly 47,000 

individuals in two cohorts from Copenhagen, Demark (76). After multifactorial 

adjustment, a CRP level in the upper versus lower quintile was associated with a 

significantly increased risk of the development of AF (HR 1.77, 95% CI 1.22-2.55). 

Genotype combinations of four CRP single nucleotide polymorphisms (SNPs) were not 

associated with an increased risk of the development of AF. Thus, inflammation, as 

determined by CRP, is not likely to be causative of AF. 

CP could promote structural changes in the atrium making it more 

arrhythmogenic. A study showed that higher concentrations of CP in blood were 

associated with increased AF risk. In this same study, a variant of rs11708215, a single 

nucleotide polymorphism (SNP) located in the CP gene promoter, was associated with 

both higher CP concentrations in blood and increased AF risk. Another SNP, rs13072552, 

also in the CP gene, was associated with CP plasma concentration. (20). These results, 

however, have not been replicated in larger studies.  
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CHAPTER 3: HYPOTHESIS AND OBJECTIVES 
 

  

HYPOTHESIS  

Our hypothesis is that high levels of plasma ceruloplasmin are associated with the 

incidence of arterial and venous events.   

 

OBJECTIVES 

We studied the influence of plasma ceruloplasmin in the incidence of conditions 

affecting the vascular system. For this, we set the following objectives: 

 

1) To evaluate whether high levels of plasma ceruloplasmin are associated with 

increased incidence of atrial fibrillation. 

 

2) To evaluate whether high levels of plasma ceruloplasmin are associated with 

increased incidence of venous thromboembolism. 

  

3) To perform a systematic review of the current evidence in whether high levels of 

plasma ceruloplasmin are associated to a higher risk of coronary heart disease. 

 

 

 

 

 

 

 

 

 

 



 

 21 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter 4 

PUBLICATIONS 
FROM THIS TESIS 

 
  



 

 22 

CHAPTER 4: PUBLICATIONS FROM THIS THESIS  
 

 

1. Arenas de Larriva AP, Norby FL, Chen LY, Soliman EZ, Hoogeveen RC, Arking DE, 

Loehr LR, Alonso A. CIRCULATING CERULOPLASMIN, CERULOPLASMIN-ASSOCIATED 

GENES, AND THE INCIDENCE OF ATRIAL FIBRILLATION IN THE ATHEROSCLEROSIS RISK IN 

COMMUNITIES STUDY. Int J Cardiol. 2017;241:223-8. DOI: 10.1016/j.ijcard.2017.04.005 

Journal Impact Factor (2017): 4.034. (Q1) Cardiology and Cardiovascular Medicine. Rank: 

78/369. 

 

 

2. Arenas de Larriva AP, Alonso A, Norby FL, Roetker NS, Folsom AR. 

CIRCULATING CERULOPLASMIN, CERULOPLASMIN-ASSOCIATED GENES, AND THE 

INCIDENCE OF VENOUS THROMBOEMBOLISM IN THE ATHEROSCLEROSIS RISK IN 

COMMUNITIES STUDY. Journal of Thrombosis and Haemostasis. 2019;17(5):818-26. 

DOI: 10.1111/jth.14420 

Journal Impact Factor (2019): 4.157. (Q1) Hematology. Rank: 14/134 

 

 

3. Arenas de Larriva AP, Limia-Perez L, Alcala-Diaz JF, Alonso A, Lopez Miranda J, 

Delgado-Lista J. CERULOPLASMIN AND CORONARY HEART DISEASE-A SYSTEMATIC 

REVIEW. Nutrients. 2020;12(10).  

DOI: 10.3390/nu12103219.  

Journal Impact Factor (2020): 4.546. (Q1) Nutrition and Dietetics. Rank: 14/124 

 

 

 

 

 

 

 



 

 23 

 

 

 
 

 

 

 

 

 

A. Circulating ceruloplasmin, ceruloplasmin-associated genes, and the 
incidence of atrial fibrillation in the Atherosclerosis Risk in Communities 
study 
Arenas de Larriva AP, Norby FL, Chen LY, Soliman EZ, Hoogeveen RC, Arking DE, Loehr 

LR, Alonso A. 

Int J Cardiol. 2017; 241:223-8. DOI: 10.1016/j.ijcard.2017.04.005 

Journal Impact Factor (2017): 4.034. (Q1) Cardiology and Cardiovascular Medicine.  

 

 

 

 

 

 

 

 

 

 

 



 

 24 
 



 

 25 

 



 

 26 
 



 

 27 

 



 

 28 
 



 

 29 

 



 

 30 

 

 

 

 

 

 

 
 

 

B. Circulating ceruloplasmin, ceruloplasmin-associated genes and the 
incidence of venous thromboembolism in the Atherosclerosis Risk in 
Communities study 
Arenas de Larriva AP, Alonso A, Norby FL, Roetker NS, Folsom AR. 

Journal of Thrombosis and Haemostasis. 2019;17(5):818-26. DOI: 10.1111/jth.14420 

Journal Impact Factor (2019): 4.157. (Q1) Hematology  

 

 

 

 

 

 

 

 

 



 

 31  



 

 32 
 



 

 33  



 

 34 
 



 

 35 

 



 

 36 

 



 

 37 

 



 

 38 
 



 

 39 

 



 

 40 

 

 

 

 

 

 

 

 

 

 

 

 

C. Ceruloplasmin and Coronary Heart Disease. A systematic review 
Arenas de Larriva AP, Limia-Perez L, Alcala-Diaz JF, Alonso A, Lopez Miranda J, Delgado-

Lista J.  

Nutrients. 2020;12(10). DOI: 10.3390/nu12103219.  

Journal Impact Factor (2020): 4.546. (Q1) Nutrition and Dietetics.  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 



 

 41 
 



 

 42 

 



 

 43 

 
 
 



 

 44 

 



 

 45 

 



 

 46 

 



 

 47 



 

 48 
 



 

 49 
 



 

 50 

 



 

 51 
 



 

 52 
 



 

 53 
 



 

 54 
 



 

 55 
 



 

 56 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Chapter 5 

RESULTS AND 
DISCUSSION



 

 57 

CHAPTER 5: RESULTS AND DISCUSSION 

A. Relationship of plasma ceruloplasmin and the incidence of atrial 
fibrillation 

 

Our first publication (Chapter 4.A) is the largest prospective study to date 

showing that higher concentrations of circulating CP are associated with AF. Moreover, 

in this study we found that genetic variants (SNPs rs11708215 and rs13072552) in or 

near the CP gene in chromosome 3, also influence circulating concentrations of CP. 

These SNPs, associated with higher CP concentrations, were associated with lower risk 

of AF in whites.  
A prior study from the Malmö Preventive Project in southern Sweden, which 

included 3900 individuals, found a link between CP levels and the occurrence of AF (20).  

The findings of our investigation confirm those previous results and extend them to a 

large, middle-aged, multiracial cohort of men and women. Higher levels of circulating 

CP were linked to occurrence AF after controlling for conventional risk variables and 

biomarkers. 

When looking for possible mechanism underlying our findings, it has been 

suggested that a normal redox balance is essential for the correct cardiac rhythm 

homeostasis, and that CP may influence that redox balance. In fact, CP has been 

reported to possess both oxidative and antioxidative functions, depending on its 

structure (33). It has been seen that the overproduction of reactive oxygen species (ROS) 

produces a damage in CP structure making it dysfunctional (77). The dysfunction of CP 

in men drives to an accumulation of iron in tissues which is associated with AF (20).  

Apart from deleterious iron effect, free copper can produce similar effects to that 

of free iron (apoptosis, pathogenic gene activation or cell toxicity among others).  

In the context of inflammation, CP may activate the NO oxidase and catalytically 

consume NO, lowering its bioavailability in plasma. NO and NO synthases have been 

demonstrated to play a crucial function in normal cardiac physiology in a variety of 

animal and human investigations (78-80). NO is a cardioprotective agent because it 

inhibits oxidative stress, among other things. As a result, excessive amounts of CP in the 
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body can promote NO oxidase activity, resulting in a reduction in NO and shifting the 

balance towards an oxidative function. This oxidative stress may affect heart electrical 

activity, causing ion channel damage and eventually contributing to the onset of AF (81, 

82).  

Despite all the above, more studies are necessaries to support a direct causal 

role of CP on AF risk. Our statistical power was possibly limited.  

B. Relationship of plasma ceruloplasmin and the incidence of venous 
thromboembolism  
 

 Our second published article (Chapter 4.B) studied the relationship of CP with 

VTE risk, being the largest study to date showing that a higher concentration of 

circulating CP is associated with increased risk for VTE. We found that the same SNPs, 

rs11708215 and rs13072552, were associated with circulating CP concentrations in both 

whites and African Americans.  

Higher levels of inflammation-sensitive plasma markers (fibrinogen, haptoglobin, 

CP, 1-antitrypsin, and orosomucoid) were linked with increased VTE risk in a prior study 

from the Malmö Preventive Project in southern Sweden, which included 6068 

individuals. They discovered no association between these biomarkers and the risk of 

VTE (71).  

In contrast to the previous investigation, we discovered a relation between CP 

concentration and VTE in a large, multiracial, middle-aged cohort of men and women. 

After accounting for a variety of VTE risk variables and biomarkers, greater circulating 

CP concentrations were still associated to an elevated risk of VTE.  

Even though VTE is not classified as a chronic systemic inflammatory illness like 

atherosclerosis; any inflammatory reaction, regardless of its source, can cause 

hypercoagulability and raise the risk of VTE. As we discussed in Chapter 2.B, multiple 

clinical and molecular lines of evidence show a tight connection between inflammation, 

thrombosis activation and VTE. (38, 83-86). Inflammation activates blood coagulation 

and inhibits the fibrinolytic pathway by increasing the production of procoagulant 

substances (87). Platelet-activating factor and endothelin-1 are produced during 

endothelial failure, causing vasoconstriction, whereas Factor V, Von Willebrand factor, 
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plasminogen activator inhibitor-1, and tissue factor increase thrombosis. Endothelial 

cells also increase the amount of adhesion molecules on the surface, which promotes 

leukocyte activation. Inflammation and thrombosis are triggered and amplified by this 

occurrence (65).  

As a result, inflammation and the resultant overproduction of reactive oxygen 

species (ROS) are linked to the risk of VTE. Both oxidative and antioxidative activities 

have been found for CP, suggesting that it has proinflammatory effects on vascular 

cells. Therefore, in the presence of increased CP concentrations, overproduction of 

ROS and vascular inflammation might be a cause of VTE. 

As we mentioned in the previous section (Chapter 5.A), we could not find 

evidence for a direct causative effect of CP in VTE risk because statistical power was 

limited.  

C. Relationship of plasma ceruloplasmin and the incidence and prevalence 
of coronary heart disease 

 

Our third article (Chapter 4.C) investigated the evidence supporting an 

association between elevated CP levels and CHD.  

 As mentioned in Chapter 1, the rationale for this approach was based on the 

residual risk, or, in other words, that although traditional risk factors are thought to 

account for most CHDs, 15% to 20% of patients suffer a CHD event (first or recurrent 

events) even though they have not identified risk factors.  This is a critical situation, 

because it implies that, in this population there is an impossibility of an adequate 

primary or secondary prevention. For this reason, the scientific community aims to 

identify other modifiable risk factors which help to predict an important number of CHD 

events.  

Most of the studies that we analyzed in our systematic review showed a 

uniformity in their results towards a direct relationship between serum CP levels and 

incidence of CHD or cardiovascular events. Patients who had higher serum CP levels are 

more likely to suffer cardiovascular complications.  
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Although the exact mechanisms by which CP may influence cardiovascular 

disease is still unknown, the available current data suggest that redox, inflammation and 

hemostatic systems can be responsible (33).  

The presence of CP in atherosclerotic lesions appears to implicate a lipid and 

lipoprotein oxidation pathway, which is crucial in the pathogenesis of CHD. In fact, 

numerous investigations have shown that CP is a powerful LDL oxidation catalyst in vitro 

and in vivo  (88-90). Oxidation of LDL leads to the initiation or acceleration of the 

atherosclerotic process, resulting in the production of autoantibodies against oxidized 

LDL (anti-oxLDL). The work by Awadallah et al. merits special attention since it is the first 

to show a correlation between anti-oxLDL and CP concentrations and copper blood 

concentrations in patients with CVD (91). According to this, blood concentrations of CP 

and LDL lipid peroxides are associated to the degree of atherosclerosis and restenosis in 

individuals following endarterectomy (92).  

Apart from cardiac electrical activity alterations (Chapter 5.A), CP may have a 

role in atherosclerosis via influencing NO, which plays a crucial function in normal 

cardiac physiology as well as a protective role in ischemic and failing heart (79) Under 

some situations, CP can have a significant prooxidant effect, similar to NO oxidase, which 

can reduce NO bioavailability in plasma through its catalytic activity. This has been 

demonstrated in a number of experiments after CP immunodepletion and in individuals 

with aceruloplasminemia who do not have NO oxidase activity (78, 93).  

Most of the studies reviewed (Chapter 4.C) supported a direct relationship 

between elevated CP levels and CVD. Patients with high CP serum levels were more 

likely to have a CV event, especially a CHD.  
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CHAPTER 6: CONCLUSIONS 
 

 

1) High levels of plasma ceruloplasmin are associated with increased incidence of atrial 

fibrillation. 

 

2) High levels of plasma ceruloplasmin are associated with increased incidence of venous 

thromboembolism. 

  

3) A systematic review of the current scientific evidence supports that high levels of 

plasma ceruloplasmin are associated to a higher risk of coronary heart disease. 
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