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Introduction: Aging is a complex process significantly influenced by genetic 

background, as well as lifestyle factors, such as diet. A graduated senescence triggers various 

pathways like oxidative stress, systemic inflammation, metabolic dysfunction, as well as 

telomere shortening. A better understanding of the underlying mechanisms of senescence may 

lead to the development of new therapeutic strategies in the treatment of age-related 

pathologies and implicitly to the extension of human lifespan. 

Hypothesis: Our hypothesis is that the intake of certain nutrients, especially vitamins 

or fat, could have a significant effect on biomarkers of cellular aging, such as leukocyte 

telomere length (LTL), oxidative stress parameters or inflammatory status. On the other hand, 

several genetic variants, specifically those located at tumour necrosis factor alpha (TNFA) 

gene, could influence the inflammatory status and the rate of telomere shortening. 

Objectives: To investigate whether a relationship can be established between the dietary 

intake of micronutrients and the degree of biological aging, measured by LTL, inflammatory 

markers and oxidative stress parameters, in a population with established cardiovascular 

disease from the CORDIOPREV study (NCT00924937). Secondly, we studied whether the 

quality and the quantity of the fat intake influences the LTL. Moreover, we explored whether 

genetic variants at the TNFA gene are associated with the inflammatory status and the length 

of the telomere.  

Matherials and methods: Dietary information was collected from patients by using a 

146-item food frequency questionnaire (FFQ) during face-to-face interviews. The average 

daily consumption of nutrients was calculated using the FFQ data and the food composition 

tables. In parallel, DNA from the 1002 participants was isolated and leukocyte telomere 

length (LTL) was measured by real-time PCR. Furthermore, SNPs (rs1800629 and 

rs1799964) located at the TNFA gene were genotyped by OpenArray platform. In addition, 
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other biochemical parameters, plasma levels of C-reactive protein and several oxidative stress 

and damage biomarkers were determined.  

Results: There was no difference in LTL of those patients having an adequate or an 

inadequate intake of micronutrients according to the Dietary Reference Values proposed by 

European Food Safety Authority (EFSA) and Recommended Daily Intake of micronutrients in 

the Spanish population, except for vitamin E. We found that patients with an inadequate 

intake of vitamin E according to the EFSA as well as Spanish dietary recommendation had 

shorter LTL than those with an adequate intake (p=0.004, and p=0.005). Moreover, we 

observed a positive correlation between food sources of vitamin E like olive oil and fish and 

LTL (r2=0.083, p=0.010; r2=0.090, p=0.006, respectively). Subjects who consumed more than 

30 mL olive oil/day had longer LTL than subjects with lower consumption (p=0.013). 

Furthermore, we observed higher glutathione peroxidase activity in subjects consuming less 

vitamin E (p=0.031).  

In a subgroup of elderly patients we found that subjects with less saturated fat intake 

(<8.1% kcal of total intake) showed LTL compared to patients belonging to the second and 

third tertile of saturated fatty acids intake (p<0.05). In this subpopulation, the intake of red or 

processed meat more than once a day is associated with shorter telomere length (p=0.002). 

Another finding was that GG subjects for the SNP rs1800629 at the TNFA gene showed 

shorter LTL and higher plasma levels of hs-CRP than A-allele subjects (p<0.05). Consistent 

with these findings, the expression of pro-inflammatory (TNFA) and pro-oxidant (p47phox 

and the gp91phox) genes was higher in GG subjects than A allele subjects (p<0.05). Subjects 

carrying the GG genotype for the SNP rs1800629 at the TNFA gene showed a greater 

activation of the proinflammatory status than A-allele carriers, which is related to reactive 

oxygen species formation.  
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Conclusion: Our study showed the importance of adequate dietary consumption of vitamin E 

as a modulating tool of the senescence process. Those subjects consuming less than the 

recommended vitamin E intake have shorter telomeres, as well as higher GPx activity. 

Furthermore, we observed a positive correlation between main sources of vitamin E, like olive 

oil and fish and the leukocyte telomere length. Moreover, our results show that telomere 

length is associated rather with the quality than the quantity of dietary fat in elderly subjects 

with cardiovascular disease; shorter telomeres can be observed in those with a higher intake 

of saturated fat, like such as those that favour red and processed meat consumption. 

Furthermore, our findings suggest that subjects carrying the GG genotype for the SNP 

rs1800629 at the TNFA gene show a greater activation of the proinflammatory status than A-

allele carriers, which is related with ROS formation. These ROS could induce DNA damage, 

especially in the telomeric sequence, decreasing telomere length and inducing cellular aging.  

. 
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Resumen 
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Introducción: El envejecimiento es un proceso complejo influenciado por antecedentes 

genéticos, así como por factores de estilo de vida, como por ejemplo la dieta. La senescencia 

desencadena varias vías como la del estrés oxidativo, la inflamación sistémica, la disfunción 

metabólica y el acortamiento de los telómeros. Una mejor comprensión de los mecanismos 

subyacentes de la senescencia puede conducir al desarrollo de nuevas estrategias terapéuticas 

en el tratamiento de patologías relacionadas con la edad e implícitamente a la extensión de la 

vida humana.  

Hipótesis: Nuestra hipótesis es que la ingesta de ciertos nutrientes, especialmente vitaminas o 

grasas, podría tener un efecto sobre biomarcadores del envejecimiento celular, como la 

longitud de los telómeros, los parámetros de estrés oxidativo o el estado inflamatorio. Por otro 

lado, varias variantes genéticas, específicamente las ubicadas en el gen del factor de necrosis 

tumoral alfa (TNFA), podrían influir en el acortamiento de los telómeros. 

Objetivo: Investigar si se puede establecer una relación entre la ingesta alimentaria de 

micronutrientes y el grado de envejecimiento biológico, medido por la longitud de telómeros, 

marcadores inflamatorios y parámetros de estrés oxidativo, en una población con enfermedad 

cardiovascular establecida del estudio CORDIOPREV (NCT00924937). En segundo lugar, 

estudiamos si la calidad y la cantidad de la ingesta de grasas influye en la longitud de los 

telómeros. Además, exploramos si las variantes genéticas en el gen TNFA están asociadas con 

el estado inflamatorio y la longitud de los telómeros. 

Materiales y métodos: La información sobre los hábitos dietéticos de los pacientes se obtuvo 

mediante un cuestionario de frecuencia alimentaria (FFQ) compuesto por 146 ítems. El 

consumo diario promedio de energía total y otros nutrientes se calculó utilizando los datos de 

FFQ y tablas de composición de alimentos. Por otro lado, se aisló el ADN de los 1002 

participantes y se midió la longitud de los telómeros mediante PCR en tiempo real. Además, 
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los SNP (rs1800629 y rs1799964) ubicados en el gen TNFA fueron genotipados por la 

plataforma OpenArray. También, se midieron otras variables bioquímicas, los niveles 

plasmáticos de proteína C reactiva y se determinaron varios biomarcadores de estrés 

oxidativo. 

Resultados: No hubo diferencias en la longitud de los telómeros de aquellos pacientes que 

tenían una ingesta adecuada o inadecuada de micronutrientes de acuerdo con los valores de 

referencia dietéticos propuestos por la Autoridad Europea de Seguridad Alimentaria (EFSA) y 

la ingesta diaria recomendada de micronutrientes en la población española, a excepción de la 

vitamina E. En aquellos pacientes con una ingesta inadecuada de vitamina E según la EFSA, 

así como la recomendación dietética española, se observaron telómeros más cortos que en 

aquellos con una ingesta adecuada (p = 0,004 y p = 0,005). Además, observamos una 

correlación positiva entre las fuentes alimenticias de vitamina E como el aceite de oliva y el 

pescado y la longitul de los telómeros (r2 = 0.083, p = 0.010; r2 = 0.090, p = 0.006, 

respectivamente). Los sujetos que consumieron más de 30 ml de aceite de oliva al día 

tuvieron telómeros más largo que los sujetos con menor consumo (p = 0.013). Por otro lado, 

observamos una mayor actividad de glutatión peroxidasa en sujetos que consumen menos 

vitamina E (p = 0.031). En un subgrupo de pacientes de edad avanzada, mayores de 65 años, 

encontramos que los sujetos con una menor ingesta de grasas saturadas (<8.09% kcal de la 

ingesta total) mostraron telómeros más largos en comparación con los pacientes que tienen 

una mayor ingesta de ácidos grasos saturados. En esta subpoblación, la ingesta de carne roja o 

procesada más de una vez al día se asocia con una longitud de telómero más cortos (p = 

0.002). 

Otro hallazgo fue que los sujetos GG para el SNP rs1800629 en el gen TNFA mostraron 

telómeros más cortos y niveles plasmáticos más altos de hs-CRP que los sujetos con alelo A 

(p <0.05). De acuerdo con estos hallazgos, la expresión de genes proinflamatorios (TNFA) y 
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prooxidantes (p47phox y gp91phox) fue mayor en sujetos con GG que en sujetos con alelo A 

(p <0.05). Los sujetos del alelo GG para el SNP rs1800629 en el gen TNFA mostraron una 

mayor activación del estado proinflamatorio que los portadores de alelos A, lo que está 

relacionado con la formación de especies reactivas de oxígeno. 

Conclusión: Nuestro estudio mostró la importancia del consumo dietético adecuado de 

vitamina E como una herramienta moduladora del proceso de senescencia. Los sujetos que 

consumen menos de la ingesta recomendada de vitamina E tienen telómeros más cortos, así 

como una mayor actividad GPx. Además, observamos una correlación positiva entre las 

principales fuentes de vitamina E, como el aceite de oliva y el pescado, y la longitud de los 

telómeros.  Nuestros resultados muestran que la longitud de los telómeros se asocia más bien 

con la calidad que con la cantidad de grasa en la dieta en sujetos ancianos con enfermedad 

cardiovascular. Se pueden observar telómeros más cortos en aquellos con una mayor ingesta 

de grasas saturadas, como los que favorecen el consumo de carne roja y procesada. No 

encontramos ninguna asociación entre el consumo de grasa y la longitud de los telómeros en 

el subgrupo de sujetos menores de 65 años. Nuestros hallazgos sugieren que los sujetos que 

portan el genotipo GG para el SNP rs1800629 en el gen TNFA muestran una mayor 

activación del estado proinflamatorio que los portadores de alelos A, lo que está relacionado 

con la formación de especies reactivos de oxigeno. Estos  podrían inducir daño en el ADN, 

disminuyendo la longitud de los telómeros e induciendo el envejecimiento celular.  
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II. Introduction 
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1. Aging  

 

1.1. Aging as a natural process  

 

One of the greatest achievements of the 20th century is considered being the increase in 

average life expectancy. Moreover, there is a growing population of elderly people, as by 

2040 it is expected that the population over 65 years of age will reach 22% [1]. On the other 

hand, the last years of life, in most of the cases, come with associated health problems. 

The World Health Organisation (WHO) predicts that over the next 10 to 15 years more 

people will die because of age-related chronic diseases, such as heart disease, cancer, and 

diabetes, than from infectious and parasitic diseases [2].  

Aging is an inevitable natural process that takes place in all living organisms. Recently, as 

this process gained better understanding, the mechanisms of slowing down senescence started 

to be investigated. Aging is a complex process characterized by a graduated senescence. 

Various trigger mechanisms are involved in this process like: epigenetic factors, DNA 

damage and mitochondrial dysfunction, but also telomere shortening [3]. At the cellular level, 

an unbalance between oxidative stress and protective response pathways activity contribute to 

cellular senescence, a process in which cells stop proliferating and become dysfunctional. 

This is manifested as an accumulation of reactive oxygen species (ROS), high secretion of 

inflammatory molecules, and extracellular matrix components causing alteration of the cell, 

inflammation and senescence in the surrounding tissue. As a consequence to the produced 

damage, our body responses with chronic inflammation. Moreover, the senescence process is 

accompanied by stem cell exhaustion, proteostatic dysfunction and nutrient signalling 

disruption [3]. Therefore, the biological aging process could be understood as a consequence 

of accumulation of senescent cells in aged tissues and organs.  
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In nowadays society, chronological aging comes with many pathological changes, 

determining an increased prevalence of the age-related diseases. Thus, getting older is 

associated with several undesirable processes, the whole process of aging being characterised 

by various complex mechanisms [4]. As a result, the quality of life decreases and some 

limitations or changes in the normal activities might appear [4]. 

 

1.2. Biological aging and cardiovascular system 

 

Cardiovascular disease (CVD) remains the leading cause of death worldwide, causing 

around 30% of all deaths [5] with more than half occurring in individuals over 65 years of 

age. Furthermore, CVD has unfavourable consequences for elderly patients and their 

caregivers, and involves huge costs for the health system [6].  

There is a strong link between aging and CVD, as well as in the development of CVD, 

aging has been recognized as being the most important risk factor [7]. Therefore, it is 

necessary to understand how senescence promotes CVD and which are the key factors that 

could prevent it. The development of these diseases has been linked to cellular aging that may 

be defined as the progressive loss in the capacity of the cells to efficiently perform biologic 

processes [8, 9]. For instance, when CVD is present, cellular aging of endothelial and cardiac 

cells is accelerated over normal aging [10]. Thus, by decelerating cellular aging, we might 

reduce the incidence of CVD and other age-associated diseases. 

Growing evidence indicates that modulating lifestyle risk factors such as quitting 

smoking, avoiding alcohol consumption, reducing cholesterol and blood pressure, increasing 

physical activity, maintaining optimal body weight and adopting healthy dietary patterns 

components could prevent the development of CVD [5]. Interestingly, the same 

recommendation exists for healthy aging. An optimal food intake and an adequate intake of 
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bioactive nutrients through diet can modulate biochemical alterations associated with the 

pathophysiology of aging, and furthermore, could offer cardioprotection and lead to a 

favourable cardiometabolic risk markers profile. 

Aging causes a progressive functional decline in all of the body’s cells, tissues, organs and 

systems [3]. This is a natural process that occurs in all living organisms as the time passes 

and, therefore represents the main risk factor for CVDs. Age is traditionally considered as the 

most important non-modifiable risk factor for the development of CVD, as for instance, 

approximately two thirds of Americans over 60 years have hypertension [11] and after the age 

of 55 the risk of stroke doubles every decade [12]. As an independent risk factor, age is also a 

fundamental predictor of global CVD risk [13]. Not only that development of CVD is reduced 

when the traditional risk factors for CVD are absent (high blood pressure, type 2 diabetes 

mellitus (T2DM), high total cholesterol levels, smoking and obesity [14]), the risk of age-

associated co-morbidities and mortality is decreased [13, 15]. On the other hand, an 

individual’s life expectancy is also dependent on traditional risk factors changes [13].  

It should be mentioned that pulmonary function decline with aging and chronic 

obstructive pulmonary disease (COPD) is one of the manifestations of age-related co-

morbidities with high CVD risk (estimated to become the third leading cause of death 

worldwide in 2030, with smoking as a common risk factor for both CVD and COPD). Several 

molecular mechanisms involved in aging have been suggested to play a role in COPD 

pathogenesis [16]. However, more research is needed in order to better understand this 

relationship. Special attention should be paid on gender differences in patients with COPD as 

smoking has become more spread among women. Women are developing more severe COPD 

patterns as well as comorbidities vary between genders (such as hypertension, osteoporosis, 

inflammatory bowel diseases, reflux, rheumatoid arthritis, and mental diseases) [17].  

 



  

25 

1.3. The mechanism of aging 

 

Aging, as a progressive process that affects the physiologic functions in all organ systems, 

increases the infection’s vulnerability and the diseases’ occurrence, dramatically raising the 

mortality risk [18]. The most common mechanisms that contribute to age-related diseases are 

inflammation [19] and cellular oxidative stress [20, 21]. The inflammation occurs as a local 

response to any infection or tissue damage, helping the tissue to regain its function shortly, 

however, during advanced age, the process is delayed, leading to long-term systemic 

consequences [18]. The inflammatory biomarkers: high-sensitivity C-reactive protein 

(hsCRP), interleukin-6 (IL-6) and tumor necrosis factor alpha (TNFA) are associated with 

aging, presenting high circulating concentrations [22]. In the absence of an acute infection, 

elevated levels of these markers during aging were correlated with the prevalence of a variety 

of age-related disorders such as CVDs, T2DM, insulin resistance, cognitive decline and 

dementia, osteoporosis, cancer, frailty and disability [18]. Furthermore, inflammation 

contributes to intracellular oxidative stress, chronic high levels for inflammatory mediators 

leading to a chronic overproduction of ROS [23], as well as mitochondrial dysfunction in late 

life [18, 24]. The imbalances between the production and destruction of ROS generate the 

proteins and organ damage, damage which partially explains the age-related physiological 

dysfunction of the human organism [18]. 

An important functional degradation that influences the CVD evolution with aging is the 

arterial dysfunction [25, 26]. The main changes that might occur in the function of arteries are 

an increased stiffness of the large arteries and a reduced vascular endothelial function [27]. 

Physiologically, the large arteries, the aorta and the carotids, have an elasticity that permits 

them to expand and to return at the original shape, rhythmically, as the heart is beating, 

conducting the blood into every cell of the organism [25]. With age, the stiffness of the 
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arteries will determine the heart to push harder in order to break through that barrier. 

Consequently, many people are developing high blood pressure, as well as problems in the 

high-perfused organs (brain, kidneys or eyes) [26, 28]. The structural changes that determine 

the decreased elasticity and, as a consequence, the stiffness of the arteries are: the fibrosis 

when collagen is increased, the elastin’s degradation and the advance glycation end-products 

(AGEs) formed as the age is increasing [28]. Regarding the endothelial function, normally it 

is regulated by the molecule of nitric oxide (NO) which produces arterial dilatation [29]. 

However, as we are getting older, the ROS diminishes the bioavailability of the NO, therefore 

affecting the arterial endothelial function [26]. 

There is a strong link between cardiovascular system, the age-associated disorders in 

cardiovascular aging include hypertension, atherosclerosis, coronary artery disease, atrial 

fibrillation and heart failure [30].  

A highly prevalent disorder in older patients is hypertension, which contributes 

significantly to a high absolute cardiovascular risk of those subjects [18, 31]. As people get 

older, physiologically, blood pressure changes and, consequently, the prevalence of 

hypertension is increases [32]. The pathophysiology of hypertension includes several major 

changes in the organism that affect its normal function: the conduit vessels lose progressively 

the visco-elastic properties, the atherosclerotic burden increases and the muscular arteries and 

arterioles develop hypertrophy and sclerosis [31, 33]. Moreover, the neurohormonal 

mechanisms (the renin-angiotensin-aldosterone system) decline with age [18], the 

neurohormones dysregulations contributing to high levels of blood pressure [34]. 

Furthermore, an aged kidney has problems in excreting the sodium overload due to a decline 

in the membrane sodium/potassium activity and, as a consequence, the vasoconstriction and 

the vascular resistance are increase [34, 35]. In addition, inflammation and oxidative stress, 

which are both implicated in aging, contribute to endothelial dysfunction, and all three being 
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linked to the development of hypertension in elderly people [18]. Endothelial dysfunction is 

directly contributing to increased systemic vascular resistance, and consequently high blood 

pressure levels [23]. Besides, endothelial dysfunction intensifies the inflammation and 

oxidative stress production, thus creating a vicious cycle, cycle called “Vascular Health 

Triad” [18, 23]. 

Another disorder influenced by the aging generated changes in the organism is myocardial 

infarction, which most of the time is preceded by cardiomyocyte atrophy [36]. The presence 

of senescent cell accumulation at the level of vascular smooth muscle leads to plaque 

formation and atherosclerosis [37]. Moreover, atherosclerosis process diminishes when 

senescent intimal foam cells were removed with a reduction of incidence and progression of 

plaque formation [38]. 

Cardiac senescence also predisposes the development of other major disorders such as 

heart failure and atrial fibrillation [39]. One important hallmark of cardiac aging is 

represented by the decrease of the left ventricular diastolic function [39, 40], encountered in 

both of the CVDs above mentioned. Moreover, heart failure is, in general, associated with a 

systolic dysfunction expressed by a reduced cardiac functional reserve during exercise. The 

age-dependent reduced systolic function is characterised by a decreased myocardial 

contractility, a lower maximum heart rate and a lower maximum ejection fraction [39]. 

However, in half of the patients suffering from heart failure, there is no systolic dysfunction, 

the disorder being then called heart failure with a preserved ejection fraction (HFpEF) [4, 40]. 

The diastolic dysfunctions present in patients with HFpEF are a delayed early relaxation, a 

stiffening of the myocardial and myocyte, as well as changes linked with filling dynamics 

[41]. Furthermore, age-reduction of the pacemaker cells in the sinoatrial node predisposes 

cardiac arrhythmias, the most common being atrial fibrillation [39]. Elderly patients with 

atrial fibrillation present a reduced atrial contraction due to atrial hypertrophy and atrial 
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dilatation, and therefore they present a significant diminished diastolic volume and an 

increased risk of developing heart failure [42, 43]. 

Senescence is a cellular response which is characterized by a stable growth arrest followed 

by different phenotypic alterations with proinflammatory consequences [3].  

Aging is a complex process, nine candidate hallmarks that that are involved in the aging 

process having been identified. (Figure 1). These nine factors proposed by López-Otin at al, 

were carefully chosen as having fulfilled 3 fundamental criteria: (1) they should manifest 

during normal aging; (2) the experimental aggravation should accelerate aging; and (3) the 

experimental amelioration should retard the normal aging process and increase healthy 

lifespan. Out of these 3 characteristics, the last one is the most difficult to accomplished, even 

if restricted to just one aspect of aging. The nine hallmarks of aging proposed by the author 

are: genomic instability, telomere attrition, epigenetic alterations, loss of proteostasis, 

deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence, stem cell 

exhaustion, and altered intercellular communication [9].  
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Figure 1. The Hallmarks of Aging The figure represent the nine hallmarks of aging 

described by López –Otin et al. [9]; genomic instability, telomere attrition, epigenetic 

alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, 

cellular senescence, stem cell exhaustion, and altered intercellular communication [9]. 
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 2. Genetic component of aging  

 

Both aging and age-related diseases have a significant genetic component [44, 45]. It is 

well known that there are a number of premature aging diseases with genetic component, such 

as Werner syndrome [46], Bloom syndrome [47], Rothmund-Thomson syndrome [48] 

Hutchinson-Gilford progeria syndrome [49]. These are excellent examples of how genetic 

factors influence in the aging process. Moreover it has been confirmed that Hutchinson-

Gilford progeria syndrome, has implicated molecular changes that are also linked to normal 

human ageing, like genome instability, telomere length (TL), premature senescence and 

defective stem cell homeostasis in disease development [50].  

DNA integrity and stability are continuously challenged by exogenous factors as physical, 

chemical or biological agents, as well as by endogenous threats, like DNA replication errors, 

inflammation, and ROS [51]. Furthermore, aging also affects the expression of the oxidative 

stress-related gene [52]. 

One of the main contributors to cell cycle arrest is mediated by autocrine signaling 

involving the secretion of growth factors, inflammatory and immune-modulatory cytokines 

and chemokines [53]. Among the proinflammatory cytokines, overexpression of TNFA has 

been implicated in a number of pathological conditions related to chronic inflammation and 

aging. In particular, TNFA induces prolonged growth arrest, decreased telomerase activity 

and telomeric disruptions (shortening, losses and fusions) [54]. Moreover, chronic 

inflammation exerts its effects through mechanisms that include excessive production of free 

radicals and depletion of antioxidants, thus leading to excess oxidative stress. The latter has 

been implicated in the pathogenesis of several age-related diseases, such as diabetes and CVD 

[55, 56]. Reactive oxygen species are likely to be involved in both the induction and 

stabilization of cellular senescence and numerous reports point to links between oxidative 
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damage and the aging process [57]. ROS is also associated with a gradual loss of DNA at the 

ends of chromosomes and eventual telomere dysfunction [58], that contributes to cellular 

senescence [59]. The shortening rate can be accelerated by several factors, including age [60] 

phenotype [61], oxidative stress [62] and endothelial dysfunction [63]. For instance, when 

cells are exposed to high levels of oxidative stress, the amount of telomere attrition per cell 

division significantly increases [64]. Its study is therefore crucial for understanding 

mechanisms associated with the development of age-related diseases [60]. 

Telomere shortening is one of the multiple ¨genetic lesions¨ together with point mutations, 

translocations, chromosomal gains and losses, and gene disruption caused by the integration 

of viruses or transposons. As an evolutionary adaptive system, the organism also developed a 

network of DNA repair mechanisms capable to minimize these lesions. The understanding of 

al these processes could lead to a better understanding of genomic instability, disease process 

as well as to new therapeutic opportunities [65]. 

Human life span is also influenced by genetic background, and the differences could be 

even  more profound when comparing gene polymorphisms between nonagenarians, 

centenarians and average lifespan individuals [66]. Several studies have demonstrated 

associations between and aging-associated diseases including CVD [67-69]. Some of these 

studies have pointed out the significant relationship between the TNFA locus and CVD [70, 

71]. In particular, it has been demonstrated that two SNPs transition substitution-type 

rs1800629, NM_000594.3:c, −488A N G, also known as −308G N A, and rs1799964, 

NM_000595.3:c, −838C N T, located in the TNFA gene, are associated with CVD 

development [72-75]. Moreover, the development and progression of CVD is related to 

cellular senescence, and proinflammatory cytokines may be the triggers for both processes. 

However, the mechanisms are still unclear and genetic tools may be the key to unravelling the 
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mechanisms driving the aging process and its inter-individual differences observed in the 

population.  

The enormous variation in the lifespan is the result of a combination of multiple factors, 

like ambient, individual genotype as well as stochastic factors that can induce genetic and 

epigenetic alterations that cause a decline in somatic stem cell function. As a conclusion it t 

can lead to metabolic dysfunction, degenerative diseases, cancer and aging (Figure 2) [76] 

  

Figure 2.  Representation of genetic factors′ influence in aging and lifespan. The 

environmental conditions (stress, pesticides), individual genotype (genomic and 

mitochondrial DNA) and stochastic factors can induce genetic and epigenetic alterations that 

cause a decline in somatic stem cell function that can be the origin of metabolic, degenerative 

diseases, cancer and aging in the individuals. Modified from Rodriguez-Rodero et al. [76]. 
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3. Aging and telomere shortening  

   

Telomeres are repetitive DNA sequences at the ends of linear chromosomes.  In the 

absence of a telomere maintenance mechanism with each cell division telomeres 

progressively shorten in normal cells. When the chromosome ends become very short, DNA 

damage signal are send resulting in growth arrest (Figure 3) [77]. 

Aging is associated with cellular senescence, which is characterized by irreversible cell 

cycle arrest and dramatic changes in cell morphology and functionality [8, 78, 79]. Leukocyte 

telomere length (LTL) has been used as a biomarker of biological aging [80]. Cellular 

senescence is involved in the development and progression of many unwanted aspects of 

aging and it can be induced by telomere dysfunction, mainly telomere shorting [4], by DNA 

damage due to a decline in DNA repair capacity [20], or by high levels of ROS [4, 24]. 

Moreover, under these conditions, the signals of p53/p21 and p16 are increasing [9, 81, 82]. 

P53 signal is considered to have a central role in cellular senescence, but in the case of DNA 

damage induced by telomere shortening either the p53 or p16 signalling pathways are 

activated [4, 81]. Independent of the TL, another stimulus that triggers senescence is non-

telomeric DNA damage [9], which can be induced by either of the following conditions: 

oxidative stress, irradiation, oncogenic activation, constitutive activation of mitogenic 

stimulus or metabolic stress [4]. At low levels, ROS are useful for the organism, they have the 

purpose to mediate cell signalling and survival, having beneficial effects, but at chronic high 

levels, they become toxic, producing cellular damage [9, 24]. Therefore, a better 

understanding of the senescence mechanisms contributes to the developing of new therapeutic 

strategies for the age-related pathologies and extends the healthy lifespan [9].   
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The genomic stability systems also include specific mechanisms for maintaining the 

appropriate length and functionality of telomeres. Telomere shortening co-occurs with aging 

and is accelerated in the context of human diseases. Moreover, LTL may be a predictor of 

morbidity and mortality [83]. Thus, short telomeres were associated with higher mortality in 

women [84]. In patients with established CVD, LTL can be considered a marker of cellular 

aging, given that telomere attrition and dysfunction play a central role in the machinery that 

drives mitotic cells into senescence [85] and, in patients with coronary heart disease (CHD), 

short telomeres are related to cardiovascular events [86] and all causes of mortality [87]. In 

contrast, an increase in LTL was associated with decreased mortality [88]. Differences in 

telomere length have been observed due to different factors like gender [89] and ethnic 

differences [90].  

Some lifestyle behaviours such as smoking are also involved in LTL [91]. This might be 

due to an increased level of pro-oxidant molecules, like reactive oxygen species (ROS) and 

subsequent oxidative DNA damage [92, 93]. Therefore, telomeres may be a potential 

therapeutic target against cellular aging [94]. 
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Figure 3. Telomeres are repetitive DNA sequences situates at the ends of linear 

chromosomes.  In the absence of a telomere maintenance mechanism with each cell division 

telomeres progressively shorten in normal cells. Due to excessive shortening of telomeres, a 

DNA damage signal are send, resulting in growth arrest. Modified from Shay et al.  [77] 

 

4. Healthy lifestyle for aging and cardioprotection  

 

Environmental factors are of great importance in CVD development and progress. While 

healthy lifestyle can have positive influences on health, smoking and alcohol consumption 

may affect cardiovascular risk as well as the vasculature, even starting from young ages. [95]. 

Recently, air pollution exposure has been recognised as one of the most important risk factor 

for the global burden of CVD [96]. Therefore, it is crucial to take actions against this serious 

aspect, as well as to modify the traditional CVD risk factors commonly associated with 

advanced age. Moreover, by intervening against cardiac aging, not only that the health span of 

the elderly will be improved, but also the lifespan might be extended by delaying CVD-

related deaths [40]. Considering the fact that vascular aging plays an important role in the 

development of CVD with age, lifestyle modifications are recommended to prevent or retard 

the evolution of arterial stiffening, as well as to improve the endothelial function [25]. Arterial 

stiffness, as a natural and common consequence of aging, is also accelerated in hypertension 

[97]. In addition, it is considered as an independent predictive risk factor for CVD and is 

characterized by the aortic pulse wave velocity (PWV), which is an important biomarker used 

in determining the cardiovascular risk [97]. The relationship between arterial stiffness and 

blood pressure is a causal one in both of the directions. It means that high levels of blood 

pressure will cause injuries of the arterial wall, which will further contributes to stiffening, 

while, independently, arterial stiffening, is the main cause for elevated systolic blood 

pressure, in the elderly population [98, 99]. 
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In people at high risk to develop CVDs and having several factors that constitute the 

metabolic syndrome (MetS), the most important lifestyle recommendations include: smoking 

cessation, 30-60 min of daily physical activity, a plant-based MedDiet, with or without energy 

restriction, Dietary Approaches to Stop Hypertension (DASH) diet. Furthermore, in 

overweight and obese subjects with the MetS, there is strong evidence to encourage a healthy 

diet designed to achieve 5% weight loss [100]. On the other hand, diet changes, aerobic 

exercises and weight loss are among the most frequent lifestyle recommendations for 

preventing aging [101]. In addition, in both, people at high risk and in secondary prevention 

of CVD, there should be implemented strategies for a better education in the areas like: 

physical activity, tobacco consumption, and diet [102]. When it comes to dietary changes, 

calorie restriction (CR) is the most studied longevity intervention that has been demonstrated 

to augment lifespan in various models [101]. Diet also plays an important role in blood 

pressure control, as well as in maintaining overall health [18]. Moreover, studies have 

revealed that physical activities and exercises significantly prevent CVDs later in life and also 

attenuate or even reverse, to some extent, age-related cardiovascular function decline [103]. 

Planned, structured and repetitive exercises which are considered of moderate to high 

intensity were proved to provide greater physiological benefits than lower intensity daily 

physical activities, leading to an improved life quality and functional independence [103, 

104]. These benefits consist in improving cardiovascular fitness, bone health, as well as 

physical and cognitive functions [105]. In addition, greater weight loss is associated with 

significant improvements in the cardiovascular health [106]. For instance, in patients who lost 

an average of 10% of their initial weight, a significant reduction in 4 evaluated risk factors: 

fasting glucose, triglycerides, total- and low-density lipoprotein (LDL) -cholesterol were 

observed [106]. 
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5. The role of diet  

5.1. Dietary restriction 

 

 The theory of caloric restriction (CR) and its implication in slowing down aging by 

reducing aging-associated biomarkers has been confirmed by multiple studies [101, 107, 108].  

A dietary plan to achieve CR consists of 20-40% reduction of total caloric intake relative 

to normal intake. In the absence of malnutrition, CR was shown to retard aging, extend 

median and maximal life span and to improve numerous age-related parameters [109, 110]. 

When it is adequate in nutrient composition, CR can also improve cardiometabolic health, 

with a clear implication in insulin resistance, hypertension, dyslipidaemia, inflammation and 

atherosclerosis [111]. By inhibiting key nutrient-sensing and inflammatory pathways dietary 

restriction has an impact on aging and decreases the incidence of CVD by activating multiple 

molecular pathways including proteostasis, genome stability, stress resistance and stem cell 

function [112]. In this context, after fasting, a metabolic shift takes place in the human body 

as liver glycogen stores are depleted and fatty acids from adipose tissue cells are eliberated 

into the blood stream. The fatty acids arrive at hepatocyte levels and there they are oxidized to 

generate Acetyl-CoA with further ketones acetoacetate production [113]. Moreover, it has 

been demonstrated that CR has an effect on all of the following pathways: 1) down-regulation 

of insulin and insulin-like signalling, 2) the amino acid-induced target of rapamycin (TOR)-

S6 kinase signalling pathway and 3) the glucose signalling Ras-protein kinase A (PKA) 

pathway [114]. Those metabolic changes stimulate the adaptive cellular stress responses with 

further effect on prevention and damage repair at molecular level [115]. CR has been 

intensively tested and has been reported to delay or prevent the occurrence of many chronic 

diseases in variety of species, from unicellular yeast to primates and humans [107]. Colman et 

al. conducted a study for over 20 years in adult rhesus monkeys exposed to 30% reduction in 
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total caloric intake and observed a decreased in age-related mortality and a delay in the age-

related disease including cancer, T2DM, cognitive function, and also CVD [116]. In a parallel 

study realized at the National Institute on Aging (NIA), it has been observed that a CR 

implemented in young and older age rhesus monkeys did not increase survival, although, it 

had an effect on improving metabolic profile of the monkeys [117]. There are observational 

studies that related a lower energy intake with an increased survival and a better 

cardiometabolic profile. For instance, data from more than 40 years ago, showed that the 

Japanese in Okinawa had the highest centenarian rate, but also the lowest total energy intake, 

sugar and salt consumption. Furthermore, comparing to the rest of Japan population, the rates 

of death due to cerebral vascular or heart disease in Okinawa populations were 59% less 

[110]. In addition, the effect of CR with or without exercise was tested in healthy non-obese 

adults in order to determine the impact on CVD risk factors. Apart from a body weight 

reduction, the authors reported a significant reduction in triacylglycerol and factor VIIc after a 

CR and also reduced LDL-cholesterol and diastolic blood pressure when CR was 

accompanied by exercise [118]. In both cases the estimated 10-year CVD risk was 

significantly decreased. 

Due to nowadays lifestyle habits, following a CR diet would be very difficult in adult 

population; therefore, new promising strategies for mimicking the effects of CR have been 

developed. This alternative strategies act on the same pathway, preventing or reversing age-

related cardiometabolic dysfunction by stimulating key cellular signalling networks that 

reduce oxidative stress and inflammation process and increase NO bioavailability [26]. 

Intermittent fasting (IF) is another nutritional strategy that acts on reducing oxidative 

damage and increasing cellular stress resistance [119]. It can be implemented in different 

ways, like eating every other day, that so called alternate day fasting (ADF) or an interval-

based approaches (e.g., the “5:2 diet” which consists in unrestricted food intake for 5 of the 7 
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days of the week and fasting or significant CR for the other 2 days [120, 121], or 4 

consecutive days of fasting once per month. IF was demonstrated to reduce fat mass [122, 

123], to improve cardiovascular stress adaptation and heart rate variability, as well as other 

CVD risk factors like insulin sensitivity and a reduction in blood pressure, hsCRP, total-, 

LDL-cholesterol, and triglycerides [120]. Moreover, LDL particle size increases after IF [121] 

and this effect was independent of dietary fat content [124]. Furthermore, after IF the 

inflammation level was lower as hsCRP decreased [121] and the adipokine profile was 

improved [121, 123].  

Maybe the most promising IF is time-restricted feeding (TRF) which consists in limiting 

to 4 to 6 hours the intake of food and caloric beverages without changing the total caloric 

intake [113]. TRF had a beneficial effect over the whole-body fat accumulation and 

associated inflammation, improved glucose tolerance and reduced insulin resistance as well as 

improved nutrient homeostasis and restored cholesterol homeostasis; moreover, these health 

benefits were proportional to the duration of fasting [125]. The mechanism underlying the 

beneficial effect of TRF in longevity has much to do with metabolic homeostasis trough gut-

brain axis, as the implications of post absorptive period in longevity has been recently 

demonstrated [126]. Moreover, latest experimental data confirmed the importance of the 

timing of food intake and health, as mice feed on a singular meal were metabolically healthier 

and lived significantly longer than those mice who received the same amount of calories 

during the whole day, and this results were independent of dietary composition [127].  

It is important to highlight that food consumption effects on aging and CVD are not 

simply the result of a reduction in total caloric intake, but also are determined by dietary 

composition. Dietary interventions promoting the restriction of one specific or more 

macronutrients without the restriction of calories has also been successfully tested. In multiple 

model organisms reducing the total amount of protein intake was shown to have a similar 
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effect as CR on aging and CVD [128]. For instance, in people under 65 years, a reduced 

protein intake was associated with reduced overall mortality [129]. Furthermore, even though 

food intake and body fat increased in experimental mice fed with a low-protein associated 

with high-carbohydrate diet, an increased lifespan and an improvement in cardiometabolic 

parameters were observed [130].  

Moreover, there is a need for more detailed and controlled studies regarding the time of 

feeding and the longevity and cardiovascular implication as recent data suggests that periods 

of daily fasting might be as important as diet quality. 

 

5.2. Mediterranean Diet 

 

Our eating habits constitute our dietary patterns, and we are usually eating a variety of 

nutrients. Therefore, the combination of all of foods and beverages we daily intake may be 

more synergistically powerful than specific nutrients [131]. One of the most powerful tools 

involved in prevention and treatment of diseases and also with potential effect on reducing the 

oxidative DNA damage is the type of the diet consumed.  

MedDiet is one of the most studied dietary patterns when it comes to cardiovascular 

health and consists of high intake of olive oil, fruits, vegetables, fish, whole grains, legumes, 

nuts, and moderate alcohol consumption (normally as red wine taken with meals) and low 

amount of red meat [132]. Numerous studies have demonstrated that a high adherence to 

MedDiet is associated with multiple health benefits. In a recent umbrella review enclosing 

evidences from meta-analyses of observational studies and randomised clinical trials, with a 

total population of more than 12.800.000 subjects, a high adherence to a MedDiet was 

associated with reduction in overall mortality, CVD, coronary heart disease, myocardial 

infarction and diabetes [133].  
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Recently, in our study population of coronary patients it has been demonstrated that high 

adherence to a MedDiet is possible to be achieved after 1 year of dietary intervention. 

Furthermore we described that, if adequate dietary support is provided to patients, in a long-

term perspective of 5 years, it is easier to maintain a high adherence in the long term to a 

MedDiet, than with a low-fat diet [134]. 

Regarding the molecular mechanisms that MedDiet could be involved in both aging and 

cardioprotection, probably, there is a combination of the following pathways: protection from 

oxidative stress and inflammation, lipid lowering, modification of growth factors participating 

in cancer, amino acid restriction with further inhibition of nutrient sensing pathways and also 

gut microbiota-mediated production of metabolites [135]. It was previously demonstrated that  

demonstrated that there is a relationship between gut microbiota and the development of 

metabolic disorders, but also the restored microbiota symbiosis in relation to healthy diet 

consumption [136-138]. Furthermore, it was also highlighted that there is a gender differences 

in relation to gut microbiota in the context of aging [139-141].  

There is strong evidence supporting the potential of MedDiet when compared to control 

diets in modulating cardiometabolic risk markers such as reducing in body weight, BMI and 

waist circumference, offering a better glycaemic control and reducing insulin resistance, 

lowering total cholesterol levels, while increasing high-density lipoprotein (HDL)-cholesterol 

levels [133]. As a result, greater adherence to this pattern is involved in maintaining healthy 

aging [142] including a decreased risk of CVD [143]. A positive associations between high 

adherence to MedDiet and TL has been observed, including in a small study of elderly adults 

in Italy [144], and a large study of female nurses in the US [145].  Moreover, a high 

adherence to a MedDiet could be a good approach for fighting not only against TL, but also 

against oxidative stress, inflammation, probably due to a lower inflammatory status [68, 146] 

and, furthermore, results in cardiovascular protection [68, 147-149]. Another mechanism of 
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aging biology on specific cases of genes associated with telomerase activity or inflammation, 

MedDiet was described to interact with specific variant of polymorphism in order to improve 

TL and other cardiovascular risk parameters [68, 150]. In addition, the consumption of 

MedDiet could have an effect on AGEs production, with further implication in the antioxidant 

defence system, on production of ROS and inflammatory molecules and, therefore, could 

have an effect on aging and cardiovascular system [149, 151, 152]. In the context of 

PREDIMED study, a greater consumption of MedDiet was associated with longer telomeres 

in women [153] and was demonstrated that MedDiet interacts with Ala carriers of the gene 

variant Pro/Ala (rs1801282) in the peroxisome proliferator-activated receptor (PPAR) gamma 

2, to prevent telomere shortening [150]. In this context, a recent systematic review associates 

grater adherence to MedDiet and, especially fruit and vegetables consumption, with longer 

telomeres [154]. In addition, in a double-blind, placebo-controlled randomized clinical trial, 

testing a combined nutraceutical containing red yeast rice (10 mg), phytosterols (800 mg), and 

L-tyrosol (5 mg) [155], an improved positive effects of a MedDiet on multiple cardiovascular 

risk factors and consequently of the estimated cardiovascular risk have been shown. 

 

5.4. Other healthy dietary patterns 

DASH diet 

 

Another diet proposed by international guidelines for the reduction of cardiovascular risk 

markers is the DASH diet [100]. DASH diet encourages a high intake of fruits, vegetables, 

whole grains, low-fat dairy products and a very low intake of sugar-sweetened beverages, red 

meat, added fats and salt [156].  DASH eating pattern had significant favourable outcomes on 

SBP and SBP in adults [157]. Although it is not indicated for those with advanced renal 
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dysfunction, in prospective cohort studies, adherence to a DASH dietary pattern was showed 

to reduce stroke, as well as all-cause, CVD and cancer mortality [158, 159] The effect of this 

type of diet might be due to the intake of foods rich in potassium, magnesium, and calcium 

while there is a reduction in sodium intake.  

Data from 4,758 adults, aged 20-65 years, with no prior diagnosis of major chronic 

disease, participating in National Health and Nutrition Examination Surveys (NHANES) 

conclude that, apart from MedDiet, DASH diet was associated with longer telomeres in 

women [160].   

 

 

 

MIND Diet Pattern 

 

Both DASH and Mediterranean patterns likely provide nutrients that work together in the 

food matrix and could provide a supplementary benefit than that of a single component. Based 

on the previous results, a hybrid Mediterranean-Dietary Approaches to Stop Hypertension diet 

(MIND) has been developed. Its main characteristics include the consumption of olive oil, 

fish, lean poultry, whole grains, green leafy vegetables, other vegetables, nuts, berries, and 

wine in moderation.  On the other hand, the MIND diet limits the intake of fast food, cheese, 

pastries, sweets, red meat, butter and margarine. Among 960 participants of the Memory and 

Aging Project, even moderate adherence to MIND diet was associated with slower cognitive 

decline over an average 4.7 years, as well as a reduced risk of developing Alzheimer’s 

disease. Furthermore, the difference in cognitive decline rates for being in the top tertile 

versus the lowest tertile of MIND diet scores was equivalent of being 7.5 years younger.  

[161, 162] 
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To the contrary, an imbalanced diet, with high proinflamatory index is associated with an 

increase in all-cause mortality [163]. 

 

The role of single dietary components and/or their synergism in aging 

and cardiovascular prevention 

 

A meta-analysis including 50.345 people concluded that the consumption of meat is 

associated with higher fasting glucose and insulin concentrations [164]. On the other hand, in 

Strong Heart Family Study, which included 2.486 American Indians, the consumption of 

processed meat, but not unprocessed red meat, was associated with an increased incidence in 

diabetes development [165]. Furthermore, these dietary characteristics were associated with 

shorter telomeres in the same population [166]. However, this is not a single case; in another 

cross-sectional study realized in 300 healthy, TL was inversely associated with processed 

meat consumption, while no association was observed between TL and total meat intake 

[167]. Similar findings indicate that diet in the remote past, that is 10 years earlier, may affect 

the degree of biological aging in middle-aged and older adults, in the analysis of particular 

food items, lower consumption of red meat or processed meat versus higher consumption of 

legumes, nuts, seaweed, fruits and dairy products [168].  

Recently, it has been reported that higher consumption of cholesterol or eggs was 

associated with an increase in CVD incidence and all-cause mortality [169], that was 

highlighted as an important finding, especially at the population level. This association may 

be mediated by an increment in LDL-C levels, but the exact mechanisms remains to be 

defined. 

Aging can be either accelerated or slowed down by dietary factors. Nutraceutical 

compounds could potentially activate or block the same signalling pathways of aerobic 
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exercise, caloric restriction, and a healthy diet [170]. A schematic representation of possible 

mechanism involved is presented in Figure 4. 

 

 

 

 

 

 

 

 

Figure 4. Lifestyle factors and celular aging. Aging can be either accelerated or slowed 

down by dietary factors. Nutraceutical compounds could potentially activate or block the 

same signalling pathways of aerobic exercise, caloric restriction, and a healthy diet. 

Modified from Rossman et al. [170]. 

 

5.5.  Diet composition in aging and cardiovascular protection 

Olive oil  

As mentioned above, many components of MedDiet could influence TL [146]. An 

important characteristic of MedDiet is the consumption of extra virgin olive oil (EVOO). 

Olive oil consumption has been widely associated with a protective role in CVD. Moreover, 

EVOO intake was associated with a reduction in oxidative stress, inflammation and, 

furthermore, a reduced mortality from CVD [171]. A multitude of studies suggest that this 

 

Aging 
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effect might be due to the polyphenolic compounds presented in EVOO. In a recent meta-

analysis, cardiovascular markers were assessed while comparing high versus low polyphenol 

olive oil. Twenty-six randomized controlled trials were analysed and as a result, the olive oil 

rich in polyphenols improved measures of malondialdehyde, oxidized LDL, total- and HDL- 

cholesterol [172]. In addition, one study performed in hypertensive subjects showed that after 

only 3 weeks of consumption of 25 mL/day virgin olive oil (VOO), enriched in polyphenols, 

showed an increased level of HDL-cholesterol and antioxidant capacity, compared with non-

enriched VOO [173]. Moreover, polyphenols extracted from olive oil have also an important 

effect reducing other age-associated and CV markers. A daily intake of 1-10 μg/mL 

polyphenol extract from olive oil reduced the angiogenic response of endothelial cells to 

vascular endothelial growth factor (VEGF) by preventing β-nicotinamide adenine 

dinucleotide phosphate (NADPH) oxidase activity and expression [174]. Likewise, 

antioxidant and anti-inflammatory agents might have a positive effect on CVD, aging and 

DNA damage, as in the Spanish population a positive correlation was observed between 

EVOO intake and TL, has been observed - an intake of more than 30 ml olive oil had a 

protective effect on TL [175]. It should be highlighted that polyphenols are organic 

compounds found in fruits, vegetables and other plants, with huge interest in the nutrition 

field. Over 8.000 polyphenols have been identified so far, and the scientific community is 

continuously investigating the potential health benefits of the more important ones. Some of 

the polyphenols have substantial health benefits in many areas including aging and 

cardioprotection. 

 

Nuts  

During the last years, growing evidence has surfaced highlighting the important role that 

nuts consumption plays in CVD protection, respectively in the lowering of the associated risk 
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factors. Nuts intake might have several benefits, such as lowering oxidative stress and  

inflammation, and improvement in endothelial function [176-178]. Dyslipidemia, impaired 

vascular function, and hypertension are improved with regular tree nut and peanut 

consumption. The consumption of nuts and its relation to TL has been recently evaluated on 

5.582 women participants included in the National Health and Nutrition Examination Survey 

(NHANES), study which confirmed the beneficial effect of nuts on TL [179]. Same findings 

were validated by Lee et al. in a study done on 1.958 middle-aged and older Korean adults 

[168]. Furthermore, a recent meta-analysis showed that nut consumption seems to be 

associated with lower all-cause mortality and CVD and coronary heart disease mortality, 

while no association was found between such consumption and the occurrence of T2DM, 

although fasting blood glucose was decreased together with decreased total- and LDL- 

cholesterol [180]. 

 

Legumes  

With regard to the consumption of legumes the studies reflect mixt findings. One study 

reports no association between legume intake and TL in adult population over 57 years old 

[181]. On the other hand, Lee et al. observed longer TL as the legume consumption increased 

in a 10 years prospective study [168]. In addition, the consumption of whole grain cereals and 

dietary fibre were positively associated with TL in 2.284 US women included in the Nurses' 

Health Study [182].  

 

Dairy products 

In a cross sectional study that consisted of 4.029 US postmenopausal women, Song et al. 

showed that intake of non-skimed milk, butter and whole-milk cheese were inversely 

associated with TL; however, total milk or cheese intake was not significantly associated with 
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TL after multivariable adjustment [183]. In addition, in a prospective study including 1.958 

Korean adults, higher intake of dairy products was associated with longer TL [168].  

 

Fish and seafood 

Fish ω-3 fatty acid seems to have a protective effect on TL. Over 5 years, baseline levels 

of marine ω-3 were inversely associated with the rate of telomere shortening [184]. Moreover, 

the ω-6: ω-3 polyunsaturated fatty acids (PUFA) ratio was inversely associated with TL in 

106 healthy sedentary overweight middle-aged and older adults (46-85 years) [185, 186].  

Finally, in addition to polyphenols, omega-3 fatty acids, also macroelements and 

vitamins have been shown to affect more than one component of the MetS, as recently has 

discussed in detail [17]. On the other hand, coffee seems to exert beneficial effects on plasma 

biomarkers in key metabolic and inflammatory pathways underlying common chronic 

diseases (such as C-peptide, insulin-like growth factor 1 (IGF-1), IGF binding protein 

(IGFBP) 1, IGFBP-3, estrone, total and free estradiol, total and free testosterone, sex 

hormone-binding globulin (SHBG), total adiponectin, high-molecular-weight (HMW) 

adiponectin, leptin, hs-CRP, IL-6, and soluble TNF receptor 2 (sTNFR-2)) [187]. 

Mechanisms for the cardioprotective effects of moderate coffee (3-5 cups per day [188]) 

consumption include a high concentration of chlorogenic acid, micronutrients, lignans, and 

phytochemicals [189]. By contrary, alcohol use is associated with CVD risk (U-shaped 

relationship), in both abstainers and heavy drinkers having a higher risk compared with 

moderate drinkers (up to 1 drink or 12.5 g alcohol per day for women and 2 drinks or 25 g 

alcohol per day for men) [190]. Such risk is dependent on age, gender, ethnicity, and baseline 

disease [191], but subjects who consume 1 to 2 drinks a day have the lowest risk [192].   

As a summary, the possible mechanisms involved in aging and its relation to CVD, as 

well as the main risk factors involved in this association, are represented in Figure 5.  
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Figure 5. Summary of possible mechanisms involved in aging and its relation to CVD including the main risk factors affecting this association. ADF: Alternative day 

fasting; AMPK: adenosine monophosphate-activated protein kinase; Athero: atherosclerosis, CR: caloric restriction, CVD: cardiovascular diseases; CVRF: cardiovascular risk 

factors; DASH: Dietary Approaches to Stop Hypertension; DysL: dislipidemia; IF: intermittent fasting; mTOR: mammalian target of Rapamycin; ROS: reactive oxygen 

species; T2DM: type 2 diabetes mellitus; TL: telomere length; TRF: time-restricted feeding; Vit: Vitamin; Figure was adapted by Corina A at all. [193]
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III. HYPOTHESIS  
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A linear increase in the life expectancy has been observed in recent years. However, 

despite people living longer lives, there has been a progressive increase in the incidence of 

chronic diseases, which influences the quality of life and the degree of aging. The 

composition of diet has been identified as potential key component in slowing down 

biological aging. Moreover, the genetic background has been proposed as potential predictors 

of age-related diseases. 

Our hypothesis is that the intake of certain nutrients, especially vitamins or fat, could 

have a significant effect on biomarkers of cellular aging, such as telomere length, oxidative 

stress parameters or inflammatory status. On the other hand, several genetic variants, 

specifically those located at tumour necrosis factor alpha (TNFA) gene, could influence the 

inflammatory status and the rate of telomere shortening.  

The null hypothesis is that there is no relationship between the nutrients intake, and 

cellular senescence, and that TNFA gene variants are not associated to inflammation and 

telomere length.  
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IV. OBJECTIVES 
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Main objective 

 

           To investigate whether a relationship can be established between the dietary intake of 

micronutrients (vitamin A, vitamin D, vitamin E, vitamin K, folate, calcium, iron, magnesium 

and selenium) and the degree of biological aging, measured by leukocyte telomere length, 

inflammatory markers and oxidative stress parameters, in a population with established 

cardiovascular disease from the CORDIOPREV study (NCT00924937). 

 

Secondary objectives  

 

1. To study whether the quality and the quantity of the fat intake influences the 

telomeres length in the same population of patients with established cardiovascular disease.  

2. To explore whether genetic variants at the TNFA gene (SNPs rs1800629 and 

rs1799964) are associated with the inflammatory status, thus mediating telomere length and 

its relation to cellular aging in the same population. 
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V. MATERIALS AND METHODS 
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1. CORDIOPREV study design  

 

The current work was conducted within the framework of the CORDIOPREV study. 

The CORDIOPREV study is a prospective, randomized, single blind, controlled dietary 

intervention trial including 1002 patients with CHD. Patients were randomized to receive 

dietary intervention with two different dietary models (MedDiet and Low-fat diet) in addition 

to conventional treatment for CHD. The intervention phase was concluded in December 2018 

and has a median follow-up of 7 years.  

In this study there were included patients between 20 and 75 years old. All of them 

were patients with established CHD and without clinical events in the last six months, who 

had no other severe diseases or a life expectancy of fewer than five years, and  who were 

considered able to follow a long-term dietary intervention. Details of the trial design were 

provided in the ClinicalTrials.gov identifier (NCT number: NCT00924937). This trial was 

designed and conducted by the authors, while the protocol and all amendments were approved 

by the local ethics committees following the Helsinki Declaration and good clinical practices. 

The study protocol, rationale, methods, and baseline characteristics of the 

CORDIOPREV study were described by Delgado-Lista et all, and are presented in more 

details below [194].  

The clinical follow up was performed at the Reina Sofia University Hospital (HURS), 

while all laboratory measurements were conducted at the Instituto Maimonides de 

Investigacion Biomedica de Cordoba (IMIBIC), a scientific institute which carries out 

research into biomedical areas for the HURS and the University of Cordoba, Spain. The 

researchers involved in this study are members of the Lipids and Atherosclerosis Unit, 

Internal Medicine Unit, as well as of the CIBER Fisiopatologia de la Obesidad y Nutrición 
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(CIBERobn), a national research organization studying obesity and nutrition as well as  their 

impact on health and disease. Furthermore, many collaboration agreements with national and 

international research groups are in place, agreements dedicated to performing additional 

ancillary studies. 

 

2. CORDIOPREV study population 

 

2.1. Inclusion criteria  

 

1. Informed consent: All participants agreed to being included in the study by signing 

the protocol approved by the Clinical Research Ethics Committee of Reina Sofia University 

Hospital. In this written statement of consent, it is stated that patients will be randomized for 

inclusion in one of the two the groups. 

2. Diagnostic criteria: The patients with acute coronary syndrome (unstable angina, 

acute myocardial infarction) and high-risk chronic CHD were selected according to the 

following criteria:  

a) Acute myocardial infarction: The existence of at least 2 of the following 3 signs: 

angina-type chest pain (or anginal equivalents), typical ECG changes (appearance of new Q 

waves and/or changes in ST segments and/or T waves), and a rise in myocardial enzymes 

(CPK and/or CPK/MB more than twice the normal laboratory limits). The MB value criterion 

will prevail in case of discrepancies over the total CPK.  

b) Unstable angina: Admission to hospital for angina-type chest pains lasting at least 

15 min, both at rest and after exercise, which have increased in frequency and duration in 
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recent days or weeks. The latest episode must have occurred at least 48 h before admission 

and must have been accompanied by at least 1 of the following electrocardiographic or 

analytical changes:  

- ST depression of at least 0.5 mm in 2 contiguous leads. - ST elevation of at least 1 mm in 2 

contiguous leads. - T-wave inversion of at least 2 mm in 2 contiguous leads. - Positive 

troponin result.  

c) Chronic high-risk ischemic heart disease: patients  who have been hospitalized for a 

coronary event and/or stable angina at least once in the past 2 years and who have undergone 

diagnostic coronary angiography with evidence of severe coronary disease, which is defined 

as the existence of an epicardial vessel greater than 2.5 mm in diameter with stenosis of 

N50% were included. 

 

2.2. Exclusion criteria  

 

1. Patients: younger than 20 years or older than 75 years old, or with a life expectancy 

< 5 year.  

2. Severe heart failure, NYHA functional class III or IV, with the exception of self- 

limited episodes of acute heart failure at the time of the acute ischemic event.  

3. Severe left ventricular systolic dysfunction (with ejection fraction ≤35%).  

4. Patients with restricted capacity to follow the protocol: those unable to follow the 

prescribed diet for whatever reason, due to personal or family circumstances.  
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5. Risk factors that are severe or difficult to control: Patients with hypertension and 

diabetes, where there is organ involvement that limits their survival, were excluded (chronic 

renal failure with creatinine which is persistently N2.5 mg/dL) and disabling clinical 

manifestations of cerebral atherosclerosis.  

6. Chronic diseases unrelated to coronary risk: severe psychiatric illnesses, chronic 

conditions requiring treatment that could limit the dietary intervention (chronic renal failure, 

chronic liver disease, neoplasia under treatment, chronic obstructive pulmonary disease 

involving respiratory pulmonary failure with home oxygen therapy, endocrine diseases 

susceptible to decompensation, and diseases of the digestive tract that involve episodes of 

diarrhea).  

7. Participants in other studies: Patients taking part in other studies, at the time of 

selection or up to 30 days before the beginning of the study.  

 

Randomization in CORDIOREV study  

 

The procedure of randomization was carried out so that the assignment to both diets is 

well balanced. The randomization was based on the following variables:  

- Male or female 

- Older or younger than 60 years 

- Having or not miocardial infarct 

With this distribution, 8 distinct groups were created, with all the possible 

combinations of the above factors, and 8 different blocks were created n order to assign the 
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diets (en bloc randomization). The process of randomization was performed by the 

Andalusian School of Public Health 

The dietitians were the only members of the intervention team aware of the dietary 

group of each participant. The School of Public Health gave the head of the dietary staff 

weekly reports with the progress of randomization, and the assigned diets were crossed 

between each other to validate the correctness of each assignment. Participants were 

randomized to receive two diets: a MedDiet and a Low-fat diet.  

A total of 1.002 patients, between 20 and 75 years old, were included between July 

2009 and February 2012.  

 

3. Study diets and dietary assessment 

 

3.1. Generalities about diet  

 

Registered dieticians were in charge with the dietary monitoring, while internists and 

cardiologists carried out and clinical follow up of the patients 

The models of the two healthy diets are: 

1. MedDiet with a minimum 35% of calories as fat (22% MUFA fat, 6% PUFA fat, 

and <10% saturated fat), 15% proteins, and a maximum of 50% carbohydrates  

2. Low-fat, high–complex carbohydrate diet recommended by the National 

Cholesterol Education Program and the American Heart Association, comprising of 30% total 
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fat (b <10% saturated fat, 12%-14% MUFA fat, and 6-8% PUFA fat), 15% protein, and a 

minimum 55% carbohydrates.  

In both diets, the cholesterol content was adjusted to less than 300 mg/d. 

The objective was not to compare the 2 different diets defined by a certain percentage 

of nutrients but to compare 2 different dietary models or patterns or 2 different food pyramids: 

the dietary pattern of the Mediterranean diet food pyramid versus the dietary pattern 

recommended by the American Heart Association. Both therapeutic diets should provide a 

wide variety of foods, including vegetables, fruit, cereals, potatoes, legumes, dairy products, 

meat, and fish.  

Participants in both intervention groups received the same intensive dietary 

counselling. Dieticians conducted personalized individual interviews at inclusion and every 6 

months, and quarterly group education sessions with up to 20 participants per session and 

separate sessions for each group. These sessions consist of informative talks accompanied by 

written information with detailed descriptions of typical foods for each dietary pattern, 

seasonal shopping lists, meal plans, and recipes.  

In brief, on the basis of the initial assessment of individual scores of adherence using a 

14-item questionnaire, dietitians gave personalized dietary advice to participants randomly 

assigned to the Mediterranean diet, with instructions directed to increasing the score by 

including, among others, (1) abundant use of olive oil for cooking and dressing; (2) increased 

consumption of fruit, vegetables, legumes, and fish; (3) reduction in total meat consumption, 

with white meat recommended instead of red or processed meat; (4) preparation of homemade 

sauces with tomato, garlic, onion, and spices with olive oil to dress vegetables, pasta, rice, and 

other dishes; (5) avoidance of butter, cream, fast food, sweets, pastries, and sugar-sweetened 

beverages; and (6) in alcohol drinkers, a moderate consumption of red wine.  
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The participants assigned to the Mediterranean diet were given free extra virgin olive 

oil (1 L/wk). This amount was not intended to be for the exclusive use of the participant but 

for the family to use at home if needed. The participants were not told to use all the oil but 

just as much as they needed in their regular diet. The extra virgin olive oil was provided by 

the Fundación Patrimonio Comunal Olivarero and always contained N75% of MUFA, N300 

ppm of phenolic compounds, and 12% saturated fats (laboratory authorization number A-

033-AU, Consejeria De Agricultura, Pesca Y Desarrollo Rural, Junta de Andalucia). The 

participants randomized to the low-fat diet received recommendations focused on limiting all 

types of fat, from both animal and vegetable sources, and on increasing the intake of complex 

carbohydrates. The participants also received free food packs incorporating the main food 

components of this dietary pattern.  

No energy restriction and no physical activity were indicated.  

Measuring the effectiveness in CORDIOPREV study  

The primary outcome of the CORDIOPREV study is to compare the appearance of a 

number of cardiovascular events after a median follow-up of 7 years in secondary prevention 

with 2 dietary models: a Mediterranean diet (rich in olive oil) or a low-fat diet. The composite 

outcome includes the following cardiovascular events: myocardial infarction, 

revascularization, ischemic stroke, documented peripheral artery disease, and cardiovascular 

death. 

 

3.3. Dietary information 

At the beginning of the study, and once a year, patients were subjected to a detailed 

dietary evaluation. Registered dieticians collected information regarding the dietary intake in 
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a face-to-face interview with the participants using the semi-quantitative food frequency 

questionnaire (FFQ), previously validated in a Spanish population [195, 196] 

The FFQ collects information on the average consumption frequency and serving size 

for 146 food items and beverages consumed during the previous year using nine categories of 

consumption frequency (never or almost never, 1–3 times a month, once a week, 2–4 times a 

week, 5–6 times a week, once a day, 2-3 times a day, 4-6 times a day or more than 6 times a 

day). The average daily consumption of total energy and other nutrients was calculated using 

the FFQ data and the food composition data published by Moreiras O. et al. [197]. As an 

example, the first part of FFQ is presented in Figure 6. 

Figure 6. Part of the 146- items FFQ used to evaluate the dietary intake of the patients 

included in CORDIOPREV study. Adapted by Fernandez-Ballart et al. [195] 

For the dietary intake of vitamins, the gathered data was compared with national data 

using Daily Recommended Intake in the Spanish population [198], dietary reference values 

and dietary guidelines proposed by  the European Food and Safety Authority (EFSA) [199], 

and EFSA Scientific Opinion on Dietary Reference Values for vitamin E [200].  

	



  

63 

None of the CORDIOPREV Study participants were consumers of dietary 

supplements containing any of the micronutrients investigated.  

In our study (1002 patients), we excluded those subjects who had unusual daily energy 

intake, as defined by Willett [201] <500 or >3500kcal/d for women and <800 or 

>4000kcal/day for men (n=4), those patients with no data on food frequency questionnaire 

(FFQ) (n=2).  

A validated 14-item questionnaire was used to appraise the adherence of participants 

to the MedDiet. [202] (Table 1). This questionnaire was used at baseline (before the start of 

the dietary intervention) and for the yearly follow-up visits. As described by Quintana-

Navarro et al, [134] this score consists of 2 questions about eating habits, 8 questions about 

consumption frequency of typical foods for the MedDiet and other 4 questions referring to the 

consumption of foods that are not recommended in this diet. Each question was scored with 0 

(non-compliant) or 1 (compliant). The total score and the total score ranged from 0 to 14, 

where 0 is the lowest and 14 points meant maximum adherence. Mediterranean diet adherence 

can be categorized into 3 categories; Low (0–5), Medium (6–9), and High (10–14) [202] 
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Table 1. The 14- items Mediterranean diet questionnaire, validated by Schroder [202] 

Questions Criteria for 

1 point 

1. Do you use olive oil as main culinary fat? Yes 

2. How much olive oil do you consume per day (including oil used for 

frying, salads, out-of-house meals, etc.)? 

≥4 tbsp 

3. How many portions of vegetable do you consume per day? (1 

serving: 200 g [consider side dishes as half a serving]) 

≥2 (≥1 

portion raw 

or as a salad) 

4. How many fruits (including natural fruit juices) do you consume per 

day? 

≥3 

5. How many servings of red meat, hamburger, or processed meat 

products (ham, sausage, etc.) do you consume per day? (1 serving: 

100–150 g) 

<1 

6. How many servings of butter, margarine, or cream do you consume 

per day? 

<1 

7. How many sweet or carbonated beverages do you drink per day? <1 

8. How much wine do you drink per week? ≥7 glasses 

9. How many servings of legumes do you consume per week? (1 

serving: 150g) 

≥3 

10. How many servings of fish or shellfish do you consume per week? 

(1 serving 100–150 g of fish or 4–5 units or 200 g of shellfish) 

≥3 

11. How many times per week do you consume commercial sweets or 

pastries (not homemade), such as cakes, cookies, biscuits, orcustard? 

<3 

12. How many servings of nuts (including peanuts) do you consume 

per week? (1 serving 30 g) 

≥3 

13. Do you preferentially consume chicken, turkey, or rabbit meat 

instead of veal, pork, hamburger, or sausage? 

Yes 

14. How many times per week do you consume vegetables, pasta, rice, 

or other dishes seasoned with sofrito (sauce made with tomato and 

onion, leek, or garlic and simmered with olive oil)? 

≥2 
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4. Laboratory measurements 

 

Blood samples were collected after a 12-hour overnight fasting at the beginning of the 

study and once a year during the follow-up period. In the present work, we have used the 

information on biochemical parameters obtained at the beginning of the study (baseline). 

Samples were collected in EDTA tubes (final concentration of 0.1% EDTA) and plasma was 

separated from the red cells by centrifugation at 1500 x g for 15 min at 4º C and immediately 

frozen at -80º C. The biochemical measurements were performed at the Reina Sofia 

University Hospital by medical staff that was unaware of the interventions. Lipid variables 

were assessed with a DDPPII Hitachi modular analyser (Roche, Basel, CH) using specific 

reagents (Boehringer-Mannheim, Ingelheim am Rhein, DE). Plasma triglycerides (TG) and 

cholesterol concentrations were assayed by enzymatic procedures. High-density lipoproteins 

(HDL-C) were measured following precipitation of a plasma aliquot with dextran sulphate-

Mg2+. Low-density lipoprotein (LDL-C) concentration was calculated by the Friedewald 

equation, using the following formula: LDLc = CT- (HDL + TG / 5). Glucose measurements 

were performed by the hexokinase method. The levels of hs-C-Reactive Protein (hs-CRP) 

were determined by high-sensitivity ELISA (BioCheck, Inc., Foster City, CA, USA). 

 

5. DNA isolation from blood samples 

 

Blood samples for DNA isolation were collected as described above and blood cells 

were obtained from buffy coat fraction, which is rich in white cells such as leukocytes and 

mononuclear cells (neutrophils, eosinophils, basophils, lymphocytes, and monocytes). DNA 
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isolation was carried out through the salting-out method [203] using 10 mL of Montreal-

Baltimore buffer (0.32 M sucrose, 0.1 mM Tris HCl pH 7.5, 0.025 mM MgCl2, 1% Triton X-

100) and mixing and centrifuging to separate the nuclear fraction.  Then, the nucleic pellet 

was homogenized with 3 mL of nuclei lysis buffer (10 mM Tris-HCl pH 8.2, 2 mM EDTA, 

0.4 M NaCl) and 10 % SDS and proteinase K.  The DNA was precipitated with 6 M NaCl and 

washed with 100 % ethanol.  Finally, the genomic DNA was extracted and resuspended in 

500 μL of 1 X TE buffer. DNA purity and concentration were evaluated by 

spectrophotometry using NanoDrop ND-2000 (ThermoFisher, Waltham, MA). 

 

6. Quantitative PCR analysis of telomere length 

 

LTL was determined at the beginning of the study, using the Cawthon method by 

qPCR [204]. For all samples, we estimated the relative ratio of telomere repeat amplicon (T) 

has been estimated normalized against a housekeeping gene, the homo sapiens ribosomal 

protein L13a gene RPL13a (S). Results for each PCR were normalized to a standard curve, 

built using a DNA reference sample. The standard curves for telomere and RPL13a gene 

PCRs consisted of eight DNA reference standards (1–25 ng). All PCRs were performed in 

duplicate with the use of an iQ5 thermal cycler (Bio-Rad Laboratories, Inc., Hercules, CA, 

USA) and SensiFASTTM SYBRLo-ROX kit (Bioline, London, UK). The inter-plate 

coefficient of variation (CV) using the DNA reference was 3.5 % for the telomere repeat 

amplicon and 2.2 % for the housekeeping gene. The thermal cycler profile for both amplicons 

began with 95 °C incubation for 3 min to activate the polymerase, followed by 40 cycles of 95 

°C for 5 s, 54 °C for 15 s. The reaction mix composition was identical except for the 

oligonucleotide primers: 20 ng template DNA, 1× SensiFAST TM SYBR Lo-ROX, 200 nM 
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reverse primer, 200 nM forward primer. The following sequences correspond to the primers 

used to amplify the telomeric sequence; 

TeloFw:5´CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT- 3´; TeloRw: 5´ -

GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT- 3´ ; and RPL13a gen, 

RPL13aFw: 5´-CCTGGAGGAGAAGAGGAAAGAGA- 3´; RPL13aRw:5´-

TTGAGGACCTCTGTGTATTTGTCAA- 3´.  

 

. 

7. Genotyping  

 

SNPs rs1800629 and rs1799964 at the TNFA gene were genotyped using the TaqMan 

assays, C___7514879_10 and C___7514871_10 provided by Life Technologies (Data base: 

https://www.lifetechnologies.com/es/en/ home/life-science/pcr/real-time-pcr/real-time-pcr-

assays.html).  

We performed genotyping on the OpenArrayTM SNP Genotyping System (Life 

Technologies, Carlsbad, CA, USA) using microscope slide-sized plates and the Openarray 

Accufill autoloader (Life Technologies, Carlsbad, CA, USA), following the manufacturer's 

instructions.  

Four to six plates were thermally cycled simultaneously using a flat-block Geneamp 

PCR System 9700 thermal cycler (Life Technologies, Carlsbad, CA, USA) and subsequently 

read on the OpenArrayTM NT Imager as an endpoint assay. The Hardy–Weinberg 

equilibrium (HWE) was determined using the X2 test with 1 degree of freedom.  

Genotypes were called using the TaqMan Genotyper software V 1.3 (Life 
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Technologies, Carlsbad, CA, USA), which also provided information regarding the minor 

allelic and genotypic frequencies. To compare our allelic frequencies, the database 

1000GENOMES (http://www.1000genomes.org/1000-genomes-browsers) was used, selecting 

1000GENOMES:phase_3:IBS (Iberian populations in Spain) as the reference population. 

Haploview v4.2 [205] was used to estimate the Linkage Disequilibrium (LD) level among 

TNFA SNPs by analysing the D′ and r2 values. In addition, we analysed genetic frequencies 

for SNPs rs1800629 and rs1799964 according to gender.  

 

7.1. Isolation of RNA samples and cDNA synthesis from peripheral blood 

mononuclear cells  

 

We randomly selected 90 subjects for gene expression studies. Blood samples were 

processed and peripheral blood mononuclear cells (PBMC) were isolated as previously 

described by Cruz-Teno et al. [206].  

The total RNA was isolated using Tri Reagent (Sigma, St Louis, MO, USA) from 

PBMC obtained at the beginning of the study in the basal time. RNA samples were analysed 

with RNA quality indicator (RQI), having a quality index in the 7–10 range. The RQI and 

RNA integrity was investigated using the Experion platform (Bio-Rad Laboratories, Inc., 

Hercules, CA, USA). Next, since PCR can detect even a single molecule of RNA, the samples 

were digested using the DNAse I- AMPD-1 kit (Sigma, St Louis, MO, USA) before cDNA 

synthesis. cDNA synthesis was performed on each sample using the High-Capacity cDNA 

Reverse Transcription Kit (Life Technologies, Carlsbad, CA, USA), which yields up to 2 μg 

of cDNA.  
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7.2. qRT-PCR analysis of gene expression  

 

Real-Time PCR reactions were carried out through the platform multi-assay and multi-

reaction OpenArray (Life Technologies, Carlsbad, CA, USA), following manufacturer's 

instructions.  

The oligo sequences that amplified our target genes were selected from database 

TaqMan gene expression assays: http://www.lifetechnologies.com/es/en/home/ life-

science/pcr/real-time-pcr/real-time-pcr-assays.html.  

The expression levels of the following inflammation related genes: TNFA, and IKKβ; 

and NADPH-oxidase subunits genes p47phox, p40phox, gp91phox and p22phox were 

analysed. The normalization for each gene was calculated through the combination of B2M, 

GAPDH and RPLP0 as housekeeping genes using the Bestkeeper method (Pfaffl et al., 2004). 

The relative expression data was analyzed by OpenArray® Real-Time qPCR Analysis 

Software (Life Technologies, Carlsbad, CA, USA).  

 

8. Oxidative stress parameters 

 

On a randomly selected group of subjects we investigated oxidative stress and damage 

biomarkers such as: Lipid peroxides (LPO; µmol/mg protein), total glutathione (tG; mmol/mg 

protein), reduced glutathione (GSH; mmol/mg protein), oxidized glutathione (GSSG; 

nmol/mg protein), and the quotient between them (ratio GSH/GSSG). The Glutathione 
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peroxidase (E.C.:1.11.1.9) activity (GPx) was evaluated in plasma by the Flohe and Gunzler 

method.  The GPx assay is based on the oxidation of nicotinamide adenine dinucleotide 

phosphate to NAD+, catalysed by a limiting of glutathione reductase, with maximum 

absorbance at 340 nm [207]. All samples were analysed with a Shimadzu spectrophotometer 

(UV-1603; Shimadzu, Kyoto, Japan) and the reagent kits were LPO 586 (LPO), GSH 420 

(tG), GSH 400 (GSH), and GSH 412 (GSSG). Carbonylated proteins were measured 

(nmol/mg hemoglobin) as an indicator of protein oxidative stress. The carbonyl content was 

evaluated using the method of Levine. The evaluation was made in a Shimadzu 

spectrophotometer (UV-1603) at a wavelength of 360 nm. Nitric oxide was measured with the 

Griess method [208]. The evaluation was performed on a Shimadzu spectrophotometer (UV-

1603) at a wavelength of 540 nm. Nitrotyrosine concentration was determined using 3-

Nitrotyrosine Elisa Kit (Abcam R. discover more, Cambridge, UK). All of the oxidative stress 

determinations were analysed by spectrophotometry with Bioxytech S.A. reagents (Oxis 

International, Portland, OR, USA) at the Department of Biochemical and Molecular Biology 

of the Medicine Faculty at Cordoba University. 

 

9. Statistical analyses 

 

All the variables; the biochemical parameters, the micronutrient intake and LTL, were 

assessed for normality of distribution using the Kolmogorov-Smirnov test and normalized 

when needed, by log10 transformation. Data are presented as the mean ± standard error of the 

mean (SEM). T Student Test was used to analyze the differences between the biological 

groups at baseline. A bivariate correlation was used to test the association between LTL and 

the food intake and Vitamin E intake and LTL. All tests were based on a two-tailed level of 
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significance. Univariate Analysis of Variance was used to evaluate the differences in mean of 

LTL for each micronutrient, vitamin E, and olive oil intakeThe differences in mean of LTL 

values, gene expression, and the interaction with the genotype were evaluated by One-Way 

ANOVA analysis. Further- more, comparisons of frequencies between qualitative variables 

were carried out using the Chi Square test. The analyses were adjusted for potential 

confounders: gender, age, BMI, cigarette smoking and caloric intake when needed and p<0.05 

was considered to be significant.  

The statistical analysis was carried out using SPSS (now PASW Statistic for Windows 

(version 21.0) (IBM. Chicago, Illinois, USA)).  
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VI. RESULTS 
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Results 1. Derived from the original article 

"Low intake of vitamin E accelerates cellular 

aging in patients with established 

cardiovascular disease: The CORDIOPREV 

study" 
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1.1. LTL according to Dietary Reference Values for micronutrients 

proposed by European Food Safety Authority and Recommended Daily 

Intake of micronutrients for the Spanish population. 

 

There was no difference in LTL of those patients having an adequate or an inadequate 

intake of micronutrients according to the Dietary Reference Values proposed by EFSA and 

Recommended Daily Intake of micronutrients in the Spanish population, except for vitamin E. 

LTL of those patients consuming an inadequate amount of vitamin E were shorter than of 

those who reached the recommended amount of this vitamin (p=0.004 and p=0.005, 

respectively) (Table 2). 
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Table 2. Leukocyte telomere length according to Dietary Reference Values for nutrients 

proposed by European Food Safety Authority and by Daily Recommended Intake of 

micronutrients for Spanish population. 

 

 

Results are expressed as the mean leukocyte telomere length (LTL) mean ± Standard error of 

the mean. When analysing Dietary Reference Values proposed by European Food Safety 

Authority we used (in superscript) (1) Population Reference Intakes (PRIs) and (2) Adequate 

Intakes (AIs). Data were analysed using Univariate Analysis of Variance through SPSS 

Statistic for Windows (version 21.0) (IBM. Chicago, Illinois) and adjusted for age, gender, 

total caloric intake, smoking status and body mass index. *p<0.05

 Dietary Reference Values by European Food 

Safety Authority 

Daily Recommended Intake in the Spanish 

population 

 Inadequate 

Intake 

Adequate 

intake 

p 

Inadequate  

intake 

Adequate 

intake 

p 

Vitamin A1 1.31 ± 0.03 1.34 ± 0.10 0.730 1.30 ± 0.02 1.22 ± 0.12 0.660 

Vitamin D2 1.28 ± 0.02 1.34 ± 0.09 0.507 1.28 ± 0.02 1.30 ± 0.18 0.895 

Vitamin E2 1.13 ± 0.04 1.31 ± 0.02 0.004* 1.13 ± 0.05 1.30 ± 0.02 0.005* 

Vitamin K2 1.14 ± 0.17 1.28 ± 0.02 0.399 1.43 ± 0.10 1.28 ± 0.02 0.715 

Vitamin C1 1.24 ± 0.06 1.29 ± 0.02 0.480 1.21 ± 0.16 1.28 ± 0.02 0.769 

Folate1 1.27 ± 0.03 1.30 ± 0.04 0.461 1.28 ± 0.02 1.30 ± 0.06 0.928 

Calcium1 1.30 ± 0.03 1.26 ± 0.03 0.256 1.30 ± 0.03 1.24 ± 0.04 0.056 

Iron1 1.30 ± 0.07 1.28 ± 0.02 0.996 1.30 ± 0.09 1.28 ± 0.02 0.819 

Magnesium2 1.25 ± 0.03 1.30 ± 0.03 0.305 1.25 ± 0.04 1.31 ± 0.03 0.267 

Selenium2 1.31 ± 0.09 1.28 ± 0.02 0.801 1.23 ± 0.13 1.28 ± 0.02 0.812 
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1.2. Baseline characteristics of the study population according to the 

recommended vitamin E (as -Tocopherol) intake. 

 Our results showed no difference in age, anthropometric data, blood pressure, lipid 

parameters or glucose level according to an adequate or inadequate intake of vitamin E 

(according to the recommendation for Spanish population) (Table 2) 

Table 2. Baseline characteristics of CORDIOPREV study population according to 

Recommended Daily Intake of vitamin E for Spanish population. 

 

 

 

 

 

 

 

 

 

 

 

 

Subjects were classified according to the recommended daily intake of vitamin E for Spanish 

population in those having an adequate vs. an inadequate intake of vitamin E. Values expressed as 

mean ± standard error of the mean.BMI, body mass index; WC, Waist circumference; SBP, Systolic 

Blood Pressure; DBP, Diastolic Blood Pressure, Total-C, Total cholesterol; LDL-C, low-density 

lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.Variables 

were analyzed by T Student Test trough SPSS Statistic for Windows (version 21.0) (IBM. Chicago, 

Illinois).  

 
Vitamin E   

p 
Inadequate  intake Adequate intake  

N 130 832  

Age (years) 60.6 ± 0.75 59.4 ± 0.31 0.204 

BMI (kg/m2) 30.9 ± 0.34 31.1 ± 0.16 0.086 

WC (cm) 104.0 ± 0.89 105.2 ± 0.40 0.237 

SBP (mmHg) 141.2 ± 1.85 138.3 ± 0.69 0.087 

DBP (mmHg) 77.6 ± 9.52 77.2 ± 0.38 0.696 

Total-C (mg/dl) 157.1 ± 2.99 158.9 ± 1.07 0.302 

LDL-C (mg/dl) 88.3 ± 2.56 88.5 ± 0.90 0.067 

HDL-C (mg/dl) 43.0± 1.00 42.2 ± 0.35 0.099 

TG (mg/dl) 125.8 ± 5.42 132.7 ± 2.5 0.511 

Glucose (mg/dl) 113.6 ± 3.10 113.9 ± 1.37 0.200 
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1.3. The primary food sources of vitamin E in our study population  

 

We investigated the primary food sources of vitamin E, as -Tocopherol. In our 

population, the main source of vitamin E was olive oil. Thus, a total amount of 10 mg, 

representing 53 % of the entire amount of vitamin E intake, was obtained from olive oil. 

Vegetables were the second most important source providing 2 mg of -Tocopherol, 

representing 12 % of the total amount consumed. Fish consumption provided 0.9 mg of α-

Tocopherol, representing 5% of the total intake. The other sources include sunflower oil, 

witch provides 0.7 mg of α-Tocopherol (representing 4% of the total vitamin E intake), but 

also eggs, whole grain cereals, walnuts and other nuts. (Table 4). 
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Table 4. Vitamin E intake (as α-Tocopherol) from the main food sources in study 

population. 

 

 

Data represent the mean and standard error of the mean (SEM) of the amount of vitamin E, as 

α-Tocopherol, taken from the main food sources and the mean percentage of vitamin E from 

the total daily amount provided by different food sources.  ^ Total nuts intake, except walnuts. 

  

 Amount of vitamin E taken 

from each food 

Percentage of vitamin E from 

the total amount, provided by 

different food sources 

Food Mean (mg) SEM Mean (%) SEM 

Olive oil 9.92  0.16 52.57 0.58 

Vegetables 1.99 0.03 12.03 0.20 

Fish 0.91 0.02 5.30 0.12 

Sunflower oil 0.73 0.06 4.10 0.27 

Nuts^ 0.55 0.03 2.98 0.15 

Eggs 0.23 < 0.01 1.43 0.03 

Whole grain cereals 0.08 < 0.01 0.47 0.03 

Walnuts 0.04 < 0.01 0.22 0.01 
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1.4. The relationship between the primary sources of vitamin E foods and 

leukocyte telomere length 

 

Pearson correlation analyses were performed to investigate the relationship between 

the primary food sources of vitamin E and LTL.  Our results show a significant positive 

correlation of olive oil intake (r2=0.083, p=0.010) and fish intake (r2=0.090, p=0.006), with 

LTL (Table 5). 

Table 5. Correlation between the intake of the main food sources of vitamin E and 

leukocyte telomere length 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Data represent Person correlation, r2 and the significance of food consumption and leukocyte 

telomere length. Variables were analyzed by Two-tailed Pearson Correlation Test trough 

SPSS Statistic for Windows (version 21.0) (IBM. Chicago, Illinois). ^ Total nuts intake, 

except walnuts.   

Food r2 p-Value 

Olive oil 0.083 0.010 

Vegetables 0.017 0.607 

Fish 0.090 0.006 

Sunflower oil -0.054 0.097 

Nuts^ 0.018 0.575 

Eggs -0.043 0.185 

Whole grain cereals  0.011 0.738 

Walnuts -0.031 0.342 
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1.5. Leukocyte telomere length according to different dietary Vitamin E 

intake classification. 

We divided our patients according to four different models to categorize Vitamin E 

intake (as -Tocopherol): tertiles of vitamin E intake in our study population, the 

recommendation made for Spanish population, the recommendation by the EFSA and the 

RDA made by FNB. 

After analysing the LTL according to tertiles of vitamin E intake, we observed that 

subjects in the upper tertile (vitamin E intake >21.1 mg/day) had longer LTL than those 

subjects included in the lower tertile (vitamin E intake <15 mg/day) (p=0.007) (Figure 7 A).  

A total of 130 patients (13.5% of the total) had a vitamin E intake below the 

recommendation of 12 mg/day, which is the recommended intake for the Spanish population. 

Regarding EFSA Panel Adequate Intakes (AI’s) recommendation of 11 mg/day for women 

and 13 mg/day for men, a total of 15.3 % of the patients did not reach the recommended 

amount.  

When analyzing the population according to RDA values established by FNB for 

vitamin E, of 15 mg/day, 33.4% of patients were below the RDA. Overall, patients with an 

adequate intake of vitamin E according to Spanish, EFSA and FNB recommendation had 

longer LTL than those with an inadequate intake (p=0.005, p=0.004, and p=0.015, 

respectively) (Figure 7 B, 7C, 7D). 
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Figure 7. Leukocyte telomere length according to: A) Tertiles of vitamin E intake; B) 

Daily Recommended Intake of vitamin E for Spanish population; C) Adequate Intakes 

for vitamin Eestablished by European Food Safety Authority; and D) Recommended 

Dietary Allowance for vitamin E from U.S. Food and Nutrition Board. Values represent 

the mean leukocyte telomere length, error bar represents standard error of the mean. Data 

were analyzed using Univariate Analysis of Variance adjusted for age, gender, total caloric 

intake, smoking status and body mass index through SPSS Statistic for Windows (version 

21.0) (IBM. Chicago, Illinois). Bonferroni post hoc test was used to assess differences 

between groups in Figure 7. A. Differences were considered to be significant when * p<0.05. 
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1.6. Relationship between the vitamin E intake and LTL 

We analysed the correlation between the intake of vitamin E and LTL and 

demonstrated a positive and significant correlation (Pearson correlation r2=0.084, p=0.010) 

(Figure 8). 

 

Figure 8. Pearson correlation analysis between Vitamin E intake and leukocyte telomere 

length. Variables were analyzed by Two-tailed Pearson Correlation Test using SPSS Statistic 

for Windows (version 21.0) (IBM. Chicago, Illinois), and p<0.05 was considered to be 

significant. 
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1.7. Leukocyte telomere length by olive oil intake 

 

Olive oil intake was the major source (>50%) of vitamin E in our population, 

amounting to  ~10 mg/day. At baseline, the average olive oil consumption in our study 

population was 34 ± 0.4 mL/day. In our population, only 18 patients (1.9%) consumed less 

than 20 mL olive oil/day while 577 (60%) of our patients consumed between 20 and 30 

mL/day, and the remained 367 (38.1%) consumed more than 30 mL olive oil/day. We 

observed longer LTL as the olive oil intake increased (p=0.013) (Figure 9). 

 

Figure 9. Leukocyte telomere length according to olive oil intake. Values represent 

themean leukocyte telomere length; error bar represents standard error of the mean. Data were 

analyzed using Univariate Analysis of Variance adjusted for age, gender, total caloric intake, 

smoking status and body mass index through SPSS Statistic for Windows (version 21.0) 

(IBM. Chicago, Illinois). Differences were considered to be significant when p<0.05. 
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1.8. Aging, oxidative stress and vitamin E correlations 

 

We investigated the correlation between oxidative stress biomarkers and LTL and we 

did not observe any significant relation between these variables. Moreover, we explored the 

correlation between the oxidative stress biomarkers and the vitamin E intake. The only 

statistically significant correlation observed was between the glutathione peroxidase activity 

and the vitamin E intake (Table 6).   

Table 6. Correlation between oxidative stress biomarkers and the LTL and the 

vitamin E intake. 

 Leukocyte telomere 

length 

Vitamin E intake  

 r2 p-Value r2 p-Value 

Total glutathione (mmol/mg) 0.052 0.377 0.01 0.864 

Reduced glutathione (mmol/mg) 0.019 0.74 0.015 0.796 

Oxidized glutathione (mmol/mg) 0.048 0.412 -0.008 0.89 

Reduced glutathione / Oxidized 

glutathione Ratio 

-0.051 0.401 -0.009 0.886 

Glutathione peroxidase activity 

(UI/mg de Hg) 

-0.01 0.861 -0.158 0.006 * 

Carbonylated proteins (nM/ml) 0.061 0.298 0.04 0.492 

Nitric oxide (µM/L) -0.036 0.541 0.031 0.592 

Lipid peroxides (µmol/mg protein) 0.045 0.445 -0.035 0.544 

 

Correlation analysis was performed using a Person correlation analysis, and * p<0.05 was 

considered to be significant. Variables were analyzed by Two-tailed Pearson Correlation Test 

trough SPSS Statistic for Windows (version 21.0) (IBM. Chicago, Illinois). ). Vitamin E 

intake as a-tocopherol (mg/day) 
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Furthermore, we explored if there was any difference in those patients consuming less then 

recommended vitamin E and those who had an adequate intake of vitamin E.  We found 

higher plasma GPx activity levels in the subjects with an inadequate intake of vitamin E 

according to the recommendation for Spanish population than in the subjects with an adequate 

vitamin E intake (p=0.031) (Figure 10). 

 

 

 

Figure 10. Glutathione peroxidase activity by vitamin E intake recommendation for 

Spanish population. Values represent mean glutathione peroxidase activity, error bar 

represents standard error of the mean. Data were analyzed using Univariate Analysis of 

Variance through SPSS Statistic for Windows (version 21.0) (IBM. Chicago, Illinois) 

adjusted for age, gender, smoking status, body mass index. Differences were considered to be 

significant when * p<0.05. 
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1.9. Inflammatory parameters, leukocyte telomere length and Vitamin E 

intake 

We studied weather the inflammation affects the LTL given that is a process directly 

related with the oxidative stress status, which trigged to the telomeres attrition. We performed 

correlation analysis between LTL, vitamin E and inflammatory parameters measured in our 

study, such as TNF-alpha or IL-6, or hs-CRP assessed as a function of vitamin E intake. Our 

results do not show any significant correlation between the studied variables, except for the 

hs-CRP (r2= -0.074, p=0.023). (Table 7). 

Table 7.  Correlation analysis between inflammatory parameters and LTL, and 

vitamin E intake. 

 Leukocyte telomere length Vitamin E intake 

 r2 p-Value r2 p-Value 

TNFA (pg/mL) -0.019 0.621 0.009 0.809 

IL6 (pg/mL) -0.025 0.516 -0.018 0.647 

hs-CRP (mg/L) -0.074 0.023* 0.045 0.17 

MCP1 (pg/mL) 0.017 0.715 0.007 0.874 

Adiponectine (pg/mL) -0.017 0.718 -0.053 0.27 

IL1B (pg/mL) -0.05 0.31 0.048 0.331 

Resistine (pg/mL) -0.081 0.091 0.011 0.814 

Leptine (pg/mL) -0.081 0.091 -0.028 0.557 

 

 hs-CRP, high sensitivity C-reactive protein; IL1B, Interleukin 1 beta; IL6, Interleukin 6; 

MCP1, Monocyte Chemoattractant Protein-1 TNFA, Tumor necrosis factor alpha. 

Correlation analysis was performed using a Person correlation analysis, and * p<0.05 was 

considered to be significant. Variables were analyzed by Two-tailed Pearson Correlation Test 

trough SPSS Statistic for Windows (version 21.0) (IBM. Chicago, Illinois). ). Vitamin E 

intake as a-tocopherol (mg/day) 
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     Results 2. Derived from the original article 

"TNFA gene variants related to the 

inflammatory status and its association with 

cellular aging: From the CORDIOPREV study"  
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2.1.  Characteristics of the study participants classified according the TNFA 

SNPs genotype  

 

The demographic, anthropometric and biochemical characteristics according to the 

TNFA SNPs in each genotype (rs1800629 and rs1799964) are presented in Table 8. The 

genotype distributions did not deviate from the Hardy-Weinberg expectations. We compared 

the allelic frequencies observed for both TNFA SNPs with the 1000genomes database.  

The minor allele frequency for the SNP rs1800629 was A = 0.106 (1000genomes: A = 

0.144) and for the SNP rs1799964 was C = 0.271 (1000genomes: C = 0.177).  

The genotypic frequencies observed for rs1800629 were A/A = 1.9%; A/G = 17.3%; 

GG = 80% and for rs1799964 were C/C = 8.4%; C/T = 37.7%; T/T = 54.3%.  

The linkage disequilibrium analysis showed that the SNPs rs1800629 and rs1799964 

were not in linkage disequilibrium: D′ = 0.958 and r2 = 0.041. Since our analyses did not 

support a recessive mode of action for these SNPs and given the low frequencies of the 

genotypes AA in rs18006929 and CC in rs1799964, we conducted our subsequent analyses 

using a dominant model.  

Among all the variables investigated, we only found statistically significant 

differences for TG and hs-CRP plasma concentrations. GG subjects for the SNP rs1800629 

had higher values than A carriers (p = 0.005 and p = 0.028, respectively). Conversely, for the 

SNP rs1799964, carriers of the C allele had higher TG and hs-CRP concentrations than TT 

subjects (p = 0.04 and p = 0.012, respectively).  
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Table 8. Characteristics of patients according the genotype for the TNFA 

polymorphisms rs1800629 and rs1799964. 

 

 
rs1800629     rs1799964   

  AA+AG GG 
  

CC+CT TT 
 

N 165 675 p-Value 
 

395 445 p-Value 

Age (years) 59.7 ± 0.6 59.6 ± 0.3 0.828 
 

59.7 ± 0.4 59.6 ± 0.4 0.928 

Weight (Kg) 84.1 ± 1.1 85.4 ± 0.5 0.313 
 

85.2 ± 0.7 85.3 ± 0.6 0.897 

Waist 

circumference 

(cm) 

105.3 ± 0.8 105.0 ± 0.4 0.756 
 

105.3 ± 05 105.1 ± 0.5 0.875 

BMI (kg/m2) 31.0 ± 0.3 31.1 ± 0.1 0.638 
 

31.2 ± 0.2 31.1 ± 0.2 0.783 

HDL-C (mg/dL) 43.1 ± 0.8 41.7 ± 0.3 0.114 
 

41.8 ± 0.4 42.5 ± 0.4 0.327 

TG (mg/dL) 121.7 ± 5.2 140.1 ± 2.9 0.005* 
 

143.0 ± 3.9 132.7 ± 3.1 0.041* 

Glucose (mg/dL) 117.3 ± 3.3 114.0 ± 1.4 0.339 
 

114.8 ± 1.9 113.4 ± 1.6 0.594 

Total cholesterol 

(mg/dL) 
155.4 ± 2.6 159.4 ± 1.2 0.142 

 
152.9 ± 1.6 150.5 ± 1.4 0.269 

LDL-C (mg/dL) 86.8 ± 2.0 88.8 ± 1.0 0.381 
 

86.2 ± 1.3 83.5 ± 1.0 0.114 

hs-CRP (mg/dL) 2.4 ± 0.1 3.2 ± 0.1 0.028* 
 

3.4 ± 0.2 2.7 ± 0.1 0.012* 

 

Values expressed as mean ± SEM.  BMI, Body mass index; HDL-C, high density lipoprotein; 

LDL-C, low density lipoprotein; TG, triglycerides; hs-CRP, high sensitivity C-reactive 

protein. * p < 0.05.  Variables were calculated using ONE-WAY ANOVA analysis. 
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2.2. Relationship between TNFA gene variants and telomere length  

 

Our analyses revealed that GG subjects for the SNP rs1800629 had lower LTL than A 

carriers (p = 0.036) (Figure 11).  

 

 

 

 

 

Figure 11. Relationship between the SNP rs1800629, telomere length Data are 

represented as the mean ± SEM and correspond to a OneWay ANOVA analysis with n = 840, 

* p < 0.05. 

 

We did not observe significant differences between the SNP rs1799964 and LTL (data 

not shown). Therefore, we focused subsequent analyses on the SNP rs1800629.  
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2.3. Relationship between the SNP rs1800629 and inflammation-related 

parameters  

 

Subjects with the GG genotype had higher hs-CRP levels than subjects carrying the A 

allele (p = 0.028) (Figure 12). 

 

 

 

 

Figure 12. Relationship between the SNP rs1800629, and hs-C-Reactive protein 

levels. Data are represented as the mean ± SEM and correspond to a OneWay ANOVA analysis with 

n = 840, * p < 0.05. 

 

Moreover, we explored the expression levels of TNFA and its activator gene IKKβ in 

PBMC and found that GG subjects showed higher gene expression levels of TNFA compared 

with A-allele carriers (Figure 13) (p = 0.009). A non-significant finding in the same direction 

was observed for IKKβ gene expression levels (p = 0.15).  
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2.4. Relative expression of pro-oxidant genes and their relationship with the 

SNP rs1800629  

 

ROS synthesis is regulated by NADPH-oxidase and its subunits are encoded by the 

p40phox, p47phox, gp91phox, p22phox genes, among others. Therefore we analysed the 

expression levels of these genes in PBMC.  

Our data reveal that the expression of p47phox, and gp91phox subunits was higher in 

GG subjects compared with A carriers (p = 0.02 and p = 0.04, respectively) (Figure 13) 

No significant differences in the expression levels of the p40phox and p22phox 

subunits gene were observed.  
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Figure 13. Relative expression of TNFA and NADPH-oxidase sub unit genes 

according to rs1800629 SNP. Data are represented as the mean ± SEM and correspond to a 

OneWay ANOVA  analysis with n = 90, * p < 0.05.  
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2.5. Expression of the NADPH-oxidase subunits genes and telomere length. 

 

Finally, we explored the correlation level between expression of the NADPH-oxidase 

subunits genes and telomere length. After lineal regression analysis, a negative correlation 

between p47phox gene expression and LTL (r2 = −0.372; p = 0.001) was observed (Figure 

14) On the other hand, we only observed a trend between p40phox gene expression and LTL 

(r2 = −0.196; p = 0.060).  

 

Figure 14. Correlation analysis between NADPH-Oxidase sub unit gene expression 

levels and telomere length.  Correlation analysis was performed using lineal regression 

model adjusted for age and gender. p<0.05 was considered to be significant. 
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2.6. Analysis of gender effect on the biomarker tested 

Although the low number of women in our population may affect the statistical power 

of this analysis, specifically for the SNP rs1800629, we observed a higher LTL in the group 

of AA + AG males compared with the GG genotype (p = 0.014) (Figure 15 A)  

No significant differences were observed in the group of women. Moreover, GG 

females showed a higher TNFA gene expression com- pared with AA + AG carriers (p = 

0.04) (Figure 15 B)  

No other significant differences were observed in connection with the gender analysis. 

  



  

96 

 
 

 

 

Figure 15. Relationship between the genetic variants of the SNP 1800629 and telomere 

length (A) and TNFA gene expression (B) according to gender. Data are represented as the 

mean ± SEM and correspond to a OneWay ANOVA analysis selecting cases of males and 

females independently. *p<0.05.  
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Results 3. Derived from the poster presented to 

International congress of Dietetics "Dietary fat 

intake is associated with cellular senescence in 

an elderly population with cardiovascular 

disease: CORDIOPREV study".  
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3.1. Dietary fat intake in CORDIOPREV study  

 We investigated the quality and the quantity of dietary fat intake in relationship to 

telomeres length in the population of CORDIOPREV study. The total amount of fat intake in 

CORDIOPREV study population was (37 ± 0.3 %), while the amount of different type of fat 

was: MUFA (18.1 ± 0.2 %), PUFA (6.3 ± 0.1 %), SFA (8.9 ± 0.1 %). We did not find any 

association between the fat consumption and the telomere length. We repeated the analysis in 

2 subgroups of patients accordingly to their age; younger subjects (below 65 years old) and 

elderly subjects). We did not observed any relationship between the telomere length and the 

quantity or quality of dietary fat intake in the subgroup of patients below 65 years old.  

 

3.2. Characteristics of the elderly participants included in CORDIOPREV 

study  

 

Baseline characteristics of the 310 patients over 65 years old enrolled in the 

CORDIOPREV study are presented in Table 9. Furthermore, we investigated the proportion 

of subjects by gender, abdominal obesity and BMI. Most of the subject are man (78%), have 

abdominal obesity (74%) and were obese (58%) or overweight (36%) (Figure 16) 
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Table 9. Baseline characteristics of the elderly population of CORDIOPREV study.  

 Mean 

LTL 1.3 ± 0.9 

Age (years) 68.9 ± 3.3 

BMI (kg/m2) 30.9 ± 4.2 

WC (cm) 105.9 ± 11.1 

SBP (mmHg) 145.7 ± 21.0 

DBP (mmHg) 74.6 ± 10.6 

Total-C (mg/dl) 156.1 ± 28.7 

LDL-C (mg/dl) 87.0 ± 23.9 

HDL-C (mg/dl) 42.9 ± 9.7 

TG (mg/dl) 118.9 ± 47.7 

Glucose (mg/dl) 117.9 ± 33.8 

 

Data are given as mean ± standard deviation. Abbreviations: BMI, body mass index; WC, 

Waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure, Total-C, 

Total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 

lipoprotein cholesterol; TG, triglycerides.  

 

Figure 16. Proportion of subjects classified by gender, abdominal obesity and BMI. 

Abdominal obesity was confider if waist circumference > 102 cm for man, and > 88 cm for 

women. 
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3.3. Energy and fat intake of the elderly population included in 

CORDIOPREV study  

The mean intake of energy as well as the percentage of total fat, PUFA, MUFA and 

SFA are presented in table in Table 17.  

Table 17. Energy and fat intake 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Telomere length by total fat intake  

No relationship was observed between the telomere length and the tertile of total fat 

intake, therefore we observed that the quantity of fat intake was not related to biological aging 

measured by LTL. The mean leukocyte telomere length by tertiles of total fat intake is 

presented in Figure 17.  

 Mean 

Total energy (kcal) 2157.7 

Total fat (%) 36.8 

Polyunsaturated fatty acids  (%) 6.2 

Monounsaturated fatty acids   (%) 18.2 

Saturated fatty acids   (%) 8.9 
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Figure 17. Leukocyte telomere length by tertiles of total fat intake.  

 

3.5. Telomere length by tertiles of intake of different type of fatty acids  

No relationship was observed between the telomere length and the tertiles of PUFA 

(Figure 18), neither between the LTL and the tertiles of MUFA (Figure 19). By contrast we 

observed longer LTL in those elderly subjects with a lower intake of SFA, tertile 1 (below 8.1 

%) than those belonging to the second tertile (p=0.032), as well as the third tertile (p=0.042) 

(Figure 20). We observed that the quality of fat intake was indeed related to biological aging 

measured by LTL.  
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Figure 18. Leukocyte telomere length by tertiles of percentage of polyunsaturated fatty 

acids intake.  

 

 

 

Figure 19. Leukocyte telomere length by tertiles of percentage of monounsaturated fatty 

acids intake.  
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Figure 20. Leukocyte telomere length by tertiles of percentage of saturated fatty acids 

intake.  

 

3.6. Telomere length by red and processed meat intake. 

We divided the subjects in those who obtained 0 or 1 point when answering to the 5th 

question from the Adherence to Mediterranean Diet Questionnaire (How many servings of red 

meat, hamburger, or processed meat products (ham, sausage, etc.) do you consume per day? 

In our subgroup of elderly subjects, 110 (35.5%) of them obtained 0, meaning that they 

consume more than one serving of 100-150 g of red or processed meat per day those subjects 
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Figure 21. Leukocyte telomere length by red and processed meat consumption 
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VII. DISCUSSION  
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1. Discussion of the original article "Low intake of vitamin E accelerates 

cellular aging in patients with established cardiovascular disease: The 

CORDIOPREV study" 

 

 It is well known that a balanced diet can offer all the nutrients the human body needs 

to function correctly. Progress remains to be made in the understanding of the underlying 

mechanisms behind the nutrients intake and the impact on health. 

In this study we found a significant relationship between LTL and current 

recommendations for vitamin E intake. Those patients consuming below the 

recommendations had lower LTL than patients consuming adequate amounts of vitamin E. In 

our population, the major source of vitamin E is olive oil, followed by vegetables and fish. 

We also observed a positive correlation between olive oil, fish intake and LTL. Therefore, 

those patients consuming more than 30 mL olive oil/day had longer LTL than those 

consuming a lower amount of olive oil. Furthermore, we observed higher GPx activity levels 

in those subjects consuming less vitamin E than recommended.  

Cellular aging results in abnormal biological function of the cell. Therefore, a better 

understanding of the molecular mechanisms of aging will contribute to a better understanding 

of disease development and progression. This cellular dysfunction is mediated by molecular 

mechanisms such as oxidative stress that triggers telomere shortening [209]. Short telomeres 

have been associated with DNA instability in the chromosome and have been related to 

disease development. Inpatients with established diseases like CVD, LTL is a biomarker of 

cellular aging and has been associated with increased risk of morbidity and mortality [210]. 

Therefore, the identification of new strategies to prevent cellular aging is crucial to reduce 

age-associated diseases [79]. 
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Telomeres, situated at the end of chromosomes, are DNA-protein complex which 

maintain the structural stability of genome [211].  During each cell division the telomeric 

sequence loss base pairs leading to replicative cell senescence.  The telomere attrition could 

be accelerated as a consequence of the increased exposure to reactive oxygen species (ROS) 

and inflammatory molecules [79]. The research by Weischer et al. [212], in about 20.000 

participants, showed that subjects with telomeres in the shortest category had 25% greater risk 

of early death compared to those with longer telomeres. Furthermore, Njajouet al. [86] also 

showed that telomere length was predictive of years of healthy life.  

On the other hand, previous studies demonstrated that aging might be modulated by 

changing lifestyle behaviours [213] and the rate of telomere attrition could be decelerated by 

the presence of anti-oxidant factors [214].  In fact, increased intake of antioxidant-rich foods 

and specific antioxidant nutrients (α-lipoic acid, astaxanthin, trans-resveratrol, N-

acetylcysteine, methylsulfonylmethane, lutein, vitamin C, vitamin D, γ-tocotrienol and 

vitamin E) may decrease cellular and systemic oxidative stress by the ROS reduction to less 

toxic molecules [215]. 

Vitamin E is a fat-soluble vitamin. Under the overall term of vitamin E there are four 

tocopherols (α, β, γ, δ) and four tocotrienols (α, β, γ, δ), that are organic compounds with 

different degrees of antioxidant activity [216]. Our results indicate that, in patients with CVD, 

higher consumption of antioxidants such as vitamin E could have a protective effect on LTL. 

Furthermore, we observed higher LTL in those who have adequate vitamin E intake according 

to different official recommendations (Spanish, EFSA and FNB), supporting that a diet rich in 

antioxidants, such as vitamin E, reduces ROS levels, leading to decreased telomere 

shortening, decelerating the cellular senescence and potentially decreasing the risk of disease 

development.  
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Vitamin E consumption has been widely investigated and debated in the last 20 years, 

especially in prevention and treatment of patients with CVD. This association was made 

mainly due to the potential antioxidant effect of this vitamin. At a high dose, taking it as a 

supplement, vitamin E might not have the same beneficial effect as taking it from food 

sources, and a high dose-dependent relationship was demonstrated between vitamin E 

supplementation and all-cause mortality [217].  

A recent study showed that an elevated percentage (80%) of the Spanish population 

does not meet the EFSA recommended intake for vitamin E [218]. A systematic review that 

included a total of 249,637 participants showed that applying an RDA of 15 mg/day α-

Tocopherol, 82% of the subjects were below the recommendation [219]. Furthermore, another 

review reported that in the UK and the US more than 75% of the population does not meet the 

recommended daily intake of vitamin E [220]. In our population of CVD patients, the 

prevalence of inadequate intake of vitamin E was much lower. Only 33.4% of the subjects 

were below RDA and 13.5 % below the Spanish recommendation for vitamin E intake. This 

might be due to the characteristics of our population: CVD patients are more concerned about 

their diet, and since our patients are living in Andalucía, Spain, their intake of vitamin E rich 

foods (like olive oil, vegetables or fish) is higher than in other parts of the world.  

There are insufficient long-term intervention studies with vitamin E supplementation 

on telomere length. One study investigated the administration of vitamin E in Alzheimer's 

disease patients and showed no significant effect on telomere length after 6 months [221]. 

However, patients included in this study received 400 mg/day of vitamin E, which might be 

an excessively high amount. Our results are in concordance with a previous study in 586 

participants from the Sister Study that reported a positive association with dietary and 

supplemental α-Tocopherol intake and LTL [222].  



  

109 

A recent review showed that greater adherence to a MedDiet pattern has benefits on 

telomere length [154]. Olive oil consumption is an essential feature of the MedDiet, as it is 

the principal source of fat [223].  Moreover, a recent study in the Spanish population found 

that the primary sources of vitamin E are oils and fats [218]. An EFSA Panel determined that 

efficient α-Tocopherol absorption requires the presence of fat, and the usual diet results in 

about 75 % absorption [224]. This is in agreement with our results, which suggest that greater 

adherence to dietary models such as the MedDiet, rich in vitamin E sources, protects against 

LTL shortening probably by reducing the oxidative stress. This hypothesis was supported by 

our results, as we observed that the plasma activity of the enzyme GPx is higher in those 

subjects with an inadequate vitamin E intake. This is probably due to the defence mechanism 

against oxidative stress. We did not find any difference in other parameters related to 

oxidative stress and vitamin E intake.  

Certain limitations of the current study must be mentioned. The CORDIOPREV 

participants are in secondary prevention, so our findings might not be generalized to the 

general population. Although we accounted for several factors, such as age, sex, smoking, 

BMI and total caloric intake, it is possible that the inclusion of these covariates did not wholly 

account for factors that may confound the association between vitamin E and LTL.  

In conclusion, our findings suggest the importance of adequate dietary consumption of 

vitamin E, with antioxidant capacity, as a modulating tool of the senescence process, 

especially in LTL maintenance. 
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2. Discussion of the original article "TNFA gene variants related to the 

inflammatory status and its association with cellular aging: From the 

CORDIOPREV study" 

 

In our research group gene-environment interactions is a very important area of 

investigation. We identified different polymorphisms can interact with the diet composition, 

modulating health parameters [68, 225-228]. The understanding of new genetic factors could 

lead to a better knowledge of the pathogenesis of diseases, as well as to a better approach in 

the near future for the development of individualised treatment and personalized medicine. 

In this context, the results of the present study show that carriers of the GG genotype 

for the SNP rs1800629 at the TNFA gen have lower LTL and higher hs-CRP plasma levels 

than A allele carriers. Moreover, an association between telomere length and inflammation 

was also observed based on the increased expression levels of TNFA and IKKβ genes in GG 

subjects. These results support the implication of inflammation-related genes in the rate of 

cellular aging.  

Inflammation plays an important role in the pathogenesis of atherosclerosis and CVD 

[229]. Some of the loci associated with CVD risk correspond to genes involved in the 

modulation of pro and anti-inflammatory cytokines, which have been implicated in cellular 

aging and thus longevity [230]. In this regard, the SNP rs1800629 at TNFA position −308G/A  

[70, 230] has been the subject of considerable research. This SNP has been associ- ated with 

inflammatory markers and CVD development [231-233]. Phillips et al. showed that patients 

carrying the GG genotype had increased risk of metabolic syndrome (MetS) compared with 

carriers of the minor A allele [234]. Previous studies from our group have shown that 

following 12 months of intervention with a Mediterranean diet, patients with MetS and 
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carriers of the GG genotype experienced significant decreases of plasma TG and hs-CRP 

levels compared with A carriers [235].  

Previous studies have also demonstrated the association between inflammation-related 

SNPs and aging. In this context, an interesting study carried out in a centenarian population 

from Italy showed that the genetic frequencies of IL10 (− 1082G/G) and TNFA (− 308A/G) 

SNPs were influenced by gender [230, 236, 237]. In our study, at the TNFA (−308A/G), AA 

+ AG, males showed a higher LTL compared with GG carriers, and GG females showed 

higher TNFA gene expression than AG + AA carriers. Obviously, we need to be cautious 

before extrapolating our conclusions to other populations, because our study was not designed 

for this specific purpose and an imbalance between females and males exists (17% vs 83%, 

respectively). Further studies are needed, with a greater number of women participants, to 

clarify the influence of gender. Furthermore, significant differences have been observed in the 

Italian population, where the TNFA rs1800629 A allele was less prevalent in centenarian 

males than in females [230, 236, 237]. Our results are in contrast with these observations. 

First of all, these two populations differ, especially in average age and health status, because 

all of our patients were previously diagnosed with cardiovascular disease. On the other hand, 

this observation could be explained by the influence of migratory North African populations 

on the south of Spain [238, 239]. In our study group, 98.9% of the subjects were born in 

southern Spain. It is possible that this influence did not extend to the people of northern and 

central Italy, thus generating the genetic differences observed. However, further comparative 

studies between the two populations are needed to clarify this point.  

Overall, previous findings, as well as those obtained in the current study, indicate that 

GG subjects may have a predisposition to increased levels of pro-inflammatory molecules. 

This might be influenced by increases in other regulatory molecules, such as transcription 

factor NF- kβ, which is one of these transcriptional signatures of aging [9], which regulates 



  

112 

numerous genes involved in inflammation and oxidative stress. This is the case of the 

phagocytic NADPH-oxidase, which is induced by NF-kβ [240]. Inflammatory cytokines 

activate vascular production of ROS, specifically superoxide anion (O−
2 ), primarily through 

activation of NADPH-oxidase [241]. As mentioned previously, NADPH-oxidase enzyme are 

specifically responsible for the production of ROS and use NADPH to produce super- oxide, 

which is used in immune response and cell signalling [242]. However, elevated ROS levels 

and several reactive species that contain oxygen such as O−
2 , hydroxyl radical (OH−), 

peroxynitrite (ONOO−), are highly reactive and can disrupt the structure of DNA. Our results 

support this concept, since GG carriers with short LTL showed higher expression levels of 

p47phox and gp91phox genes, which codes for the NADPH oxidase subunits. Moreover, we 

observed a negative correlation between the LTL and the expression of the p40phox and 

p47phox genes. This effect may be related to the fact that among all the DNA bases, guanine 

bases are highly sensitive to damage by oxygen species, alkylation [243] or ultraviolet 

irradiation (UV) [244]. Moreover, these factors can also induce double-strand breaks in 

telomeres at high frequency [244, 245]. A range of studies supports the hypothesis that 

telomere shortening depends on oxidative stress. Thus, for instance, in different cellular lines 

of fibroblasts (HEF-WI-38, HEF-MRC5-5, HFF-BJ) and different conditions, which induce 

oxidative stress (hyperoxia or hydroperoxide stress), there was an increase in the rate of 

telomere shortening [62, 246-248]. In our study, the pro-inflammatory status associated with 

the SNP rs1800629 could favour an increase in the synthesis of ROS leading to DNA damage 

[93], a process which is directly associated with cellular aging [249, 250].  

In summary, subjects carrying the GG genotype for the SNP rs1800629 at the TNFA 

gene show a greater activation of the proinflammatory status than A-allele carriers, which is 

related with ROS formation. These ROS could induce DNA damage, especially in the 
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telomeric sequence, decreasing telomere length and inducing cellular aging. This effect may 

also increase the risk of the development of age-related diseases.  
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3. Discussion of the results derived from the poster presented to 

International congress of Dietetics "Dietary fat intake is associated with 

cellular senescence in an elderly population with cardiovascular disease: 

CORDIOPREV study" 

 

The associations between dietary fatty intakes and biological aging have been 

investigated in few studies, and the results are contradictory  

Our results show that one of the most studied markers of biological aging, telomere 

length is associated rather with the quality than the quantity of dietary fat, as shorter telomeres 

can be observed in in elderly subjects with CVD having an intake of SFA above 8 % from the 

total energy intake. Accordingly, we observed shorter telomere length in those subjects 

consuming more that 1 serving of red or processed meat a day.   

Shorter TL was previously associated with higher SFA intake. [181]. There is a 

consistency between our findings and those published by Cassidy et al, in the aspect that high 

SFA intake is associated to shorter TL [182]. Similar to our findings, total intake of SFA 

intake was inversely associated with TL in 1942 subjects aged 57-70 years from the Helsinki 

Birth Cohort Study [251]. In contrast, our results did not show significant associations 

between PUFA and LTL while they described that PUFA dietary intake have been associated 

with TL, in 2284 female participants from the Nurses' Health Study [182], although in young 

adults this affirmation was not confirmed [252]. 

High processed meat intake might increase the risk of developing chronic diseases like 

various cancers, T2D and CVD [253]. Evidences from a recent meta-analysis proved that high 

intake of red and specially processed meat increases the risk for major non-communicable 
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diseases (T2DM, CVD, cancer) but also the risk for all-cause mortality [254] Moreover, In a 

meta-analysis including 50.345 subjects, the consumption of meat was correlated with higher 

fasting glucose and insulin concentrations [164].  Furthermore, in the study of Nettleton et al. 

found out that among all food items assessed by an FFQ, only processed meat, which is a 

major source of SFAs, was associated with TL [251]. Our analysis reaches a similar 

conclusion as another study developed in middle-aged and older adults found that diet affect 

the degree of biological aging, in the analysis of particular food items, lower consumption of 

red meat or processed meat was associated to longer telomeres [168].  

Our results are in line with what has been already described, In Strong Heart Family 

Study, which included 2.486 American Indians, the consumption of processed meat, but not 

unprocessed red meat, was associated with shorter TL [166]. Furthermore, in another cross-

sectional study realized in 300 healthy individuals, TL was inversely associated with 

processed meat consumption, while no association was observed between TL and total meat 

intake [167].  

As a possible explanation of the underlying mechanism, in our research group it was 

previously demonstrated that, when comparing SFA diet and with MedDiet, MedDiet induces 

lower intracellular ROS production, cellular apoptosis, and percentage of cells with telomere 

shortening in human umbilical endothelial cells [148]. As another effect on health, we 

demonstrated an improvement in the endothelial function measured by flow-mediated 

vasodilatation (FMD) after 1.5 years of intervention with a MedDiet in patients with 

prediabetes and T2DM [255]. 

In the literature there are other studies demonstrating the relationship between plasma 

levels of vitamins, trans fatty acids with peripheral artery disease (PAD) [256]. It is important, 

to identify the plasma levels of micronutrients in order to confirm our results. 
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Quality of dietary fat might have further implication, as after a meal rich in SAFs, in 

or group we described postprandial increase in lipopolysaccharides levels [257], on this way 

metabolic pathways associated to aging are being activated.  
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4. General discussion  

 Aging population is continuously growing. Therefore, finding more effective 

strategies for delaying or reversing aging process and also for reducing the CVD risk will 

continue to be an important area of research. Thanks to experimental and translational 

investigations as well as to intervention studies in humans, diet can now be considered as a 

powerful tool in the fight against aging and CVD. 

On the other hand, aging is associated with cellular senescence, which is characterized 

by the irreversible cell cycle arrest and by dramatic changes in the cell morphology and 

functionality. These changes also affect telomeres, which are repetitive sequences of 

nucleotides at the end of eukaryotic chromosomes [258] that shorten in each cycle of cell 

division due to the end replication problem [259]. Once telomeres reach a critical length, 

chromosomal instability and DNA damage lead to cell-senescence. In consequence, telomere 

length is considered a key biomarker of cellular senescence [260]. It was previously 

demonstrated that short telomere length is an independently predictor of mortality in patients 

with coronary heart disease, while an increase in leukocyte telomere length is associated with 

decreased mortality [88]. Therefore, the measurement of telomere could be a valuable 

predictor in the study of CVD.  

The relationship between nutrition, genetic and accelerated aging are research topics 

of utmost interest. Biomarkers like telomere length, oxidative stress parameters or 

inflammation are helpful to examine the aging process. First, they allow identifying 

individuals at high risk of premature aging. Second, they can shorten the period of time 

needed to observe the efficacy of specific strategies, overcoming the slow nature of human 

aging.  
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Dietary patterns like MedDiet, DASH, new Nordic, and vegetarian diets are effective 

treatment adjuvant for the prevention and treatment of MetS, and it have important health 

consequences, as it can act on the improvement of cardiometabolic diseases [100]. MedDiet, 

can offer optimal nutrition and can have major implication in the reduction inflammation and 

oxidative stress, as well as may positively influence telomere attrition. MedDiet act trough to 

thousands of nutrients and phytochemicals as individual components as well as by the 

combination between them and provide one of the best solution in the fight against aging 

[146]. In contrast, an imbalanced between the organism requirements and the food intake has 

negative impact on health. Inadequate food intake, with high proinflamatory index is 

associated with increased all-cause mortality in two large cohorts: SUN and PREDIMED 

studies [163]. 

It is important to highlight that our results highlight the association of dietary intake of 

micronutrients, directly from food sources not as supplements, similar as previously described 

in association with a reduction in all cause mortality [261]. On the other hand, dietary intakes, 

as well as plasma levels of certain micronutrients, like vitamin C, carotenoids, and vitamin E  

(a-tocopherol) were correlated with reduced risk of CVD, cancer, and all-cause mortality 

[261].  

We are not the same, and it is crucial to identify those subgroups of population to 

whom general recommendations cannot be successfully applied and to establish more specific 

ones. Nowadays, medicine and technology is evolving franticly. In this context, in the last 

decade, personalized medicine has allowed a great advance fundamentally thanks to the better 

knowledge of the human genome, as well as to the wide range of technical possibilities that 

we have today. The application of genomics, epigenetics, transcriptomics, proteomics, 

metabolomics, bioinformatics have allowed the development of personalized medicine. In 

addition, it has allowed us to deepen our knowledge, to a better understanding of diseases and, 
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therefore, to treat our patients in a more appropriate way. We hope that our findings, that 

TNFA gene variant are related to inflammatory status and with cellular aging, will be used in 

the near future for a personalized treatment of our patients.  

We demonstrated that saturated fat as well as and red and processed meat intake has 

unfavourable effects on the telomere length and furthermore, we identified healthier 

alternatives as the intake of vitamin E from food sources and olive oil or fish intake that could 

have a protective effect on cellular aging.  

 

Future research directions  

 

This doctoral thesis comprises only few results, but other information obtained during 

the period of this doctoral thesis trough basic and clinic research are now under analysis, and 

are the subject of other original article, and most probably will be published in the future. 

First of all, it is worth to mention that the LTL of CORDIOPREV subjects were 

analysed from DNA extracted from blood samples obtained at 2 time points: at baseline (the 

beginning of the study) and after 4 years of dietary intervention. We are currently analysis of 

the effect of long-term dietary intervention with 2 healthy diet: MedDiet and low-fat diet on 

cellular aging.  

In the future we plan to determine the plasma concentration of vitamins and fatty 

acids. It is important to confirm the results obtained from the FFQ and other dietary tools with 

the plasma levels of these nutrients.  
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For instance, gut microbiota is now considered a "new protagonist" in the risk of 

cardiovascular disease [262]. How cellular aging is related to gut microbiota in the context of 

CVD is now under analysis.  

Identifying key genetic components that may predict cellular senescence and adopting 

healthy dietary patterns remain powerful tools that may contribute to the delay of aging, 

decrease age-associated co-morbidities and mortality, increase life expectancy and, 

consequently, prevent the development of CVD. Such a strategy represents a cost-effective 

approach by which the subjects’ quality of life may be significantly improved.  

 

 The results obtained from this doctoral theses are part of a tool used in developing a 

technology platform, named "NUTRICLOCK", that assesses the degree of aging and 

recommends a personalized treatment regimen based on clinical, biological and genetic 

profiling of the patient. The patent NUTRICLOCK is an application that uses results obtained 

from this doctoral thesis but also more complex results, and it is developed in the 

collaboration with other colleagues, health care professionals and specialists in software 

development. The patent is propriety of Servicio Andaluz de Salud, University of Córdoba 

and CIBEROBN, under the registration number RPI201799901594741. 
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VIII. CONCLUSIONS  
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Main conclusion 

 

Our study showed the importance of adequate dietary consumption of vitamin E as a 

modulating tool of the senescence process. Those subjects consuming less than the 

recommended vitamin E intake have shorter telomeres, as well as higher GPx activity. 

Furthermore, we observed a positive correlation between main sources of vitamin E, like olive 

oil and fish and the leukocyte telomere length. We did not find any other correlation between 

the other micronutrients investigated and the biological aging.  

 

Secondary conclusions 

 

1. Our results show that telomere length is associated rather with the quality than the 

quantity of dietary fat in elderly subjects with CVD; shorter telomeres can be observed in 

those with a higher intake of saturated fat, like such as those that favour red and processed 

meat consumption. We did not find any association between the fat consumption and the 

telomere length in the subgroup of subjects below 65 years old.  

 

2. Our findings suggest that subjects carrying the GG genotype for the SNP rs1800629 

at the TNFA gene show a greater activation of the proinflammatory status than A-allele 

carriers, which is related with ROS formation. These ROS could induce DNA damage, 

especially in the telomeric sequence, decreasing telomere length and inducing cellular aging. 

We did not observe significant differences between the SNP rs1799964 and the telomere 

length. 
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IX. ABBREVIATIONS  
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The most used abbreviations throughout the text are outlined below: 

ADF, alternate day fasting  

AGEs, advance glycation end-products  

AHA, American Heart Association 

AI, Adequate Intake 

AMPK, Adenosine Monophosphate-activated Protein Kinase  

ApoB, Apolipoprotein B 

BMI, body mass index 

CHD, coronary hearth disease 

CR, caloric restriction  

CVD cardiovascular disease 

DASH, Dietary Approaches to Stop Hypertension  

DBP, Diastolic blood pressure 

DRV, Dietary Reference Values  

EFSA, European Food and Safety Authority  

EVOO, extra virgin olive oil   

FFQ, food frequency questionnaire  

FMD, flow-mediated vasodilatation  

HDL(-C), hight density lipoprotein -cholesterol 

HFpEF, heart failure with a preserved ejection fraction  

hsCRP, high-sensitivity C-reactive protein  

HURS, Reina Sofia University Hospital  

IF, Intermittent fasting  

IL-6, interleukin-6  

IL1B, Interleukin 1 beta 
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IMIBIC, Instituto Maimonides de Investigacion Biomedica de Cordoba 

IR, insulin resistance 

LDL(-C), low density lipoprotein (-cholesterol) 

MCP1, Monocyte Chemoattractant Protein-1  

MedDiet, mediterranean diet 

MetS, metabolic syndrome   

MUFA, monounsaturated fatty acids  

NHANES, National Health and Nutrition Examination Survey  

NO, nitric oxide  

PRI, Population Reference Intake 

PUFA, polyunsaturated fatty acids  

qPCR, Quantitative Polymerase Chain Reaction 

RDA 

ROS, reactive oxygen species 

RTL, relative telomere length  

SBP, systolic blood pressure 

SCFA(s), Short Chain Fatty Acid(s) 

SFA, saturated fatty acids  

SNPs single nucleotide polymorphism  

SNPs, single nucleotide polymorphisms 

T2DM, type 2 diabetes mellitus  

TC, total cholesterol 

TG, Triglycerides 

TL, telomere length  

TNFA tumor necrosis factor alpha  
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TRF, time-restricted feeding  

VLDL, Very Low Density Lipoprotein 

VOO, virgin olive oil 

WC, Waist Circumference 

WHO, World Health Organization 
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A total of 310 patients from the CORDIOPREV (CORdoba 
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PREVention) clinical trial (NCT00924937), 65 year or older, 

where included in our study. Information about dietary 

habits was obtained using a validated 146-items food 

frequency questionnaire. A validated 14-item questionnaire 

was used to appraise baseline adherence of participants to 

the Mediterranean Diet. DNA was isolated from peripheral 

blood samples using ”Salting Out” method. Relative 

telomeres length (RTL) was measured by real time PCR, 

following the method proposed by Cowton et all.  

In our population, of elderly patients with an agining-associated disease such as cardiovascular disease, there is no 

relationship between age and telomere length. Subjects with saturated fat intake <8.09% kcal of total intake showed 

longer telomere length compared to patients belonging to the other two groups of saturated fatty acids intake. In our 

population, the intake of red  or processed meat more than once a day is associated with  shorter telomere length. 
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These findings suggest that diet is an important modulator of cellular senescence and it is involved in aging process 

quality in elderly cardiovascyular disease patients. Our results indicate that telomere length is associated with the quality 

of dietary fat. Thus, a higher intake of saturated fat is associated with shorter telomere length, wich can be observed also 

trough the red and processed met consumption.  
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Table1. Baseline characteristics of study population 

Data are given as mean ± standard deviation. 
Abbreviations: SBP, systolic blood pressure; DBP, 

diastolic blood pressure; LDL-C low-density lipoprotein 

cholesterol; HDL-C, high-density lipoprotein cholesterol . 

Age	 68.9	±	3.3	

Body	mass	index	 30.9	±	4.2	

Waist	circumference	 105.9	±	11.1	

SBP	 145.7	±	21.0	

DBP	 74.6	±	10.6	

Total	cholesterol	 156.1	±	28.7	

LDL-C	 87.0	±	23.9	

HDL-C	 42.9	±	9.7	

Tryglicerides	 118.9	±	47.7	
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