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Abstract

Cardiovascular disease (CVD) remains the leading cause of morbility and mortality worldwide. The identification of common
cardiovascular risk factors has led to the development of effective treatments that enabled a significant reduction of the global
cardiovascular disease burden. However, a significant proportion of cardiovascular risk remains unexplained by these risk factors
leaving many individuals at risk of cardiovascular events despite good control of the risk factors. Recent randomized clinical
trials and Mendelian randomization studies have suggested that inflammation explains a significant proportion of the residual
cardiovascular risk in subjects with good control of risk factors. An accelerated process of vascular ageing is increasingly rec-
ognized as a potential mechanism by which inflammation might increase the risk of CVD. In turn, cellular ageing represents an
important source of inflammation within the vascular wall, potentially creating a vicious cycle that might promote progression
of atherosclerosis, independently from the individual cardiovascular risk factor burden. In this review, we summarise current
evidence suggesting a role for biological ageing in CVD and how inflammation might act as a key mediator of this association.
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1 Introduction

Acute inflammatory responses evoked by tissue and cellular
damage exert beneficial effects as they promote tissue repair
and help to prevent colonization of the damaged tissues by
opportunistic pathogens. Thus, a limited temporal evolution

This article is part of the topical collection on Vascular Aging and
Arterial Stiffness.

< Stefano Masi
stefano.masi@unipi.it

Department of Clinical and Experimental Medicine,
Universita di Pisa, Santa Chiara Hospital, Via Roma, 67,
56126 Pisa, Italy

First Department of Cardiology, Hippokration Hospital,
University of Athens, Athens, Greece

Fourth Unit of Internal Medicine, University Hospital
of Pisa, Pisa, Italy

The National Centre for Cardiovascular Preventions
and Outcomes, Institute of Cardiovascular Science,
University College London, London, UK

Department of Twin Research and Genetic Epidemiology,
King’s College London, London, UK

of the inflammatory processes is considered beneficial as it
enables the elimination of the triggering insult and promotes
tissue repair. Conversely, persistent inflammatory stimuli or
dysregulation of mechanisms involved in the resolution of
acute inflammatory responses result in a chronic inflamma-
tory exposure, which is commonly observed in ageing and
several age-related diseases, including atherosclerosis, type
2 diabetes mellitus, cancers and chronic neurodegenerative
diseases, such as Alzheimer’s disease.

The reciprocal relationships between inflammation, age-
ing, and age-related diseases have led to the creation of the
“inflammaging” theory that, since the early 2000s, refers
to the reduced ability to cope with a variety of stressors
accompanied by an increased pro-inflammatory status dur-
ing unsuccessful ageing, namely ageing accompanied by
diseases [1]. Thus, according to the “inflammaging” theory,
the molecular and cellular mechanisms linking inflammation
and ageing are also involved in the initiation and evolution
of many chronic and degenerative conditions, including car-
diovascular disease (CVD).
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2 Telomere Length as a Potential Marker
Underlying the Association Between
Ageing and Inflammation

A 2-4 fold increase in serum levels of several pro-inflam-
matory cytokines, including IL-6 (also known as the
“gerontologist cytokine”) [2] and tumor necrosis factor
alpha (TNF-a), is commonly detected with advancing age
[2-5]. Although this evidence was considered related to an
increased burden of chronic inflammatory diseases com-
monly observed in the elderly, successful ageing (ageing
without co-morbidity) is still associated with low-grade
inflammatory activity in vivo. Numerous studies of older
adults and centenarians indicate that, even in healthy indi-
viduals, levels of several cytokines (including IL-6 and
TNF-a) increase with age, also in the absence of acute
infections or associated diseases [2, 6—8]. Despite this
observational evidence, the link between inflammation and
ageing and the biological pathways potentially underlying
this association have been difficult to identify, due to the
lack of markers of cellular ageing that could also inform
on the risk of unhealthy ageing. Ideally, this marker should
be influenced by chronic inflammation, related to the risk
of morbidity/mortality for age-related diseases and bio-
logically involved in the mechanisms of cellular ageing
(Fig. 1).

Telomeres are repeated DNA sequences located at the
end of the chromosomes that maintain DNA stability
during cellular division, also playing a role in regulating
the replicative potential of the cell [9]. Their function is
dependent on their length and is lost when they become
critically short because of multiple cellular replications.
The lack of adequate protection of the chromosomal ends
by critically short telomeres triggers the constitutive acti-
vation of DNA damage response (DDR), ultimately result-
ing in a replicative arrest, acquisition of a dysfunctional
cellular phenotype and cellular senescence or apoptosis
[10] (Fig. 1). Cells with activated DDR do not contrib-
ute to the physiological tissue/organ function, leading to
a decline in their biological reserves that is considered
a hallmark of frailty and increased vulnerability to age-
related disease. Thus, telomere length represents a rep-
licative “clock” for human somatic cells and, as such, a
good marker of biological ageing. Indeed, several obser-
vational studies have documented cross-sectional and
prospective associations between short telomere length in
peripheral leukocytes (leukocyte telomere length, LTL)
and an increased risk of mortality [11-14] and age-related
diseases [15-17].

The measure of LTL also provides a strong rationale for
considering this marker as a reliable measure of the chronic
inflammatory burden of an individual. Indeed, leukocytes
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represent inflammatory cells called into action in situations
of acute or chronic inflammatory responses. Particularly,
prolonged conditions of tissue stress or malfunction can
alter tissue homeostasis and, consequently, induce pro-
duction of pro-inflammatory cytokines by tissue resident
macrophages [18]. These cytokines (directly or indirectly)
stimulate proliferation and differentiation of peripheral lym-
phocytes and new inflammatory cells from the bone marrow,
respectively. The increased replications stimulated by this
adaptive response will be reflected in shorter telomere length
measured in peripheral leukocytes [19].

While the telomerase activity of bone marrow haemat-
opoietic and progenitor cells (that support the leukocytosis
associated with the inflammatory response) can compensate
for the lost of telomere sequences related to acute inflamma-
tory states, repeated or prolonged exposure to inflammatory
triggers exhaust the compensatory capacities of this enzyme,
ultimately resulting in shorter telomere length in peripheral
leukocytes [20, 21]. Cell proliferation is therefore considered
an important cause of telomere shortening in peripheral leu-
kocytes, and the presence of short LTL in the elderly can be
interpreted as the accumulation of cell divisions associated
with their life time tissue renewal and, thus, inflammatory
burden [22] (Fig. 1). Also, an elevated inflammatory expo-
sure is commonly associated with increased oxidative stress,
that, in turn, can cause oxidative damage to the telomere
sequence leading to a greater loss of telomere repetitions
for each cell replication [23]. The ability of LTL to inform
on the individual cumulative exposure to inflammation
and oxidative stress has been confirmed in multiple studies
showing robust associations between short LTL and chronic
inflammatory diseases [24, 25] or markers of oxidative stress
[24-27].

Among the various sources of intracellular oxidative
stress, a growing number of studies have identified mito-
chondrial dysfunction as a major source of free radicals,
which might affect the control of telomere length through
several mechanisms. The process of mitochondrial oxida-
tive phosphorylation generates reactive oxygen species
(mtROS) even in physiological conditions [28]. In the setting
of inflammatory states, hypoxia or excessive availability of
metabolic substrates, there is an increased mtROS produc-
tion, that in turn leads to an hyperactivation of the inflamma-
some NLRP3, ultimately resulting in an increased produc-
tion of the activated IL-1p, a proinflammatory cytokine that
is centrally involved in the pathogenesis of CVD [29-31].
A novel and highly attractive pathway linking mtROS with
CVD and ageing is represented by the protein p66Shc.
Physiologically, this protein is contained in multimeric com-
plexes in the cytoplasm and the mitochondrial matrix. Under
cellular stress, it migrates in the intermembranous mitochon-
drial space, directly stimulating production of mtROS [32].
The consequent activation of the inflammatory response
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linked to mitochondrial dysfunction can accelerate telomere
shortening [33]. Furthermore, the activation of the protein
p66Shc is directly regulated by the activity of sirtuins, pro-
teins with function of histone deacetylase that are sensitive
to the energy status of the cells. An increased availability
of substrates, as observed in obesity and diabetes mellitus,
is accompanied by a down-regulation of the expression and
activity of sirtuins which, in turn, results in an increased
activation of p66Shc [34, 35], upregulation of the expres-
sion of several inflammatory pathways [36, 37] and faster
telomere attrition [38]. In parallel, a deficit of sirtuin activity
can activate several cardiac and vascular pathways leading to
a faster progression of cardiovascular damage [39].

Although telomeres represent just one of the many con-
nections between inflammation and cellular ageing, their
ability to reflect the cumulative inflammatory exposure and
inform on biological ageing make them an ideal marker to
explore the inflammaging hypothesis in CVD.

3 Inflammation as a Driver of Ageing
and CVD

3.1 Chronic Inflammatory Disease, LTL and CVD

Several human models of chronic inflammation have been
used to study the association between CVD, telomeres
length and inflammation. Among these, rheumatic diseases
and, in particular, rheumatoid arthritis (RA) have been the
most commonly adopted [40, 41]. Patients with RA have a
1.5-2.0 fold increased risk of developing coronary artery
disease (CAD), similar in magnitude to the risk imparted by
diabetes mellitus [42—44]. An expert committee of the Euro-
pean League Against Rheumatism has recommended that
CV risk prediction models should be adapted for patients
with RA by a 1.5 multiplication factor (if this is not already
included in the risk algorithm) to reflect their increased risk
of heart disease [45]. Inflammation and an increased expo-
sure to oxidative stress have been considered the main fac-
tors accounting for the increased risk of CVD recorded in
patients with RA. As the same factors have also an important
impact on the rate of LTL shortening, it is not surprising that
several studies conducted on subjects with RA have found
evidence of reduced LTL accompanied to increased oxida-
tive stress [46, 47]. Beyond the impact of inflammation and
oxidative stress, altered telomere biology in patients with
RA can also result from the defective activity of telomer-
ase. Restoration of telomerase activity might improve the
immune abnormalities in RA [48] highlighting the strong
link between mechanism regulating cellular ageing and the
inflammatory responses in this model.

A state of chronic inflammation with elevated levels of
TNF- o and IL-1 can also be found in diabetes in which

inflammation may also be one of the causative mechanisms
that lead to insulin resistance and metabolism dysregulation
[49]. Vascular damage mediated by inflammation in diabetes
is mainly linked to the hyperglycemic state that increases
cytokines production, favours rolling, adhesion and migra-
tion of leukocytes in post-capillary venules and increases
expression of P-selectin on endothelial cells [50, 51]. Several
studies have also demonstrated an increase in oxidative stress
in diabetic patients, in particular of mitochondrial origin.
Oxidative stress is also correlated to the risk of developing
macro- and microvascular diabetic complications [52]. This
was specifically demonstrated by Hinokio et al. in a study
that correlated levels of urinary 8-hydroxy-2-deoxyguano-
sine (8-OHdG) to the development of diabetic nephropathy
[53]. 8-OHAdG is a marker of oxidative DNA damage that
increases in the presence of oxidative stress and that can also
promote apoptosis through the activation of caspases [54].
Sampson et al. found greater LTL attrition in patients with
type 2 diabetes compared to controls, an alteration that was
accompanied by a concomitant increase in urinary levels
of 8-OHdG [55]. These findings suggest that the increased
susceptibility of DNA to oxidative damage in type 2 diabetes
patients translates into accelerated telomeres shortening and
a progression to cellular senescence. This is further sup-
ported by a study from our group that in patients with type 1
and 2 diabetes mellitus documented shorter LTL in subjects
with a lower plasma total antioxidant capacity. Remarkably,
patients with short LTL and low plasma antioxidant activ-
ity were also those with a higher risk of ischaemic heart
disease at the 10 years follow up [56]. This evidence high-
lights the strong relationships between oxidative stress, LTL
biology and risk of CVD in patients with diabetes mellitus.
Mitochondria might represent a major cause of oxidative
stress-induced telomere shortening in patients with diabetes
mellitus. This is supported by the study from Salpea et al.,
who described shorter LTL in patients with diabetes carry-
ing a mutation of the uncoupling protein 2 (UCP2), a key
regulator of mtROS production [57].

Periodontitis (and its treatment) represents another model
of human systemic inflammation that has been commonly
used to study the effect of acute and chronic inflammatory
responses and its resolution on the cardiovascular system
and markers of ageing. Poor periodontal health has been
positively correlated with CVD in numerous observational
studies [58—61]. This relationship is thought to be related to
the migration in the bloodstream of microorganisms present
in dental plaque, giving raise of a systemic inflammatory
response [62]. Although no randomised controlled trials
have assessed the impact of periodontal treatment on the
risk of CVD, there are several clinical trials showing that
the same treatment has a beneficial effect on CVD risk fac-
tors as it can reduce systemic levels of IL-6, CRP, blood
pressure, total cholesterol, and E-selectin. An improvement
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of endothelial function, renal function and glycemic con-
trol in individuals with and without diabetes have also been
described [63-68].

Several reports suggest that the chronic inflammatory
and oxidative stress exposure related to periodontitis might
contribute to a greater shortening of LTL. In a case—con-
trol study, we documented that patients affected by severe
periodontitis had shorter LTL than healthy controls. LTL
was inversely related with both the total amount of plasma
oxidant metabolites and measures reflecting the chronic
inflammatory exposure of the gum tissue [25]. Further sup-
port to the hypothesis that a chronic inflammatory exposure
might account for the shorter LTL detected in patients with
periodontitis was provided in a subsequent report, including
patients with type 2 diabetes. In this population, patients
with periodontitis had shorter LTL than controls and LTL
was inversely related to the circulating levels of lipopoly-
saccharides, which might reflect the chronic trigger of the
inflammatory response [24]. Despite these convincing find-
ings, the ultimate cause accounting for the inverse relation-
ship between periodontitis and LTL remains to be deter-
mined. Indeed, in the Atherosclerosis Risk in Communities
(ARIC) study patients with periodontitis had shorter LTL
than unaffected controls but the rate of LTL over a period
of 6 years did not differ between groups [69]. This suggests
that LTL shortening due to periodontitis may require a much
longer observational period to become evident. Another
intriguing hypothesis is that short LTL might underpin the
immune-inflammatory deregulation that is thought to con-
tribute to the periodontal disease, thus preceding its clinical
diagnosis.

3.2 The Relationship of Short LTL with Clinical
and Subclinical Measures of Atherosclerosis

Several large epidemiological studies have confirmed the
association between short LTL and increased risk of CVD
morbidity and mortality [13, 15, 70-74]. Strong associations
have been also described between short LTL and exposure to
CVD risk factors, including indices of obesity/insulin resist-
ance [16, 55, 72, 73, 75-77], dyslipidemia, smoking habit
[76] and hypertension [26]. Cross-sectional and prospec-
tive associations between LTL and subclinical measures of
vascular remodeling/damage, including the carotid intima-
media thickness (cIMT) and pulse wave velocity (PWYV),
have been reported as well [70, 71, 78-80]. The evidence
produced in these reports, however, is in contrast with other
studies that could not find associations between short LTL
and cardiovascular mortality in elderly populations [81-84].
Factors that could account for these conflicting results
includes the different methods used to assess LTL, the low
sample size of some studies, the different age of the samples
used for the statistical analyses and the lack of accuracy in
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the measure of LTL in older ages. In addition, all these stud-
ies did not report longitudinal assessment of LTL, limiting
the degree to which causal inferences could be made and
leaving an open question onto whether the risk of subjects
with short LTL was related to a heritable trait or secondary
to an increased rate of LTL attrition during the lifespan due
to higher inflammatory exposure. Such a gap of knowledge
was filled by our group that documented strong associations
between the rate of LTL shortening over 10 years and cIMT,
while weaker associations were detected with cross-sectional
LTL measures [85]. Following this publication, a role for
LTL in CVD was confirmed in a large metanalysis including
43,725 participants and 8400 patients that documented clear
associations between short LTL and the risk of coronary
heart disease [86]. The final prove of a causal role of LTL in
the evolution of CVD was provided, however, by Codd et al.
who used the complex statistical approach of Mendelian
randomization to document an association of alleles related
with shorter LTL with an increased risk of coronary artery
disease [87]. These findings have been confirmed by another
Mendelian randomization study that documented a poten-
tially causal role of short LTL in the risk of coronary heart
disease and abdominal aortic aneurysm [86], two conditions
on which the interleukin-6 (IL-6) inflammatory pathway has
also shown a causal impact [88-91]. Comprehensively, these
results further support the idea that a process of accelerated
biological ageing induced by inflammation might underpin
the risk of CVD.

Based on this bulk of evidence, LTL has gained a role
as a marker of vascular ageing, possibly representing an
increased exposure to CV risk factor and inflammation.

4 Reverse Relationship: Ageing as a Driver
of Inflammation and CVD

Although there is extensive evidence of inflammation pro-
moting vascular ageing and CVD [24, 92, 93], a reverse
relationship in which ageing itself (represented by telomeres
shortening) could promote inflammation and CVD has also
been described. Indeed, many cells of the vascular wall can
produce inflammatory cytokines under conditions of rep-
licative senescence. This was reported, for the first time,
by Rodier et al. who demonstrated that constitutive activa-
tion of the DDR due to critically short telomeres induces
activation of a complex senescence-associated secretory
phenotype (SASP) in human fibroblasts, characterised by
several changes in the gene expression, including the activa-
tion of IL-6 and interleukin-8 (IL-8) production. In turn, a
reduction of the DDR obtained by transfection of exogenous
telomerase as well as loss of ATM or other factors respond-
ing to DNA damage dumped the IL-6 and IL-8 production,
confirming the hypothesis that an altered cellular phenotype
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Fig. 1 Inflammation as a cause and consequence of biological ageing.
Lifetime exposure to cardiovascular risk factors leads to a chronic,
low grade, systemic inflammatory exposure which is sustained by
recruitment and proliferation of inflammatory cells. This results in
telomere shortening that can be assessed in peripheral leukocytes.
When the size of telomeres become critically short, the cells undergo
senescence and activation of the DNA damage response (DDR)
which, in turn, leads to the development of a senescence-associated

acquired by cells with critically short telomeres and con-
sequent activation of the DDR was the main mechanisms
leading to the IL-6 production [94]. In older subjects and
patients with atherosclerotic plaques, it is possible to observe
an increased activation of markers of DDR compared to con-
trol subjects in both the atherosclerotic tissue and circulating
cells [95-98]. Notably, Morgan et al. documented that this
age-related increase in markers of DNA damage response
is accompanied by greater expression of P21, interleukin 8,
and monocyte chemotactic protein 1 mRNA within skeletal
muscle small resistance arteries [99]. A more comprehensive
assessment of the potential mechanisms by which senescent
cells within the vascular wall might contribute to establish-
ing an inflammatory environment was provided by Clarke
et al., who documented that senescent human smooth muscle
cells undergo activation of SASP and release high levels
of IL-6, promoting chemotaxis of inflammatory cells and
perpetuating the inflammatory state that leads to vascular
damage [100]. Thus, growing evidence suggests the pres-
ence of a vicious cycle, where inflammation might act as
a main cause and consequence of vascular ageing (Fig. 1).
The hypothesis that vascular ageing might promote
inflammation and perpetuate a chronic inflammatory sta-
tus could provide a novel and intriguing interpretation of
the Canakinumab Anti-Inflammatory Thrombosis Outcome
Study (CANTOS). This was the first randomised, double-
blinded, placebo-controlled trial that tested the inflammatory
hypothesis of atherothrombosis. The monoclonal antibody
Canakinumab that blocks the IL-1f signaling was used to
reduce systemic levels of inflammation in high-risk patients
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secretory phenotype (SASP). After the acquisition of such a pheno-
type, cells can produce inflammatory cytokines, perpetuating the
chronic inflammatory exposure. Following this hypothesis, a propor-
tion of the inflammatory burden commonly detected in the elderly
or subjects with advanced cardiovascular ageing might be independ-
ent of the exposure to cardiovascular risk factors, as sustained by the
senescent cells of the vascular wall

with established atherosclerosis that, despite the use of
aggressive secondary prevention strategies, presented with
persistent activation of systemic inflammation. At baseline,
participants displayed an optimal control of cardiovascu-
lar risk factors, with values of LDL cholesterol of approx-
imately 82 mg/dl. However, the average levels of hsCRP
were 4.2 mg/dl [101]. All patients recruited in the trial had
a previous cardiovascular event, suggesting that the long
term exposure to CVD risk factors before recruitment might
have promoted the evolution of vascular ageing up to its final
clinical manifestation. In this context, it is possible that a
constitutional activation of DDR in immune-inflammatory
cells and/or cells residing within the vascular wall could
represent a major driver of the persistent inflammatory acti-
vation, despite optimal control of cardiovascular risk factors.
Therefore, it is not surprising that using a monoclonal anti-
body that specifically targets the inflammatory axis activated
by the DDR resulted in an effective reduction of the risk of
subsequent cardiovascular events, while did not modify the
lipid profile.

5 Clonal Hematopoiesis of Indeterminate
Potential (CHIP): A Novel Mechanisms
Linking Ageing, Inflammation and CVD

Besides the influence of the telomere-associated cellular
ageing, recent research has identified somatic mutations
that further emphasise the strong link between inflammation,
ageing and CVD [102]. Acquisition of somatic mutation is
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mostly significant in highly proliferative tissues like the
hematopoietic system. Hematopoietic stem/progenitor cells
(HSPCs) accumulate somatic mutations with age, some
of which confer a competitive advantage and leads to an
expansion of their clonal progeny in the peripheral blood.
The most common of these mutations are located in genes
that are also involved in the development of haematological
malignancies, including Tet2, DNMT2A and Jak2. Thus,
the identification of such clones in the peripheral blood
confers to the carrier an elevated risk of hematologic malig-
nancies [103]. However, only ~0.5% of subjects per year
will progress towards an overt malignancy [104], leaving
many of these subjects in a premalignancy state. When the
clones exceed 2% of the peripheral leukocyte count, this
premalignant condition is identified with the term “clonal
hematopoiesis of indeterminate potential (CHIP)” [102].
The prevalence of CHIP is remarkably high, considering
that by the age of 70 years, individuals harboring these
clones amount to > 10% of the general population. People
with CHIP show an increased risk of all-cause mortality that
is conferred by an excess of CVD, including coronary heart
disease and stroke [104]. From its seminal work, the group
of Jaiswal et al. has confirmed that CHIP has a direct role in
the initiation and evolution of atherosclerosis and that this
is due to an upregulated activity of several inflammatory
signals in the causal pathway for CVD, including IL-1,
IL-8 and IL-6 [105]. Indeed, hypercholesterolaemia-prone
mice engrafted with bone marrow of Tet2 knockout mice
develop more severe atherosclerosis than controls, and this is
accompanied to an elevated expression of proinflammatory
genes such as IL-6. In humans, carriers of CHIP showed a
greater extension of coronary calcifications and a greater
level of circulating IL.-8 [105].

Intriguingly, recent evidence suggests that CHIP might be
involved in the whole cardiovascular continuum, extending
from the development of atherosclerosis to its late compli-
cations, such as heart failure. Sano et al. documented that,
after induction of myocardial infraction or pressure overload,
mice with partial (10%) bone marrow reconstitution with
Tet2-deficient cells (10% Tet2 KO-BMT) undergo greater
left ventricular remodeling, characterized by the develop-
ment of larger left ventricular systolic and diastolic volumes
as well as lower ejection fraction compared to their while
type littermates (10% WT-BMT). The histological analy-
sis of the myocardial tissue revealed an increased collagen
deposition and myocardiocyte hypertrophy in the 10% Tet2
KO-BMT mice than in the 10% WT-BMT littermates. These
alterations were accompanied by an increased expression of
IL-1p and IL-6 in macrophages of 10% Tet2 KO-BMT mice
and were prevented by infusion of an inflammasome NLRP3
inhibitor, highlighting the importance of the IL-1f inflam-
matory pathway in the development of the cardiac remod-
eling post myocardial infraction or pressure overload [106].
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The confirmation that these mechanisms are likely to act also
in humans was provided by Dorsheimer et al. In a population
of 200 patients with chronic heart failure owing to ischemic
origin, the authors found that: (1) CHIP was more common
than in the general population, (2) the two most commonly
mutated genes were Tet2 and DNMT?3a, (3) patients harbor-
ing either DNMT3A or TET2 mutations in their bone mar-
row cells had significantly worse long-term clinical outcome
for both death and death combined with rehospitalization
for heart failure compared with non-CHIP carriers, and (4)
there was a statistically significant dose-response association
between clone size and clinical outcome [107].

Thus, while factors affecting the risk of developing
somatic mutations remains to be fully elucidated, ageing is
currently considered the greater risk for the development of
CHIP, which therefore represents a novel potential mecha-
nism explaining the high level of proinflammatory cytokines
detected in the peripheral blood of older people and their
association with an increased risk of CVD.

6 Conclusions

The understanding of the relationship between inflammation,
ageing and CVD is still incomplete, but increasing evidence
is being collected that suggests a close and possibly mutual
connection between inflammation and ageing in determin-
ing the development of CVD. The CANTOS trial has pro-
vided evidence that selective inhibition of the IL-13/IL-6/
CRP pathway can improve the outcome of patients affected
by age-related diseases, including CVD and cancer. Further
studies are needed to assess the impact of these treatments
on markers of biological ageing.
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