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The  ageing  process involves  numerous  changes  and  modifi-
cations  in  the  structure  and  function  of virtually  all organs
of the  human  body,  including  the  arterial  system.  Arterial
ageing  is associated  with  endothelial  dysfunction,  prolif-
eration  and phenotypic  changes  of  smooth  muscle  cells
(SMCs),  development  of  calcifications,  alterations  in wall
protein  composition  (less  elastin  and increased  percentage
of  collagen)  and changes  in the  structure  of the adventi-
tia,  leading  to  progressive  arterial  stiffness  and  accelerated
arteriosclerosis.1

The  vascular  endothelium  plays  a  key  role  in the main-
tenance  of vascular  homeostasis  by  being  involved  in the
control  of  virtually  all  functions  related  to  the homeosta-
sis of  the  vascular  wall  and  its  interactions  with  the blood.
Regulation  of  endothelial  permeability  and its  barrier  func-
tion,  regulation  of  the  growth  of  all cell  types  in the wall,
relaxation  and  contraction  of  vascular  smooth  muscle  cells
(VSMCs),  white  blood  cell  adhesion,  platelet  aggregation  and
activation,  plasma  coagulation  and  fibrinolysis  are  some  of
the  functions  in which  endothelial  cells  are fundamentally
involved.  These  functions  are  performed  through  the release
of  numerous  factors  with  autocrine  and  paracrine  actions.2

Arterial  ageing  is  associated  with  endothelial  dysfunc-
tion,  considered  to  be  the  initial  process  of  atherosclerotic
development,  and  where  the  aforementioned  functions  are

DOI of original article:

https://doi.org/10.1016/j.arteri.2023.01.001

impaired.1 The  Framingham  study  demonstrated  that  ageing
is  the  most  important  independent  correlate  of  endothe-
lial dysfunction  (Mitchell  et  al. 2004),  as  in  the absence  of
clinical  disease  both  older  men  and  women  showed  endothe-
lial  dysfunction.3 Oxidative  stress  and  inflammation  are  the
most  important  pathological  mechanisms  responsible  for
endothelial  dysfunction  in healthy  older  adults.  Risk  factors
such  as  hypertension,  dyslipidaemia  and  alterations  in blood
glucose  may  exacerbate  endothelial  dysfunction  in ageing
through  oxidative  stress  and  inflammation.2,3

In  addition  to  endothelial  dysfunction,  the normal  struc-
ture  of  the arterial  wall  undergoes  structural  and  functional
changes  with  age.  Ageing  is  frequently  accompanied  by
increased  thickness  and alterations  in the media  VSMCs.4

These  changes  are associated  with  an increase  in colla-
gen  and  a  decrease  in  elastin  content.4 This  imbalance
increases  arterial  stiffness,  reduces  elasticity  and disten-
sibility  of  the  arterial  wall,  leading  to  increased  pressure
differential,  increased  pulse  wave  velocity,  increased  after-
load  and  reduced  coronary  flow.  Increased  arterial  stiffness
may  reflect  a dissociation  between  chronological  age  and
biological  age  of the arteries,  and is  considered  an  indepen-
dent  predictor  of cardiovascular  disease  in  both  subjects  at
high  cardiovascular  risk  and  the  general  population.  Aging
VSMCs  have  a  higher  proliferation  rate  than  young  cells,
which  correlates  with  increased  expression  of growth  factors
and  decreased  antiproliferative  mechanisms.  In  addition,
there  is  a change  in the  phenotype  of aged  smooth  mus-
cle  cells  from  a  contractile  to  a synthetic  phenotype,  which
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together  with increased  oxidative  and  inflammatory  factors
promotes  atherosclerotic  development.4,5

In the  current  issue  of Clínica  e  Investigación  en  Arte-
riosclerosis,  Hamczyk  and Nevado  write  a special  article
on  vascular  smooth  muscle  cell  ageing  from  the perspec-
tive  of  Hutchinson-Gilford  progeria  syndrome  (HGPS).6 HGPS
presents  with  premature  ageing  characterised  among  other
signs  by  accelerated  atherosclerosis,  high  prevalence  of
myocardial  infarction  or  stroke,  and death  in adolescence.
Post-mortem  examination  of  arteries  from  patients  with
HGPS  revealed  atheroma  plaques  with  calcifications,  ero-
sions  and  plaque  rupture.6

Patients  with  HGPS  show  signs  resembling  physiological
ageing,  the  most  relevant  being  those  related  to cardio-
vascular  disease,  including  increased  carotid-femoral  pulse
wave  velocity  indicating  arterial  stiffness.  In the  smooth
muscle  cells  of these  patients,  increased  extracellular
matrix,  elastin  fragmentation,  calcifications  in the medial
layer,  thickening  of  the  adventitia  and fibrotic  lesions  are
observed,  despite  the  fact that  most  patients  with  HGPS  do
not  have  a  high  prevalence  of  classical  vascular  risk  factors.7

The  main  cause  of  HGPS  is an accumulation  of the mutant
lamin  A  protein  called  progerin.  Lamin  A is  encoded  by  the
LMNA  gene  which  plays  a  key  role  in the regulation  of  nuclear
structure  and  numerous  essential  cellular  functions,  such
as  gene  transcription,  DNA  replication,  DNA  damage  repair
response,  or signal  transduction.  Studies  in  elderly  individu-
als  without  HGPS  have shown  detectable  levels  of  progerin  in
cells  and  tissues  including  arteries,  indicating  that  progerin
may  play  a  role  during  normal  ageing.7

Mouse  models  with  LMNA  gene  modifications  showed
alterations  in  VSMCs, suggesting  a  link  to  the  accelerated
vascular  ageing  process  in HGPS.  Progerin  causes  alter-
ations  in  VSMCs  that result  in  increased  arterial  stiffness,
calcification  and  atherosclerosis.  Progerin  also  causes  low
proliferation  and replication  rate,  due  to  prolonged  mito-
sis  and  impaired  DNA  repair,  which  is  associated  with
premature  senescence  and  death  of  VSMCs.8,9 There  are
important  differences  in the development  and progression
of  atherosclerotic  disease  between  people  with  and with-
out  HGPS,  with  the onset  of  disease  development  being
the  main  difference.  Endothelial  dysfunction  is  at the  ori-
gin  of  atherosclerotic  development  in people  without  HGPS,
whereas  alterations  in  VSMCs  seem  to  be  more  related  to
disease  development  in patients  with  HGPS.  Based  on  the
information  provided  in the article,  the  authors  suggest  that
vascular  disease  associated  with  progerin  production  shares
characteristics  with  age-related  atherosclerosis,  although
extrapolation  of  some  results  may  be  limited  by  the  exis-
tence  of  progeria-specific  mechanisms.10

In the  current  issue  of Clínica  e  Investigación  en  Arte-
riosclerosis,  Zuriaga  and  Fuster  write  a  review  article
on  clonal  haematopoiesis  and  atherosclerotic  disease.11

Clonal  haematopoiesis  is  a  situation  in  which  a  signifi-
cant  proportion  of  an individual’s  blood  cells  are derived
from  a  single  dominant  clone  of  haematopoietic  stem
cells,  as  opposed  to  normal haematopoiesis,  which  is  poly-
clonal.  Clonal  haematopoiesis  is  due  to  acquired  mutations,
but  also  to  non-mutation-related  mechanisms.  In clonal
haematopoiesis,  the presence  of a  mutation  provides  a
competitive  advantage  to  the  mutant  haematopoietic  stem
cell,  leading  to  its clonal  expansion.  The  most widespread

definition  is  clonal  haematopoiesis  of  undetermined  poten-
tial  or  CHIP,  which  is  defined  as the presence  in  blood  or
bone  marrow  of  an  expanded  single  nucleotide  variation
or  insertion/deletion  of  a gene  associated  with  a  known
haematological  malignancy.12 Although  CHIP  mutations  can
be  acquired  at  any  time  in life,  the likelihood  of  acquir-
ing  such  mutations  increases  as  an  individual  ages.  It  has
been  estimated  that  CHIP  is present  in 2%---3%  of  middle-aged
individuals  and 10%---20%  of those  over  70  years  of  age,10

although  these  figures  appear  to  be underestimated.12,13

Recently  it has been  suggested  that  CHIP  may  be  an
independent  risk  factor  for the  development  of  atheroscle-
rotic disease.  There  is  evidence  suggesting  an association
between  CHIP  and the development  of  atherosclerotic  dis-
ease  in older  age,  where  it is  also  considered  a  risk  factor
for  haematological  tumour  diseases.13

Experimental  studies  suggest  that  mutations  in  TET2 and
JAK2,  some of  the  most  common  in  clonal  haematopoiesis,
promote  the inflammatory  process  and  may  be related  to
the  progression  of  atherosclerosis,  which  would  explain  the
association  between  clonal  haematopoiesis  and  increased
cardiovascular  risk.  TET2, which codes  for  an epige-
netic  regulator  of  gene  transcription,  was  the first
gene  with  mutations  in  blood  cells  in individuals  with
clonal  haematopoiesis  without  haematological  cancer.14

Studies in  TET2-deficient  mice  suggest  that  accelerated
atherosclerosis  under these conditions  is  mainly  due to
the  proinflammatory  activity  of  TET2-mutant  macrophages,
which  is  characterised  by  up-regulation  of  IL-1  production.14

The  CHIP-associated  JAK  variant  is  a  mutation  associated
with  myeloproliferative  neoplasms,  but  is  also  detected  in
individuals  without  haematological  abnormalities,  in whom
it  is  associated  with  a  high  risk  of  atherosclerotic  disease.15

The  differences  in  atherosclerosis  phenotypes  and  under-
lying  molecular  mechanisms  observed  in TET2-mutated
and  JAK2-mutated  mouse  models  of  clonal  haematopoiesis
suggest  that  mutations  in  different  genes  are  not equiv-
alent,  and  that  the  clinical  significance  of CHIP  most
likely  depends  on  the  specific  mutated  gene.  In view  of
the  available  results,  research  is needed  to  determine
whether  other  CHIP  mutations,  in addition  to the afore-
mentioned  TET2 and  JAK2,  are  causally  related  to  the
accelerated  development  of  atherosclerosis  and increased
cardiovascular  risk.16 Although  speculatively,  a vicious  cir-
cle  between  CHIP  and  atherosclerotic  disease  has  been
proposed,  whereby  atherosclerosis  would  facilitate  clonal
haematopoiesis,  which  in  turn  would accelerate  the progres-
sion  of  atherosclerosis  and  its  outcomes.  However,  there  are
no  studies  related  to  the  prevention  of  increased  cardiovas-
cular  risk  in CHIP,  and  there  is  insufficient  information  to
assess  whether  classical  strategies  to  prevent  atheroscle-
rotic  progression  also  prevent  increased  cardiovascular  risk
in  patients  with  CHIP.16

In  summary,  the two  articles  discussed  above  open  up
new  perspectives  related  to  atherosclerotic  development  in
pathological  situations  such  as  HGPS  and  CHIP.

References

1. Seals DR, Jablonski KL, Donato AJ. Aging and vascular endothe-

lial function in humans. Clin Sci (Lond). 2011;120:357---75.

33

http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0005


V.L.  Juliá  and A.M.L.  García

2. Lahera V,  Goicoechea M, de Vinuesa SG, Miana M, de las

Heras N, Cachofeiro V,  et al. Endothelial dysfunction,

oxidative stress and inflammation in atherosclerosis: bene-

ficial effects of  statins. Curr Med  Chem. 2007;14(2):243---8,

http://dx.doi.org/10.2174/092986707779313381. PMID:

17266583.

3. Mitchell GF, Parise H, Benjamin EJ, et  al. Changes in arterial

stiffness and wave reflection with advancing age in healthy

men and women: the Framingham Heart Study. Hypertension.

2004;43:1239---45.

4. Nilsson PM. Hemodynamic aging as the consequence of  struc-

tural changes associated with early vascular aging (EVA). Aging

Dis. 2014;5:109---13.

5. Laurent S, Boutouyrie P, Cunha PG, Lacolley P, Nilsson

PM. Concept of extremes in vascular aging. Hypertension.

2019;74(2):218---28.

6. Hamczyka MR, Nevado RM. Vascular smooth muscle cell aging:

insights from Hutchinson-Gilford progeria syndrome. Clin Invest

Arterios. 2023;35:42---51.

7. Olive M, Harten I,  Mitchell R,  Beers JK, Djabali K,

Cao K, et  al. Cardiovascular pathology in Hutchinson-

Gilford progeria: correlation with the vascular pathology

of aging. Arterioscler Thromb Vasc Biol. 2010;30:2301---9,

http://dx.doi.org/10.1161/ATVBAHA.110.209460.6.

8. Merideth MA, Gordon LB, Clauss S, Sachdev V,  Smith ACM,

Perry MB, et al. Phenotype and course of Hutchinson-

Gilford progeria syndrome. N Engl J  Med. 2008;358:592---604,

http://dx.doi.org/10.1056/NEJMoa0706898.

9. Varga R, Eriksson M,  Erdos MR, Olive M,  Harten I,

Kolodgie F, et  al. Progressive vascular smooth muscle cell

defects in a  mouse model of Hutchinson-Gilford proge-

ria  syndrome. Proc Natl Acad Sci USA. 2006;103:3250---5,

http://dx.doi.org/10.1073/pnas.0600012103.

10. Hamczyk MR, Andrés V. Vascular smooth muscle cell loss

underpins the accelerated atherosclerosis in Hutchinson-

Gilford progeria syndrome. Nucleus. 2019;10:48---54,

http://dx.doi.org/10.1080/19491034.2019.1589359.

11. Zuriaga MA, Fuster JJ. Clonal hematopoiesis and atheroscle-

rotic cardiovascular disease: a primer. Clin Invest Arterios.

2023;35:35---41.

12. Jaiswal S, Natarajan P, Silver AJ, Gibson CJ,  Bick AG, Shvartz E,

et al. Clonal hematopoiesis and risk of atherosclerotic cardio-

vascular disease. N  Engl J Med. 2017;377:111---21.

13. Zink F,  Stacey SN, Norddahl GL, Frigge ML, Magnusson OT,

Jonsdottir I, et  al.  Clonal hematopoiesis, with and without

candidate driver mutations, is common in the elderly. Blood.

2017;130:742---52.

14. Fuster JJ, MacLauchlan S, Zuriaga MA, Polackal MN, Ostriker

AC, Chakraborty R, et  al. Clonal hematopoiesis associated

with TET2deficiency accelerates atherosclerosis development

in mice. Science. 2017;355:842---7.

15. Wang W, Liu W,  Fidler T, Wang Y, Tang Y,  Woods B,

et al. Macrophage inflammation erythrophagocytosis, and

accelerated atherosclerosis in Jak2 (V617F) mice. Circ Res.

2018;123:e35---47.

16. Fuster JJ, Walsh K.  Somatic mutations and clonal

hematopoiesis: unexpected potential new drivers of

age-related cardiovascular disease. Circ Res. 2018;122:523---32.

34

dx.doi.org/10.2174/092986707779313381
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0015
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0020
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0025
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0030
dx.doi.org/10.1161/ATVBAHA.110.209460.6
dx.doi.org/10.1056/NEJMoa0706898
dx.doi.org/10.1073/pnas.0600012103
dx.doi.org/10.1080/19491034.2019.1589359
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0055
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0060
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0065
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0070
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0075
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080
http://refhub.elsevier.com/S2529-9123(22)00071-7/sbref0080

	Arterial ageing and atherosclerotic risk: new perspectives
	References


