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Biological ageing and
cardiovascular disease
Nilesh J Samani,1 Pim van der Harst2

At a population level, several environ-
mental, lifestyle and genetic risk factors
contribute to the development of coron-
ary artery disease (CAD) and heart failure.
However, at an individual level, both
susceptibility to, and the age of onset of,
these conditions vary considerably even
for subjects with apparently similar risk
factor profiles. Any mechanism that is
proposed to explain this interindividual
variation needs to take into account the
age association of these diseases (ie, that
they are more common with age) and
integrate the impact of known risk
factors. Here we discuss emerging evi-
dence that suggests that at least part of
the interindividual difference in suscept-
ibility to, and in age of onset of, CAD, and
possibly other cardiovascular diseases
including heart failure, reflects interindi-
vidual variation in biological ageing and
that mean telomere length acts as a
valuable marker of this process.

TELOMERES
Telomeres are the extreme ends of eukar-
yotic chromosomes. They are made up of
a large number of tandem repeats of a
simple DNA sequence (in humans
TTAGGG). Telomeres are important
structures involved in cell cycle control
and maintenance of chromosomal stabi-
lity.1 2 They have three features that mark
them as possible markers of interindivi-
dual variation in biological ageing:

c The numbers of repeats (and hence
telomere lengths) have a significant
genetic determination and vary
between individual subjects at birth
and through life.3–6

c In somatic cells telomeres shorten
progressively with repeated cell divi-
sion.7 This is because DNA polymer-
ase cannot fully replicate the 39 end of
linear DNA during mitosis, the so-
called end replication problem (fig 1),

and some telomeric DNA is lost
during each division.1 2 In utero, in
stems cells, and in many cancer cells,
the enzyme telomerase helps to main-
tain the telomere (fig 1) but telomer-
ase is transcriptionally repressed in
most somatic cells.1 2

c The amount of telomere lost for each
cell division can vary. In particular,
there is evidence that increased oxida-
tive stress, which is a feature of many
cardiovascular diseases, is associated
with greater telomere loss.8–10

These features provide a potential
mechanism for cellular behaviour deter-
mined by a biological clock and this
concept is supported by strong experi-
mental evidence.11–13 In many cell types
senescence and subsequent cell death
often occurs when the mean telomere

length reaches a critical value.12 More
recent evidence suggests that transition
to the senescent state may be primarily
driven by signals coming from the most
shortened telomeres.1 2 Nonetheless, mean
telomere length has emerged as a possible
marker for biological age, at least at the
cellular level, with shorter telomeres
indicating increased biological age.13

ASSOCIATION OF SHORTER TELOMERES
WITH CORONARY ARTERY DISEASE
Several studies in diverse populations
have now shown an association between
shorter telomeres in circulating leucocytes
and CAD.14–18 Particularly persuasive in
this regard are studies that have shown
the presence of shorter telomeres before
the development of clinical disease, indi-
cating that the shorter telomeres in such
subjects are not simply a consequence of
CAD. In the West of Scotland Primary
Prevention Study (WOSCOPS), the odds
ratio for coronary events over the next
4.9 years was almost doubled in placebo-
treated subjects in the lower two tertiles
of baseline telomere length compared
with the highest,18 while a study of 143

1 Department of Cardiovascular Sciences, University of
Leicester, Glenfield Hospital, Leicester, UK; 2 Department
of Cardiology, University Medical Centre Groningen,
University of Groningen, The Netherlands

Correspondence to: Professor N J Samani,
Department of Cardiovascular Sciences, University of
Leicester, Clinical Sciences Wing, Glenfield Hospital,
Groby Road, Leicester LE3 9QP, UK; njs@le.ac.uk

Figure 1 Simplified schematic of the DNA end-replication problem during mitosis and the role of
telomerase. One end of a chromosome, consisting of several kilobases of repeats of the sequence
TTAGGG (ie, the telomere) is shown of which only the very final part is depicted in detail. (A) During
the S phase DNA is copied. The leading strand (39–59) can theoretically copy the bottom parental
strand all the way to the end (not shown). (B.) The lagging strand synthesis by DNA polymerase
copies the parental strand by priming of RNA primers (red block, copy direction indicated by arrow).
(C) DNA polymerase copies the strand. (D) RNA primer (red block) is removed and leaves a 59
terminal gap. (E) Subsequent cell divisions and degradation of this 39 single-stranded overhang
results in progressively shorter telomeres with cell division. (F) The holoenzyme telomerase
(heptagon) lengthens terminal regions of DNA with the use of an RNA template (TERC; brown). This
increases the length of the 39 single-stranded overhang. Synthesis of the complementary strand of
the telomeric repeats is thought to occur through the normal DNA replication machinery.
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people over the age of 60 found that
having shorter than average telomeres
was associated with a more than threefold
higher cardiac mortality over the next
8.9 years.16 Where examined, the differ-
ence in telomere lengths in subjects with
and without CAD is not explained by
differences in classical risk factors for
CAD.15 17 18

Because telomeres shorten with age and
the average amount of telomeres lost per
year can be computed, another way of
presenting the difference in telomere
length in those with (or who will develop)
CAD and those without CAD is by the
number of years of age to which this
equates. Studies to date, except in very
old subjects, have shown a consistent
difference equivalent to between 8 and
12 years (ie, on average those with CAD
have telomeres equivalent in size to
normal subjects 8–12 years older).14 15 18

This remarkable observation provides
persuasive evidence that subjects with
(or prone to) CAD may be ‘‘biologically’’
older.

TELOMERE LENGTH IN OTHER
CARDIOVASCULAR DISEASES
Fewer studies have investigated the asso-
ciation of telomere length with other
cardiovascular diseases. However, in the
Cardiovascular Health Study, an associa-
tion with stroke of a similar magnitude to
that with myocardial infarction was
observed, although there was no associa-
tion with development of symptomatic
peripheral vascular disease.17 Shorter leu-
cocyte mean telomere length has also
been reported to be associated with an
increased predilection to carotid artery
atherosclerosis in hypertensive subjects.19

Recent studies also suggest a role for
telomeres in the pathophysiology of con-
gestive heart failure (CHF). In a large
cohort of 620 patients with CHF derived
from the MERIT-HF study and 183 age-
and gender-balanced controls, telomere
length of white blood cells was also about
40% reduced in patients with CHF and
related to the severity of disease.20

Decreased left ventricular ejection frac-
tion in the elderly, without evidence of
previous myocardial infarction, has also
been associated with reduced telomere
length. One standard deviation of shorter
telomeres was associated with a 5% lower
ejection fraction.21

TELOMERE LENGTH AND
CARDIOVASCULAR RISK FACTORS
Apart from age, several other demo-
graphic and conventional risk factors also

show an association with telomere length
in circulating white cells. Age-adjusted
telomere lengths are longer in women
than in men,10 22 which may reflect the
effect of oestrogens on telomerase.23 In
men, telomeres have been shown to be
shorter in subjects with type 1 diabetes,24

type 2 diabetes25 and insulin resistance.9

Telomere length has been reported to be
inversely correlated with pulse pressure
and pulse wave velocity, especially in
men.22 In women psychological stress,26

obesity and smoking27 and low socio-
economic status28 have been associated
with shorter leucocyte telomeres. Many
of these associations could reflect the
effect of oxidative stress or chronic
inflammation on telomere attrition.10

However, adjustment for these risk fac-
tors does not attenuate the association
between shorter telomere length and
CAD,15 18 suggesting that the relationship
does not simply reflect the effect of these
risk factors on telomere attrition.

TELOMERE LENGTH IN VASCULAR
TISSUES
There is a strong correlation in telomere
length between different tissues of the
same person.3 29 Therefore, the shorter
telomeres seen in the leucocytes in
patients with CAD are probably also
representative of the situation in the
vessel wall. More direct evidence comes
from studies that have shown shorter
telomeres in coronary endothelial cells
from patients with CAD than in subjects
without CAD.30 Indeed, probably as a
consequence of increased cell turnover,
telomere shortening may even be exag-
gerated at sites prone to atherosclerosis
such as bifurcations31 and in cells within
the atherosclerotic plaque.32 Similarly,
endomyocardial biopsies of subjects with
dilated cardiomyopathy display an

increased level of cellular senescence and
cell death associated with a 39% reduction
of average telomere length compared with
normal hearts.33

THE TELOMERE HYPOTHESIS
Possibly, the association of shorter telo-
meres with CAD and other cardiovascular
disease simply reflects the greater cell
turnover (both of white cells in the
circulation and vascular cells) that is
known to occur in these conditions and
has no direct role in pathogenesis.
However, several lines of evidence suggest
that the association may be more funda-
mental:

c Cellular senescence, of both the
endothelium34 and smooth muscle
cells,32 is an important and early
feature of the atherosclerotic plaques.
This is accompanied by changes in
gene expression (eg, increased intra-
cellular adhesion molecule-1 (ICAM-
1) and decreased levels of nitric oxide
synthase (eNOS)) that are implicated
in atherogenesis.35

c Importantly, some of these changes in
expression can be directly related to
telomere biology. When telomere
shortening and dysfunction was
induced in human vascular endothelial
cells by inhibition of the telomere-
associated protein, TRF2, using a
mutant lacking the TRF2-binding
domain, phenotypic changes charac-
teristic of senescence occurred and the
cells exhibited increased ICAM-1
expression and decreased endothelial
eNOS activity. Conversely, introduc-
tion of the catalytic subunit of telo-
merase significantly extended the
lifespan of the cells, reversed the
changes in gene expression, and inhib-
ited the functional alterations asso-
ciated with senescence.35

Figure 2 Factors affecting telomere length and how these could explain interindividual variation in
risk of age-related cardiovascular diseases. The telomere hypothesis postulates that shorter
telomeres contribute to a risk of coronary artery disease and other cardiovascular diseases through
its impact on cellular senescence. In turn, telomere length is affected by age and a number of other
factors whose impact vary between individual subjects.
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c Similarly, suppressing TRF2 function
in cultured cardiac myocytes provoked
telomere erosion and apoptosis, while
exogenous TRF2 protected against
damage from oxidative stress.36

c Finally, telomerase knockout mice
develop shorter telomeres with
increasing number of generations and
show evidence of cardiac dysfunc-
tion.37

These observations suggest that telo-
meres could play a primary role in CAD
and other cardiovascular diseases through
the impact of telomere length on the
progression to cellular senescence (fig 2).
This hypothesis has the potential to
integrate different strands in the known
aetiology of CAD. It could, for instance,
at least partly explain the familial risk of
CAD. Rather than specific genes, a more
global property of DNA (telomere length)
could be the inherited component that
transmits the genetic risk. The risk
associated with several conventional risk
factors for CAD such as hypertension,
smoking and diabetes could also be partly
mediated through increased telomere
attrition mediated by oxidative stress.
More speculatively, telomere shortening
through increased replicative stress could
even play a role in the association
between decreased body weight at birth,
greater catch-up growth and greater risk
of CAD in adulthood.38 Equally impor-
tantly, since the various factors that affect
telomere length will vary from one person
to the next, the telomere hypothesis
provides the ability to explain, at least
partly, the interindividual variation in
susceptibility to, and age of onset of,
CAD.

There are many aspects of the telomere
hypothesis of CAD that require further
information and refinement. However,
like any good hypothesis it lends itself to
testing. For example, if inheritance of
shorter telomeres partly explained the
genetic basis of CAD, then one would
predict that offspring of patients with
premature CAD, who are healthy but at
higher risk because of their family history,
would have shorter telomeres than off-
spring from families without such a
history. Similarly, increased rates of telo-
mere attrition should be associated with
greater subsequent risk of CAD.
Continuing studies are testing these pos-
sibilities.

SUMMARY AND CONCLUSIONS
In the past few years, several studies have
shown an association between shorter
white cell telomeres and increased risk of

CAD. A better understanding of the
nature of this association has the poten-
tial to offer new insights into the genetic
aetiology and pathogenesis of CAD and
partly explain the interindividual varia-
tion in risk of occurrence and age of onset
of CAD. Whether telomere length/biology
provides a new therapeutic target for
CAD remains to be seen.

Acknowledgements: NJS holds a British Heart
Foundation Chair of Cardiology. PvdH is a supported by
the Innovational Research Incentives Scheme pro-
gramme of the Netherlands Organisation for Scientific
Research (NWO VENI, grant 916.76.170) and is a
research fellow of the Netherlands Heart Foundation
(grant 2006T003).

Competing interests: None.

Heart 2008;94:537–539. doi:10.1136/hrt.2007.136010

REFERENCES
1. Chan SR, Blackburn EH. Telomeres and telomerase.

Philos Trans R Soc Lond B Biol Sci 2004;359:109–21.
2. Blasco MA. Telomeres and human disease: ageing,

cancer and beyond. Nat Rev Genet 2005;6:611–22.
3. Takubo K, Izumiyama-Shimomura N, Honma N, et al.

Telomere lengths are characteristic in each human
individual. Exp Gerontol 2002;37:523–31.

4. Slagboom PE, Droog S, Boomsma DI. Genetic
determination of telomere size in humans: a twin
study of three age groups. Am J Hum Genet
1994;55:876–82.

5. Vasa-Nicotera M, Brouilette S, Mangino M, et al.
Mapping of a major locus that determines telomere
length in humans. Am J Hum Genet 2005;76:147–51.

6. Andrew T, Aviv A, Falchi M, et al. Mapping genetic
loci that determine leukocyte telomere length in a
large sample of unselected female sibling pairs.
Am J Hum Genet 2006;78:480–6.

7. Harley CB, Futcher AB, Greider CW. Telomeres
shorten during ageing of human fibroblasts. Nature
1990;345:458–60.

8. Xu D, Neville R, Finkel T. Homocysteine accelerates
endothelial cell senescence. FEBS Lett 2000;470:20–
4.

9. Demissie S, Levy D, Benjamin EJ, et al. Insulin
resistance, oxidative stress, hypertension, and
leukocyte telomere length in men from the
Framingham Heart Study. Aging Cell 2006;5:325–30.

10. Bekaert S, De Meyer T, Rietzschel ER, et al. On
behalf of the Asklepios Investigators. Telomere length
and cardiovascular risk factors in a middle-aged
population free of overt cardiovascular disease. Aging
Cell 2007;6:639–47.

11. Allsopp RC, Vaziri H, Patterson C, et al. Telomere
length predicts replicative capacity of human
fibroblasts. Proc Natl Acad Sci USA 1992;89:10114–
8.

12. Allsopp RC, Harley CB. Evidence for a critical
telomere length in senescent human fibroblasts. Exp
Cell Res 1995;219:130–6.

13. Vaziri H, Dragowska W, Allsopp RC, et al. Evidence
for a mitotic clock in human hematopoietic stem cells:
loss of telomeric DNA with age. Proc Natl Acad Sci
USA 1994;91:9857–60.

14. Samani NJ, Boultby R, Butler R, et al. Telomere
shortening in atherosclerosis. Lancet 2001;358:472–
3.

15. Brouilette S, Singh RK, Thompson JR, et al. White
cell telomere length and risk of premature myocardial
infarction. Arterioscler Thromb Vasc Biol
2003;23:842–6.

16. Cawthon RM, Smith KR, O’Brien E, et al. Association
between telomere length in blood and mortality in
people aged 60 years or older. Lancet 2003;361:
393–5.

17. Fitzpatrick AL, Kronmal RA, Gardner JP, et al.
Leukocyte telomere length and cardiovascular disease
in the cardiovascular health study. Am J Epidemiol
2007;165:14–21.

18. Brouilette SW, Moore JS, McMahon AD, et al. For
the West of Scotland Coronary Prevention Study G.
Telomere length, risk of coronary heart disease, and
statin treatment in the West of Scotland Primary
Prevention Study: a nested case-control study. Lancet
2007;369:107–14.

19. Benetos A, Gardner JP, Zureik M, et al. Short
telomeres are associated with increased carotid
atherosclerosis in hypertensive subjects. Hypertension
2004;43:182–5.

20. van der Harst P, van der Steege G, de Boer RA, et
al. Telomere length of circulating leukocytes is
decreased in patients with chronic heart failure. J Am
Coll Cardiol 2007;49:1459–64.

21. Collerton J, Martin-Ruiz C, Kenny A, et al. Telomere
length is associated with left ventricular function in
the oldest old: the Newcastle 85+ study. Eur Heart J
2007;28:172–6.

22. Benetos A, Okuda K, Lajemi M, et al. Telomere
length as an indicator of biological aging: the gender
effect and relation with pulse pressure and pulse
wave velocity. Hypertension 2001;37:381–5.

23. Kyo S, Takakura M, Kanaya T, et al. Estrogen
activates telomerase. Cancer Res 1999;59:5917–21.

24. Jeanclos E, Krolewski A, Skurnick J, et al. Shortened
telomere length in white blood cells of patients with
IDDM. Diabetes 1998;47:482–6.

25. Sampson MJ, Winterbone MS, Hughes JC, et al.
Monocyte telomere shortening and oxidative DNA
damage in type 2 diabetes. Diabetes Care
2006;29:283–9.

26. Epel ES, Blackburn EH, Lin J, et al. Accelerated
telomere shortening in response to life stress. Proc
Natl Acad Sci USA 2004;101:17312–5.

27. Valdes AM, Andrew T, Gardner JP, et al. Obesity,
cigarette smoking, and telomere length in women.
Lancet 2005;366:662–4.

28. Cherkas LF, Aviv A, Valdes AM, et al. The effects of
social status on biological aging as measured by
white-blood-cell telomere length. Aging Cell
2006;5:361–5.

29. Youngren K, Jeanclos E, Aviv H, et al. Synchrony in
telomere length of the human fetus. Hum Genet
1998;102:640–3.

30. Ogami M, Ikura Y, Ohsawa M, et al. Telomere
shortening in human coronary artery diseases.
Arterioscler Thromb Vasc Biol 2004;24:546–50.

31. Okuda K, Khan MY, Skurnick J, et al. Telomere
attrition of the human abdominal aorta: relationships
with age and atherosclerosis. Atherosclerosis
2000;152:391–8.

32. Matthews C, Gorenne I, Scott S, et al. Vascular
smooth muscle cells undergo telomere-based
senescence in human atherosclerosis: effects of
telomerase and oxidative stress. Circ Res
2006;99:156–64.

33. Chimenti C, Kajstura J, Torella D, et al. Senescence
and death of primitive cells and myocytes lead to
premature cardiac aging and heart failure. Circ Res
2003;93:604–13.

34. Davies MJ, Woolf N, Rowles PM, et al. Morphology
of the endothelium over atherosclerotic plaques in
human coronary arteries. Br Heart J 1988;60:459–64.

35. Minamino T, Miyauchi H, Yoshida T, et al.
Endothelial cell senescence in human atherosclerosis:
role of telomere in endothelial dysfunction. Circulation
2002;105:1541–4.

36. Oh H, Wang SC, Prahash A, et al. Telomere attrition
and Chk2 activation in human heart failure. Proc Natl
Acad Ssci USA 2003;100:5378–83.

37. Leri A, Franco S, Zacheo A, et al. Ablation of
telomerase and telomere loss leads to cardiac
dilatation and heart failure associated with p53
upregulation. EMBO J 2003;22:131–9.

38. Eriksson JG, Forsen T, Tuomilehto J, et al. Catch-up
growth in childhood and death from coronary heart
disease: longitudinal study. BMJ 1999;318:427–31.

Featured editorial

Heart May 2008 Vol 94 No 5 539


