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Abstract—Telomeres are repetitive, non-coding sequences that cap 
the ends of linear chromosomes. They consist of hexameric 
nucleotide sequences (TTAGGG in humans) repeated hundreds to 
thousands of times. Telomeres protect the protein-coding sequences 
of DNA on the chromosome, and telomeres shortening during 
sequential cell divisions is believed to dictate a cell’s life span. 
Telomerase activity is required to maintain telomeres. One 
consequence of telomere dysfunction is cellular senescence, a 
permanent growth arrest state. Telomere length shortens with age. 
Progressive shortening of telomeres leads to apoptosis, or oncogenic 
transformation of somatic cells, affecting the health and lifespan of 
an individual. Shorter telomeres have been associated with increased 
incidence of diseases and poor survival. The rate of telomere 
shortening can be either increased or decreased by specific lifestyle 
factors.Better choice of diet and activities has great potential to 
reduce the rate of telomere shortening or at least prevent excessive 
telomere attrition, leading to delayed onset of age-associated 
diseases and increased lifespan. This review highlights the role of 
telomeres in aging and describes the lifestyle factors which may 
affect telomeres, human health, and aging.  
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1. INTRODUCTION 

Telomeres, the specific DNA–protein structures found at both 
ends of each chromosome, protect genome from nucleolytic 
degradation, unnecessary recombination, repair, and 
interchromosomal fusion. Telomeres therefore play a vital role 
in preserving the information in our genome. As a normal 
cellular process, a small portion of telomere DNA is lost with 
each cell division. When telomere length reaches a critical 
limit, the cell undergoes senescence and/or apoptosis. 
Telomere length may therefore serve as a biological clock to 
determine the lifespan of a cell and an organism.Recent 
research points to the crucial roles of telomeres and telomerase 
in cellular ageing and potentially in disease. Ageing is a 
process associated with progressive changes, ultimately 
leading to death, and the mechanisms involved in ageing are 
still far from well understood. The search for ageing and 
longevity genes has long been a focus in biomedical research. 
Since telomeres shorten as a function of age in vivo and 
telomerase antagonizes the process of telomere shortening, 
whether or not telomereshortening serves, as a timer with 
different settings in different species to control the onset of 
cell senescence, and thus life span, has been the subject of 
intense debate[1]Accelerated telomere shortening in genetic 

disorder dyskeratosis congenital is associated with an early 
onset of several age-associated disorders and reduced lifespan. 
Telomerase activity, the ability to add telomeric repeats to the 
chromosome ends, is present in germline, hematopoietic, stem, 
and certain other rapidly renewing cells but extremely low or 
absent in most normal somatic cells. Transgenic induction of a 
telomerase gene in normal human cells extends their lifespan 
[2]. Cawthon et al. [3] showed that individuals with shorter 
telomeres had significantly poor survival due to higher 
mortality rate caused by heart and infectious diseases. 
Progressive shortening of telomeres leads to senescence, 
apoptotic cell death, or oncogenic transformation of somatic 
cells in various tissues. Telomere length, which can be 
affected by various lifestyle factors, may determine overall 
health, lifespan, and the rate at which an individual is aging. 
As a normal cellular process, telomere length decreases with 
age [4, 5]. Telomere length in humans seems to decrease at a 
rate of 24.8–27.7 base pairs per year [4,5]. Telomere length, 
shorter than the average telomere length for a specific age 
group, has been associated with increased incidence of age-
related diseases and/or decreased lifespan in humans [6, 7]. 
Telomere length is affected by a combination of factors 
including donor age [8], genetic, epigenetic make-up and 
environment [9–12], social and economic status [13,14], 
exercise, body weight [15], and smoking [16]. Gender does 
not seem to have any significant effect on the rate of telomere 
loss. When telomere length reaches below a critical limit, the 
cells undergo senescence and/or apoptosis [17, 18]. 

2. STRUCTURE OF TELOMERES 

Telomeres, the DNA–protein complexes at chromosome ends, 
protect genome from degradation and interchromosomal 
fusion. Telomeric DNA is associated with telomere-binding 
proteins and a loop structure mediated by TRF2 protects the 
ends of human chromosomes against exonucleolytic 
degradation [19], and may also prime telomeric DNA 
synthesis by a mechanism similar to ‘gap filling’ in 
homologous recombination [20]. As shown in telomere 
shortening occurs at each DNA replication, and if continued 
leads to chromosomal degradation and cell death [21]. 
Telomerase activity, the ability to extend telomeres, is present 
in germline and certain hematopoietic cells, whereas somatic 
cells have low or undetectable levels of this activity and their 
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telomeres undergo a progressive shortening with replication . 
Telomerases are reactivated in most cancers and immortalized 
cells. However, a subset of cancer/immortalized cells lack 
telomerase activity and maintain telomere length by 
alternative mechanisms, probably involving genetic 
(homologous) recombination [22], which is elevated in most 
immortal/cancer cell lines [23]. 

2.1 Telomere lengthening 

Telomere shortening can be reversed by the action of the 
enzyme telomerase (TERT), a reverse transcriptase that uses 
an RNA template called TERC to extend the ends of 
chromosomes by adding additional telomeric repeats .This can 
allow cells to live longer by counteracting the normal cell 
“aging” process of telomere shortening. Other less well-
understood pathways can also extend telomeric DNA, such as 
the alternative pathway (ALT), which uses recombination 
between chromosomes to maintain telomere length. 
Sometimes telomeres are extended under normal conditions, 
such as those of stem cells and many cells of the immune 
system that need to divide regularly. Other times, however, 
telomerase can act out of turn, resulting in excessive 
proliferation of cells that can lead to cancer. 

3. TELOMERES AND AGEING 

Recent research points to the crucial roles of telomeres and 
telomerase in cellular ageing and potentially in disease. 
Ageing is a process associated with progressive changes, 
ultimately leading to death, and the mechanisms involved in 
ageing are still far from well understood. The search for 
ageing and longevity genes has long been a focus in 
biomedical research. Since telomeres shorten as a function of 
age in vivo and telomerase antagonizes the process of 
telomere shortening, whether or not telomereshortening 
serves, as a timer with different settings in different species to 
control the onset of cell senescence, and thus life span, has 
been the subject of intense debate[24] 

A well established model for the analysis of ageing at the 
cellular level is in vitro cultivation of human diploid cells that 
divide a limited number of times before undergoing a state 
called “cellular senescence”. This limit has been named “the 
Hayflick limit”. Such cells are irreversibly blocked in G1 
phase of the cell cycle and become unresponsive to mutagenic 
stimuli yet can remain viable and metabolically active. The 
senescent phenotype is accompanied by dramatic changes in 
morphology, nuclear structure, gene expression, protein 
processing and metabolism. An increased fraction of these 
cells positively stained for senescence-associated b-
galactosidase and tumour suppressors such as p53, p21 and 
p16 is up regulated. This cellular senescence thus, represents a 
tumour suppressor mechanism[25]. Early studies in mice 
bearing a germ line knockout of the MTR gene and thus null 
telomerase activity show that short telomeres trigger multiple 
ageing related processes including cell growth arrest, 

apoptosis and decreased capacity in response to stresses in 
highly proliferative organs, demonstrating a critical role for 
telomere length in genomic stability, cell replicative life span 
and ageing5. The consequences of telomere ablation at the 
organismal level have been rigorously assessed in TERC-
deficient mice[26] which undergo progressive telomere 
shortening with each generation and lose viability when they 
reach critically short telomeres (typically after 3 to 5 
generations).  

3.1 Stress increases the pace of telomere shortening and 
aging 

The stress is associated with release of glucocorticoid 
hormones by the adrenal gland. These hormones have been 
shown to reduce the levels of antioxidant proteins [27] and 
may therefore cause increased oxidative damage to DNA [28] 
and accelerated telomere shortening [29]. Consistently, the 
women, exposed to stress in their daily life, had evidence of 
increased oxidative pressure, reduced telomerase activity, and 
shorter telomeres in peripheral blood mononuclear cells, 
relative to the women in the control group [30]. Importantly, 
the difference in telomere length in these two groups of 
women was equivalent to 10 years of life, indicating that the 
women under stress were at a risk for early onset of age-
related health problems. Because telomere length may indicate 
an individual’s biological age, the stress would adversely 
affect health and longevity. 

4. IMPACT OF DIET AND EXERCISE ON 
TELOMERES AND AGING 

Impact of fiber, fat, and protein on telomeres 

Cassidy et al. studied the association of leukocyte telomere 
length with various lifestyle factors in a relatively large group 
of women. Telomere length positively correlated with dietary 
intake of fiber and negatively associated with waist 
circumference and dietary intake of polyunsaturated fatty 
acids, especially linoleic acid. Reduction in protein intake of 
food also seems to increase longevity. Reduction in the protein 
content of food by 40%, led to a 15% increase in the lifespan 
of rats. The rats subjected to a protein-restricted diet early in 
life displayed a long-term suppression of appetite, reduced 
growth rate, and increased lifespan [31], and the increased 
lifespan in such animals was associated with significantly 
longer telomeres in kidney [32]. Consistently, the highest life 
expectancy of Japanese is associated with low protein and 
high-carbohydrate intake in diet. The source of protein also 
seems to be an important factor as replacing casein with the 
soy protein in rats, is associated with delayed incidence of 
chronic nephropathies and increased lifespan. 
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Exercise may preserve telomeres and reduce the pace of 
aging 

Song et al. have demonstrated that duration of exercise 
inversely correlates with biomarkers for damage to DNA and 
telomeres and with p16 expression, a biomarker for aging 
human cell. Exercise can reduce harmful fat and help mobilize 
waste products for faster elimination, leading to reduced 
oxidative stress and preservation of DNA and telomeres. 
Werner et al. showed that exercise was associated with 
elevated telomerase activity and suppression of several 
apoptosis proteins, including p53 and p16, in mice. 
Consistently, in humans the leukocytes derived from athletes 
had elevated telomerase activity and reduced telomere 
shortening, relative to nonathletes. Exercise seems to be 
associated with reduced oxidative stress and elevated 
expression of telomere stabilizing proteins and may therefore 
reduce the pace of aging and age-associated diseases. 

5. CONCLUSION 

Telomeres shorten with age and progressive telomere 
shortening leads to senescence and/or apoptosis. Shorter 
telomeres have also been implicated in genomic instability and 
oncogenes. Older people with shorter telomeres have three and 
eight times increased risk to die from heart and infectious 
diseases, respectively. Telomeres, the specific DNA–protein 
structures found at both ends of each chromosome, protect 
genome from nucleolytic degradation, unnecessary 
recombination, repair, and inter chromosomal fusion. 
Telomeres therefore play a vital role in preserving the 
information in our genome. As a normal cellular process, a 
small portion of telomere DNA is lost with each cell division. 
When telomere length reaches a critical limit, the cell 
undergoes senescence and/or apoptosis. Telomere length may 
therefore serve as a biological clock to determine the lifespan 
of a cell and an organism. The search for ageing and longevity 
genes has long been a focus in biomedical research. Since 
telomeres shorten as a function of age in vivo and telomerase 
antagonizes the process of telomere shortening, whether or not 
telomere shortening serves, as a timer with different settings in 
different species to control the onset of cell senescence, and 
thus life span, has been the subject of intense debate.T he 
stress is associated with release of glucocorticoid hormones by 
the adrenal gland. These hormones have been shown to reduce 
the levels of antioxidant proteins and may therefore cause 
increased oxidative damage to DNA and accelerated telomere 
shortening .Telomere is one of the reasons of ageing and 
lifestyle is big factor which influence this shortening of 
telomere. 
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