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Telomeres are repetitive stretches of DNA and proteins found at the ends of all chromosomes,
from worms to humans, whose main function is to protect a cell’s nuclear material from
damage. With each cell division, telomeres become progressively shorter, limiting the number
of times a cell can divide. When the length of telomeres reaches a critically short length, the
cells stop dividing and enter a state of cell arrest (i.e., senescence), which is one of the
hallmarks of aging. The length of telomeres can be maintained by an enzyme, telomerase,
which adds DNA bases to the end of chromosomes. Most cells, however, lack sufficient
telomerase, and as a consequence, their telomeres become shorter over time. Some cells,
such as stem cells, can maintain the ability to multiply throughout life by maintaining high
levels of telomerase, while most other cells will eventually die with passage of time.

Ever since the discovery of telomeres and telomerase in the late 1970s/early 1980s, telomeres
have become increasingly researched, first as a mechanism of cellular aging and later as an
overall indicator of health in humans. Both telomere length and rate of shortening vary as a
function of genes, developmental stage, gender, and ethnicity, which may relate to the
differential incidence of certain diseases between populations. In older populations, shorter
telomeres are associated with increased rates of cancer, cardiovascular disease, and all-
cause mortality. Current research focuses on how personal and environmental determinants
of health affect telomeres (i.e., by lengthening or shortening) and how these effects are
translated to changes in health at the individual level. With that, this entry summarizes the
relationship between telomeres and overall health by expanding on the dynamics of telomere
change across the life span.

Telomeres at Birth

Although they are composed of DNA, telomeres are not like genes because they do not code
for proteins. Their length varies between chromosomes and between cells and continually
changes within individuals across the life span. Telomere length also varies at birth between
individuals as a result of heritable factors (genes). In healthy populations, studies point to
significant heritability levels for telomere length, estimated at 70%. In some diseases, such as
in dyskeratosis congenita, a rare genetic syndrome characterized by premature aging and
early mortality, telomeres shorten very rapidly as a result of inherited mutations in the gene
that codes for telomerase.

The overall mode of inheritance is complicated and unique for mothers and fathers. Some
genetic factors involved in telomere maintenance are inherited from mothers, likely through
genes encoded on the X chromosome, mitochondrial DNA (inherited exclusively from the
mother), or through other genomic modifications. Fathers’ influence manifests through a
paternal-age-at-conception effect, such that the older the father is at conception, the longer
the telomeres are in offspring. This effect may be cumulative across generations, as paternal
grandfather’s age at the time of father’s conception is also significantly related to telomere
length in the grandchild two generations later, independent of the paternal age effect. One
potential explanation for this phenomenon is the sperm cell’s unique ability to increase
telomere length across the life span through increased telomerase activity. Despite the strong
genetic influence on telomere length before birth, empirical studies have supported
environmental and behavioral factors across the life span as the dominant influence on
telomeres. These factors begin in utero before the baby is born and continue across the life
span.
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Infancy and Childhood

Telomeres prove to be sensitive to adversity and predictive of health, which has resulted in
their regard as a biological clock for studying accumulated cellular aging throughout the life
course. For example, stress experienced by mothers during pregnancy can significantly
impact umbilical cord telomere length already at birth, where higher maternal stress is
associated with newborns’ shorter telomeres. These changes can be long-lasting, as
complications before, during, or immediately after birth are linked with both shorter telomere
length and older perceived facial aging in adulthood, independent of known risk factors. Such
findings highlight how stress experienced very early in life resonates across the life span to
shorten telomeres, accelerate aging, and impair health in adulthood.

Studies have continually reported the negative impacts of environmental adversity on telomere
length during childhood. For example, children growing up in poor-quality institutional care
are reported to have shorter telomeres in middle childhood than their better cared for
counterparts. In another study, children exposed to multiple kinds of violence (e.g., domestic
violence, bullying, and physical abuse) between age 5 and 10 years showed significantly
more telomere shortening over time (i.e., by age 10) than did other children. These same
conditions of early-life adversity are also associated with increased incidence rates of
childhood obesity, asthma, and mental health problems such as post-traumatic stress
disorder, depression, and anxiety, which can further impact the rate of telomere shortening.

Young and Midlife Adults

Telomeres continue to change during adulthood, although at a slower rate compared with
early infancy and childhood. Yet, negative lifestyle behaviors, including smoking, poor diet,
and irregular sleep, as well as mental and physical diseases, can lead to and accelerate the
rate of telomere shortening in adulthood. For example, unhealthy behaviors in adulthood can
result in detrimental outcomes, such as the causal links between poor diet, obesity, and
diabetes, as well as the association between smoking and cancer. All of these conditions, in
turn, have been related to shorter telomeres. Cancer especially is unique when it comes to
telomeres. On the one hand, the ability of tumor cells to continually divide at a rapid pace is a
result of very long telomeres maintained through increased telomerase activity. Between 80%
and 90% of tumor cells express high levels of telomerase. On the other hand, the presence of
shorter telomeres is also a hallmark of several types of cancer such as lymphoma, bladder
cancer, and lung cancer. Critically short telomeres signal metabolic changes that can lead to
the development of cancer. Thus, both very long telomeres as well as critically short ones can
be indicative of cancer and deleterious to health.

While unhealthy behaviors can damage telomeres, positive health behaviors can buffer
telomere loss. Mindfulness meditation, the act of focusing one’s thoughts on the present
which is often used to counter anxiety, is associated with increased efficiency of telomere
maintenance, likely through increased telomerase activity, suggesting a protective effect on
the rate of telomere shortening. The association between mindfulness and telomerase activity
is mediated by changes in feelings of perceived control and neuroticism, highlighting the
relationship between psychological and physical well-being. Relatedly, psychological stress,
such as caring for a chronically sick child or loved one, is associated with shorter telomeres.

Older Adults
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The strength of telomeres as an indicator of health and life span is most actively debated in
the field of gerontology. It is still not clear whether telomere shortening functionally causes
accelerated development processes or whether telomeres are influenced by these same
processes. Based on measurements in white blood cells, some, but not all, studies have
found inverse relationships between telomere length and mortality, such that shorter
telomeres are associated with higher mortality rates. Others find stronger relationships with
immune markers and mortality as opposed to telomeres. It could be that shorter telomere
length is an effect of higher inflammation and both could be the markers of poor health
quality.

Large-scale population studies have nevertheless found significant associations between
short telomere length and all-cause mortality. In support of this, incidence rates of aging-
related health conditions (e.g., cardiovascular disease, diabetes, and stroke) have been
shown to be associated with shorter telomeres, independent of conventional risk factors.
Furthermore, the relatively long telomeres found in centenarians (individuals living 100 years
or more) are associated with above-average longevity and increased cognitive function. These
individuals also display decreased incidence of physically taxing conditions such as obesity,
diabetes, and heart disease.

Future Directions

The continued development of telomere science has opened exciting new opportunities to
study health and wellness across the life span. Notably, stress in its various forms is
suggested as influencing the rate of telomere shortening throughout life, and thus,
understanding how stressors are biologically embedded to shorten telomeres, and how this
shortening in turn is related to impaired health, is of great interest and importance. Such an
understanding can inform clinical treatments and intervention efforts to reduce or even
reverse the damaging effects of stress on aging processes. For example, telomere length
could be used as a diagnostic tool in clinical settings to assess overall health quality. Once
informed of their length and the meaning behind it, individuals could be empowered/motivated
to alter poor lifestyle behaviors to mitigate telomere loss to improve health and well-being.
Future progress will require advancing methodological measurement techniques currently
employed by scientists investigating telomeres. Because telomere length can vary between
the same chromosome of different cells and between different chromosomes of the same cell,
and as telomere-induced senescence may rely on a few (or even single) critically short
telomeres, future research will benefit from high-resolution and ideally high-throughput
techniques. Further, while empirical evidence suggests telomere length to be correlated
across different cell types of the same individual, new knowledge can emerge by measuring
telomeres within specific types of cells and chromosomes.

See alsoAging; Cancer; Genetics; Stress; Well-Being
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