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Abstract: Last few years there is an evidence of increasing studies done on impact of early life stress and
associated morbidities in later life. One such association was to assess the impact of psychological stress with
respect to ageing. Shorter telomere length is associated with advancing chronological age and also increased
disease morbidity and mortality. In this review, we try understanding about telomeres, early life adverse events,
stress and coping skills and lastly, highlighting the recent empirical evidence linking stress exposure during
childhood with telomere shortening.
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I.  Stress, Coping And Aging

Individuals differ in their psychological and biological responses to stress. In particular, an individual’s
appraisal or assessment of a specific psychological stressor determines their cognitive-emotional response,
which in turn influences their biological response and hence the extent to which the stressor has the potential to
“get under the skin” to influence physical health.! According to the classic Lazarus and Folkman “Transactional
Model of Stress and Coping”, individuals who perceive that a stressor exceeds their resources to cope
effectively will appraise the situation as threatening and exhibit a response characterized by threat-related
cognitions and emotions such as worry and fear. In contrast, individuals who perceive that they have adequate
resources to cope with a stressor will appraise it as challenging and exhibit a response characterized by
challenge related cognitions and emotions such as perceived control and excitement.?

Subsequent research has shown that biological reactions to stressors appraised as threatening differ
from those appraised as challenging, and that the former are associated with more harmful physiological
reactions than are the latter .The biological response to stress involves the coordinated activity of several
systems, including the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic nervous system, and the
immune system. Acute activation of these systems serves to mobilize energy resources and prepare the
individual for coping with stressors. With chronic stress exposure, however, attempts at adaptation can result in
pathological perturbation of endocrine, immune, and metabolic systems.®*

There is possibility that certain psychiatric illnesses are associated with accelerated biological aging at
cellular level. Whereas chronological age is measured in calendar units, biological age is defined
physiologically and is more closely associated with disease processes. “Accelerated biological aging” occurs
when biological age outpaces chronological age.

Il.  Telomeres

Telomeres (from the Greek telos [end] and meros [part]) are DNA-protein complexes at the ends of
chromosomes, composed of tandem TTAGGG repeats ranging from a few to 15 kilobases in length mainly
protecting chromosomes from damage. Telomeres shorten with repeated cell divisions in somatic cells due to
incomplete replication of the telomere ends, replication and nuclease-associated telomeric DNA damage, and/or
chronic exposure to oxidation, certain cytotoxins or inflammation and possibly chronic exposure to the stress
hormones, cortisol and catecholamine.® When telomeres reach a critically short length, cells undergo replicative
senescence or can become genomically unstable.

Leukocyte telomere length generally decreases progressively over the lifespan, with estimates of
average attrition rate ranging between 14 to 103 base pairs (bp) per year (weighted mean of 21.9 bp per year) in
cross-sectional studies, and between 32.2 to 45.5 bp per year (weighted mean of 40.7 bp per year) in
longitudinal studies.” Some individuals maintain and may even lengthen average LTL for some periods. The
reasons for this are unknown, but relatively long telomeres tend to shorten over time, and relatively short
telomeres tend to lengthen over time, possibly due to the preferential recruitment of reparative mechanisms such
as telomerase activity (TA).?

Telomere length can be maintained by the enzyme telomerase, a ribonucleoprotein reverse transcriptase
mainly expressed in stem cells, germ cells, and regenerating tissues. However, there is insufficient telomerase in
somatic cells to indefinitely maintain telomere length, and most tissues have very low telomerase levels.
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Consequently, telomeres shorten with age in most somatic tissues, and telomere length can serve as a kind of
biological counter, ticking off the passage of time with each cell division.” Telomere shortening is also
influenced by recombination, epigenetic regulation, and genetic factors, as well as oxidative stress, and

the ability of telomerase to counteract these influences is limited. There are some studies linking shorter LTL
with premature mortality.™

I11.  Telomeres And Stress

Chronic or excessive activation of these stress-responsive systems may also result in telomere
shortening. In replicating somatic cells, telomeres shorten progressively with each cell division, ultimately
leading to replicative senescence, and exposure to stressors can hasten telomere shortening and lead to
premature cell senescence.™ Shortened leukocyte telomere length has been linked to morbidity and mortality of
age-related illnesses.'*® Several genes and proteins that regulate telomere length have been identified™ , and
telomere shortening is also induced by physiologic stressors such as exposure to radiation and toxins *°,
oxidative stress.’ Of particular relevance to psychiatric disorders are recent findings in humans of an
association between psychological stress and shortened leukocyte telomere length.

IV.  Telomeres and its relation with early life stress

Rates of telomere shortening are fastest during infancy and early childhoo , and regulation of
telomere length may be programmed in early development™. In humans, childhood maltreatment is a common
form of early adversity, and is a major risk factor for a range of adverse outcomes, including major depression,
anxiety disorders, and substance abuse?*?. That early life experiences have enduring sequelae has been a central
tenet of psychiatry for over a century. Initial formulations of this idea emphasized clinical implications,
particularly in classical psychoanalytic theory, and it is now well documented that childhood adversity increases
risk for major depression (MDD), bipolar disorder, anxiety disorders, substance disorders, schizophrenia, eating
disorders, personality disorders, and suicidality.*

More recently, an etiological role for early-life stress has been documented for several prevalent
somatic conditions, including irritable bowel syndrome?®, fibromyalgia®*, chronic fatigue syndrome®, obesity?®,
migraine?’, and chronic pain”®. These disorders have in common an unclear, perhaps multi-factorial etiology and
pathophysiology.

However, some investigators suggest that early environmental factors can also impact the risk for
conditions generally thought to have a relatively clear pathogenesis, such as cardiovascular disease and type 2
diabetes®. Indeed, individuals with a history of early life stress show increased risk for premature death, with
one recent study reporting that adults with six or more adverse childhood experiences died nearly 20 years
earlier than those without.®* Tyrka et al.®* offered the first evidence linking early-life stress with reduced
telomere length, in a study of physically and psychiatrically healthy adults with (N=10) or without (N=21) a
reported history of childhood maltreatment. Eight other studies have since appeared examining this issue, a
remarkable number given the short time interval. In response to Tyrka et al., Glass et al.** presented data on
adults from the Twins UK cohort in which they detected no difference in telomere length between individuals
who endorsed childhood sexual (N=34) or physical abuse (N=20) compared to those who did not (N=516 and
520, respectively). However, Kananen et al.** confirmed an association of shorter telomere length with
increasing number of reported childhood adverse life events in N=974 adults in the Finnish Health 2000 project,
even absent a relationship with current psychological distress or anxiety disorder diagnosis. Kiecolt-Glaser et
al.®* reported that shorter telomeres were associated with multiple childhood adversities in a study comprising
dementia family caregivers (N=58) and controls (N=74). Surtees et al.**, studying 4,441 women in the UK
European Prospective Investigation into Cancer (EPIC)-Norfolk database, found that shorter telomeres
correlated with increased reported childhood adverse experiences, although not with current social adversity or
emotional health.

In the first study to show effects of early adversity on telomere length in children, Drury et al.*® found
that greater time spent in institutional care correlated with reduced buccal cell telomere length in 100 children
aged 6-10 years in the prospective Bucharest Early Intervention Project. Extending the period of vulnerability,
Entringer et al.*” demonstrated that maternal experience of severe psychosocial stress during pregnancy was
associated with shorter telomeres in young adult offspring (N=45) vs. controls (N=49). In the only prospective
longitudinal study thus far, involving 236 children tested at age 5 and again at age 10 years.

However many subject-level variables, such as age, sex, genetic polymorphisms, ‘“resiliency,”
education, history of early life adversities, parental responsiveness, socioeconomic status, health behaviors, diet,
and latent or active viral infections (e.g., cytomegalovirus or herpes virus) may affect LTL, independent of the
disease process being studied®*®.Other potentially important confounds in interpreting LTL in psychiatric
illnesses are psychiatric and medical co-morbidities. Many psychiatric diagnoses has a high co-morbidity with
secondary psychiatric illnesses such as substance abuse, various anxiety disorders, and PTSD.*
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Biological abnormalities seen in certain psychiatric conditions (e.g. inflammation, oxidative stress and
perhaps changes in steroids or in biogenic amine activity) are associated with, and may cause, telomere
shortening.* Since such biochemical abnormalities cut across traditional psychiatric diagnoses*®“®, telomere
shortening may be related to specific biological processes or endophenotypes more than to specific diagnostic
categories, although this remains to be adequately tested. This could help explain the inconsistency of LTL
findings in specific diagnostic groups and the heterogeneity of findings among different diagnostic groups.

V.  Conclusion
Psychosocial stress in childhood was associated with shorter telomere length in more than 90% studies,
although other find negative association among them. It is also possible that certain psychiatric illnesses and
telomeres length shortening are related to third factors common to both, rather than being directly causally
related (e.g., poor sleep, poor nutrition, insufficient exercise, cigarette smoking).**** As it’s a upcoming research
area there is still a need for many longitudinal studies to find the association of childhood stress and its impact
on life span.
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