
695 Available Online at www.ijscia.com | Volume 5 | Issue 4 | Jul – Aug 2024  
  

 
 

 
 
 

 

The Role of Telomere Length in Stress-related Aging  
and its Implications for Mental Health 

 

Nkechinyere Mary Harry MD1*, Ibrahim Lanre Folorunsho MD2,  
Daniel Chidiebere Udegbe MD3, and Dafe Jessa MD4 

 
1Vinnytsia National Pirogov Medical University, Vinnytsia Oblast, Ukraine 

 
2General Directorate of Health Affairs, Najran, Saudi Arabia, 12271 

 
3Godfrey Okoye University Teaching Hospital, Enugu State, Nigeria 

 
4Menninger Department of Psychiatry and Behavioral Sciences 

Baylor College of Medicine, Houston, Texas 
 

*Corresponding author: Nkechinyere Mary Harry MD; Nkechinyereharry@gmail.com 
 

ABSTRACT 
Telomeres, the protective caps at chromosome ends, have emerged as crucial biomarkers of cellular aging and 
potential mediators of stress-induced physiological decline. This review synthesized current evidence on how 
chronic stress and various mental health conditions are associated with accelerated telomere shortening, 
potentially serving as a biological mechanism linking psychological distress to cellular aging and increased risk 
of age-related diseases. Research studies showed that major depressive disorder, post-traumatic stress 
disorder, and anxiety disorders have been consistently linked to shorter telomeres, while findings for bipolar 
disorder and schizophrenia remain mixed. The review explored the biological mechanisms underlying stress-
induced telomere attrition, including oxidative stress, inflammation, and dysregulation of the hypothalamic-
pituitary-adrenal axis. It critically evaluated telomere length as a potential biomarker for stress-related aging 
and mental health disorders, assessing its reliability and clinical relevance. The review also examined 
interventions targeting telomere biology, including lifestyle modifications, stress reduction techniques, and 
pharmacological approaches. These interventions showed promise in mitigating the effects of stress-related 
aging and improving mental health outcomes. However, methodological challenges and high inter-individual 
variability currently limit the clinical utility of telomere length assessment. Ethical implications of telomere-
based interventions and diagnostics were also discussed, including issues of privacy, potential discrimination, 
and the blurring lines between treatment and enhancement. 
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INTRODUCTION  
The interplay between biological aging, stress, and 
mental health has become a central focus of scientific 
inquiry in recent years. At the core of this intricate 
relationship lies a microscopic structure with 
profound implications for cellular longevity and 
overall health: the telomere. Telomeres, the 
protective caps at the ends of chromosomes, have 
emerged as crucial biomarkers of cellular aging and 
potential mediators of stress-induced physiological 
decline (Herrmann et al., 2018). Telomeres are 
repetitive DNA sequences located at the termini of 
linear chromosomes, serving as protective structures 
that prevent the loss of genetic information during cell 
division. These nucleoprotein complexes play a vital 
role in maintaining genomic stability and cellular 
function. With each cell division, telomeres naturally 
shorten due to the end-replication problem, 
eventually leading to cellular senescence or 
apoptosis when telomeres reach a critical length 
(Wang et al., 2021). 

 
 
The balance between telomere attrition and 
telomerase activity has become a key focus in aging 
research and has implications for various age-related 
diseases, including cancer and degenerative 
disorders. Recent studies have shed light on the 
complex regulation of telomere length and its 
association with cellular health and longevity (Ullah et 
al., 2022). The relationship between stress and aging 
has long been recognized, with chronic stress being 
associated with accelerated biological aging and 
increased risk for age-related diseases. Stress, 
whether psychological or physiological, triggers a 
cascade of neuroendocrine responses, primarily 
through the activation of the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic nervous 
system. These stress response systems, while 
adaptive in the short term, can have deleterious 
effects on cellular function and organismal health 
when chronically activated (Leblanc et al., 2020).
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Recent research has continued to explore the link 
between psychological stress and accelerated 
telomere shortening in humans. Studies have 
revealed associations between various forms of 
stress exposure (e.g., childhood adversity, work-
related stress, and traumatic life events) and 
telomere length (Mayer et al., 2019; Naicker et al., 
2022). The mechanisms underlying stress-induced 
telomere attrition are multifaceted and likely involve 
increased oxidative stress, inflammation, and 
dysregulation of the HPA axis (Lindqvist et al., 2022). 
The implications of stress-related telomere 
shortening extend beyond cellular aging, potentially 
influencing mental health outcomes. Mental health 
disorders, particularly depression and anxiety, have 
been associated with accelerated cellular aging and 
shortened telomeres (Huang et al., 2022). This 
relationship appears to be bidirectional, with 
psychological distress potentially contributing to 
telomere attrition, and shortened telomeres possibly 
increasing vulnerability to mental health disorders 
(Malouff & Schutte, 2019). 
 
The potential role of telomere biology in mental 
health has sparked interest in telomere-based 
interventions for both prevention and treatment of 
psychological disorders. Lifestyle factors such as 
exercise, meditation, and dietary interventions have 
shown promise in maintaining or even lengthening 
telomeres (Astuti et al., 2020; Kroenke et al., 2022). 
Moreover, some psychotherapeutic approaches and 
pharmacological treatments for mental health 
disorders have been associated with changes in 
telomere length or telomerase activity (Verhoeven et 
al., 2021). Despite the growing body of research 
linking telomere length, stress, and mental health, 
many questions remain unanswered. The causal 
relationships between these factors are not fully 
elucidated, and the clinical significance of telomere 
length as a biomarker for mental health outcomes 
requires further investigation. Additionally, the 
potential for telomere-targeted interventions in 
mental health treatment is an exciting but nascent 
field that warrants rigorous scientific inquiry. 
 
This literature review aims to synthesizes current 
evidence on the relationship between telomere 
length, stress-related aging, and mental health 
outcomes. It will explore the biological mechanisms 
through which stress influences telomere attrition 
and discusses the implications for mental health. The 
review will critically evaluate telomere length as a 
potential biomarker for stress-related aging and 
mental health disorders, assessing its reliability and 
clinical relevance. Furthermore, it will examine the 
potential of interventions targeting telomeres in 
preventing and treating mental health disorders. By 
synthesizing the existing knowledge on telomere 
biology, stress-related aging, and mental health, this 
review seeks to provide a comprehensive 
understanding of the intricate relationships between 
these factors. The insights gained from this review 
may inform future research directions and potentially 
contribute to the development of novel strategies for 
promoting mental health and resilience in the face of 
stress-related aging. 

TELOMERE BIOLOGY 
Telomeres, the specialized structures at the ends of 
linear chromosomes, play a crucial role in 
maintaining genomic stability and cellular longevity. 
Telomeres consist of repetitive DNA sequences 
(TTAGGG in vertebrates) and associated proteins, 
collectively known as the shelterin complex (Zhang 
et al., 2019). This nucleoprotein structure forms a 
protective cap that prevents the chromosome ends 
from being recognized as double-strand breaks, thus 
safeguarding against unwarranted DNA damage 
responses and chromosomal fusions (Cleal & Baird, 
2020). The shelterin complex comprises six core 
proteins: TRF1, TRF2, POT1, TIN2, TPP1, and RAP1. 
These proteins work in concert to maintain telomere 
integrity and regulate telomere length. TRF1 and 
TRF2 bind directly to double-stranded telomeric 
DNA, while POT1 interacts with single-stranded 
overhang. TIN2 acts as a central scaffolding protein, 
connecting TRF1 and TRF2 to the TPP1-POT1 
complex. RAP1 associates with TRF2 and plays a role 
in telomere length regulation and end protection 
(Lim et al., 2020). Recent studies have revealed that 
telomeres form complex three-dimensional 
structures called t-loops, where the single-stranded 
overhang invades the double-stranded telomeric 
region. This configuration further contributes to 
telomere protection by sequestering the chromosome 
end (Vancevska et al., 2017). 
 
Telomere shortening is a natural consequence of cell 
division due to the end-replication problem, where 
DNA polymerase cannot fully replicate the lagging 
strand of linear DNA molecules. This results in the loss 
of 50-200 base pairs per cell division, gradually 
eroding telomeres over time (Wang et al., 2021). 
Telomere attrition can be accelerated by several 
interconnected factors. Oxidative stress, particularly 
from mitochondrial dysfunction, causes DNA damage 
in telomeric regions rich in guanine (Sprung et al., 
2020). Chronic inflammation enhances oxidative 
stress and cellular turnover, contributing to telomere 
shortening (Kuo et al., 2019). Environmental stressors 
like pollution, UV radiation, and psychological stress 
have been linked to accelerated telomere attrition, 
with air pollution showing a dose-dependent 
relationship to shorter telomeres (Lee et al., 2021). 
Genetic factors also play a role, as genome-wide 
association studies have identified various genetic loci 
associated with telomere length (Haycock et al., 
2017). These factors often interact, collectively 
influencing the rate of telomere shortening and, 
consequently, cellular aging. 
 
Telomerase, a specialized reverse transcriptase 
comprising TERT and TERC components, counteracts 
telomere shortening by adding telomeric repeats to 
chromosome ends (Nguyen et al., 2019). Its activity is 
regulated through multiple complex mechanisms. 
Transcriptional control of TERT expression involves 
novel transcription factors and epigenetic 
modifications, such as GABPA activating TERT 
transcription in cancer cells with specific promoter 
mutations (Mancini et al., 2018). Post-transcriptional 
regulation includes alternative splicing and non-
coding RNA interactions, exemplified by TERRA's role 
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in regulating TERT localization and activity (Chu et al., 
2017). Post-translational modifications, like AKT-
mediated phosphorylation, modulate TERT stability, 
localization, and activity (Yuan et al., 2019). The 
shelterin complex, particularly TPP1 and POT1, 
regulates telomerase access to telomeres 
(Hockemeyer & Collins, 2015). Telomerase activity 
also fluctuates throughout the cell cycle, peaking 
during S phase, with CDK1-mediated phosphorylation 
of TERT playing a crucial role (Vogan et al., 2016). This 
multifaceted regulation ensures precise control of 
telomerase activity in various cellular contexts. 
 
STRESS AND TELOMERE LENGTH 
The relationship between stress and telomere length 
has emerged as a critical area of research in 
understanding the biological mechanisms 
underlying stress-related aging and its impact on 
health. Stress is a multifaceted physiological and 
psychological response to challenging or threatening 
stimuli. Psychological stress encompasses cognitive 
and emotional reactions to perceived threats or 
demands, while physiological stress involves the 
body's physical responses to stressors (Epel et al., 
2018). The stress response is mediated primarily 
through the hypothalamic-pituitary-adrenal (HPA) 
axis and the sympathetic nervous system, resulting 
in the release of stress hormones such as cortisol and 
catecholamines (Sapolsky, 2015). 
 
Acute stress can be adaptive, promoting survival and 
performance in challenging situations. However, 
chronic or prolonged stress can have detrimental 
effects on physical and mental health. Chronic stress 
has been associated with various health issues, 
including cardiovascular diseases, metabolic 
disorders, and mental health problems (Cohen et al., 
2019). A growing body of evidence suggests that 
chronic stress is associated with accelerated 
telomere shortening, potentially serving as a 
biological mechanism linking stress to age-related 
diseases and mortality. 
 
Epel et al. (2004) conducted a seminal study 
examining the relationship between perceived stress 
and telomere length in a sample of healthy 
premenopausal women. They found that women 
with higher levels of perceived stress had 
significantly shorter telomeres compared to those 
with lower stress levels. This study was among the 
first to demonstrate a direct link between 
psychological stress and cellular aging. Subsequent 
research has corroborated and expanded upon these 
findings. A meta-analysis by Schutte and Malouff 
(2016) synthesized data from 22 studies and found a 
significant negative correlation between perceived 
stress and telomere length across diverse 
populations. The association was stronger in studies 
with older participants, suggesting that the effects of 
stress on telomere length may accumulate over time. 
Research has linked various types of chronic 
stressors to telomere shortening. Childhood 
adversity, including maltreatment, has been 
associated with shorter telomeres in adulthood 
(Ridout et al., 2018). Caregiver stress, particularly 
among those caring for Alzheimer's patients, has 

been shown to accelerate telomere shortening 
(Damjanovic et al., 2007). Work-related stress, such 
as high job strain and effort-reward imbalance, has 
been linked to telomere attrition in female nurses 
(Parks et al., 2011). Additionally, traumatic stress, 
exemplified by post-traumatic stress disorder 
(PTSD), has been correlated with accelerated cellular 
aging, with PTSD severity negatively associated with 
telomere length in combat veterans (O'Donovan et 
al., 2011). These findings collectively demonstrate 
the diverse range of chronic stressors that can 
impact telomere length and potentially accelerate 
biological aging. 
 
Chronic stress-induced telomere attrition is thought 
to occur through several interconnected 
mechanisms. Psychological stress can increase 
oxidative stress, leading to DNA damage, particularly 
in telomeres due to their high guanine content 
(Coluzzi et al., 2019). Chronic stress also elevates 
pro-inflammatory cytokines, promoting telomere 
shortening through increased cellular turnover and 
oxidative stress (Blackburn & Epel, 2012; Révész et 
al., 2014). Dysregulation of the HPA axis, resulting in 
altered cortisol patterns, has been associated with 
shorter telomeres (Tomiyama et al., 2012). Stress 
may suppress telomerase activity, compromising 
telomere maintenance (Epel et al., 2010). 
Additionally, stress-induced epigenetic changes can 
affect the expression of genes involved in telomere 
maintenance (Notterman & Mitchell, 2015). These 
mechanisms collectively contribute to the complex 
relationship between chronic stress and accelerated 
telomere shortening, potentially explaining the 
biological pathway linking stress to cellular aging 
and related health outcomes. 
 
TELOMERE LENGTH AS A BIOMARKER OF AGING  
Telomere length has emerged as a promising 
biomarker of aging, supported by several lines of 
evidence. Numerous studies have demonstrated a 
strong inverse relationship between telomere length 
and chronological age across various tissues and cell 
types. A meta-analysis by Müezzinler et al. (2013) 
found a consistent age-dependent telomere 
shortening rate in human leukocytes, estimating an 
average decrease of 20-30 base pairs per year. 
Shorter telomeres have also been linked to an 
increased risk of various age-related diseases. 
Haycock et al. (2014) conducted a large-scale meta-
analysis showing that individuals with shorter 
telomeres had a higher risk of coronary heart 
disease, while Ma et al. (2011) found an association 
between shorter telomeres and an increased risk of 
cancer in a prospective study. 
 
The predictive power of telomere length extends to 
mortality risk. In a meta-analysis of 25 studies, Wang 
et al. (2018) found that individuals with shorter 
telomeres had a significantly higher risk of all-cause 
mortality compared to those with longer telomeres. 
Importantly, telomere attrition is directly linked to 
cellular senescence, a hallmark of aging (López-Otín 
et al., 2013). As cells approach their replicative limit, 
critically short telomeres trigger a DNA damage 
response, leading to cell cycle arrest or apoptosis.
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This mechanism provides a direct link between 
telomere length and cellular aging processes. 
Furthermore, telomere length has been shown to be 
modifiable by various lifestyle factors associated 
with aging. For example, Puterman et al. (2018) 
demonstrated that a three-month lifestyle 
intervention including diet, exercise, stress 
management, and social support led to increased 
telomerase activity and telomere length. 
 
Despite the compelling evidence supporting 
telomere length as an aging biomarker, several 
limitations and controversies have been identified. 
Telomere length can vary significantly between 
different tissues and cell types within the same 
individual. Most studies measure telomere length in 
leukocytes due to ease of access, but this may not 
accurately reflect telomere length in other tissues 
(Demanelis et al., 2020). Different methods of 
measuring telomere length can yield varying results, 
making cross-study comparisons challenging. Martin-
Ruiz et al. (2015) found significant inter-laboratory 
variability in telomere length measurements, 
highlighting the need for standardized protocols. 
Telomere length can also fluctuate over short periods 
due to acute stressors or interventions, potentially 
limiting its reliability as a long-term aging biomarker. 
Lin et al. (2016) observed significant short-term 
variability in telomere length measurements, 
suggesting caution in interpreting single time-point 
assessments. Additionally, telomere length is 
influenced by both environmental factors and genetic 
predisposition. Genome-wide association studies 
have identified multiple genetic loci associated with 
telomere length, complicating its interpretation as a 
pure measure of biological aging (Codd et al., 2013). 
Some researchers argue that telomere attrition may 
be a marker of cellular stress rather than a direct 
driver of aging (Simons, 2015). 
 
To better understand the utility of telomere length as 
an aging biomarker, it is essential to compare it with 
other proposed biomarkers. DNA methylation-based 
epigenetic clocks, such as the Horvath clock, have 
shown strong correlations with chronological age 
and age-related outcomes (Horvath, 2013). A study 
by Chen et al. (2017) found that epigenetic age 
acceleration outperformed telomere length in 
predicting all-cause mortality. Proteomic signatures 
have also emerged as promising aging biomarkers. 
Lehallier et al. (2019) identified a panel of plasma 
proteins that accurately predicted chronological age 
and were associated with various age-related 
conditions. Metabolomic profiles have been explored 
as well, with Hertel et al. (2016) demonstrating that 
a set of metabolites could predict chronological age 
with high accuracy and was associated with 
functional decline in older adults. Some researchers 
argue that combining multiple biomarkers may 
provide a more comprehensive assessment of 
biological age. For example, the "epigenetic clock" 
combined with traditional clinical biomarkers has 
shown improved predictive power for age-related 
outcomes (Levine et al., 2018).  
 
 

STRESS-RELATED AGING AND MENTAL HEALTH  
The relationship between stress, cellular aging, and 
mental health has become a focal point of research in 
recent years. Stress-related mental health disorders 
encompass a range of conditions that are influenced 
by or exacerbated by chronic stress. These include 
major depressive disorder (MDD), anxiety disorders, 
PTSD, and bipolar disorder. Chronic stress has been 
implicated in the etiology and progression of these 
disorders, potentially through its impact on cellular 
aging processes (Epel & Prather, 2018). 
 
MDD has been consistently associated with 
accelerated cellular aging and shortened telomeres. 
A meta-analysis by Schutte and Malouff (2015) found 
a significant negative correlation between 
depression and telomere length across 38 studies. 
The association appeared to be stronger in studies 
with older participants and those with more severe 
depressive symptoms. Lin et al. (2016) reported that 
individuals with MDD had significantly shorter 
telomeres compared to healthy controls, with an 
estimated difference equivalent to 4-6 years of 
accelerated cellular aging. 
 
Research on anxiety disorders and telomere length 
on the other hand has yielded mixed results. Malouff 
and Schutte (2017) conducted a meta-analysis of 17 
studies and found a small but significant association 
between anxiety and shorter telomeres. However, 
the relationship appeared to be moderated by the 
type of anxiety disorder and measurement method. 
Generalized anxiety disorder (GAD) showed a 
stronger association with telomere shortening 
compared to other anxiety disorders (Verhoeven et 
al., 2015). 
 
PTSD has been consistently linked to accelerated 
cellular aging and telomere attrition. A meta-analysis 
by Li et al. (2017) found that individuals with PTSD 
had significantly shorter telomeres compared to 
controls without PTSD. The association was 
particularly strong in studies with combat-related 
PTSD. Longitudinal research by Bersani et al. (2016) 
demonstrated that PTSD symptom severity was 
negatively correlated with telomere length over 
time, suggesting a dose-response relationship 
between trauma exposure and cellular aging. 
 
Studies on bipolar disorder and telomere length 
have produced mixed findings. Barbé-Tuana et al. 
(2016) reported shorter telomeres in individuals 
with bipolar disorder compared to healthy controls, 
with the effect being more pronounced in those with 
a longer duration of illness. However, a meta-
analysis by Colpo et al. (2015) found no significant 
difference in telomere length between bipolar 
patients and controls, highlighting the need for 
further research in this area. 
 
Emerging research has explored the relationship 
between telomere length and other mental health 
disorders. Schizophrenia has been associated with 
accelerated telomere shortening in some studies 
(Polho et al., 2015), although findings have been 
inconsistent. 
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Borderline personality disorder has also been linked 
to shorter telomeres, particularly in individuals with 
a history of childhood trauma (Boeck et al., 2018). 
 
Several interconnected biological mechanisms may 
underlie the association between telomere attrition 
and mental health disorders. Chronic stress and 
mental health disorders are associated with 
increased oxidative stress and inflammation, both of 
which can contribute to telomere shortening. 
Lindqvist et al. (2015) proposed that oxidative stress 
and inflammation act as mediators between 
psychiatric disorders and accelerated cellular aging. 
Pro-inflammatory cytokines, such as IL-6 and TNF-α, 
have been shown to downregulate telomerase 
activity and promote telomere erosion (Wolkowitz 
et al., 2011). 
 
Dysregulation of the HPA axis is a common feature of 
many stress-related mental health disorders. 
Chronic activation of the HPA axis can lead to 
elevated cortisol levels, which have been associated 
with telomere shortening. Révész et al. (2014) found 
that dysregulated cortisol patterns mediated the 
relationship between depression and shorter 
telomeres. Emerging evidence suggests that 
mitochondrial dysfunction may play a role in both 
psychiatric disorders and telomere attrition. Picard 
et al. (2018) proposed a bi-directional relationship 
between mitochondrial function and telomere 
length, with mitochondrial dysfunction potentially 
contributing to telomere shortening and vice versa. 
Stress-induced epigenetic changes may influence 
both telomere maintenance and the development of 
mental health disorders. Childhood adversity, a risk 
factor for various psychiatric conditions, has been 
associated with both DNA methylation changes and 
telomere shortening (Provenzi et al., 2018). Brain-
derived neurotrophic factor (BDNF), implicated in 
the pathophysiology of several mental health 
disorders, has also been linked to telomere biology. 
Martinsson et al. (2016) found that lower BDNF 
levels were associated with shorter telomeres in 
patients with bipolar disorder, suggesting a potential 
shared pathway. 
 
INTERVENTIONS TARGETING TELOMERE LENGTH  
The growing understanding of telomere biology and 
its implications for health and aging has led to 
increased interest in interventions targeting telomere 
length. Lifestyle interventions have shown promise in 
influencing telomere length and telomerase activity. 
Diet plays a crucial role in telomere maintenance, with 
several studies highlighting the benefits of specific 
dietary patterns. A Mediterranean diet, rich in fruits, 
vegetables, whole grains, and healthy fats, has been 
associated with longer telomeres. Crous-Bou et al. 
(2014) found that greater adherence to a 
Mediterranean diet was associated with longer 
telomeres in women, with an effect equivalent to 4.5 
years of reduced aging. Similarly, consumption of 
specific nutrients, such as omega-3 fatty acids, has 
been linked to telomere preservation. Kiecolt-Glaser 
et al. (2013) reported that omega-3 supplementation 
reduced oxidative stress and increased telomerase 
activity in overweight, middle-aged adults. 

Physical exercise has emerged as a potent 
intervention for telomere maintenance. A meta-
analysis by Mundstock et al. (2015) found a positive 
association between physical activity and telomere 
length across various populations. The effects 
appear to be dose-dependent, with more intense and 
frequent exercise associated with greater telomere 
preservation. Tucker (2017) observed that adults 
with high levels of physical activity had significantly 
longer telomeres compared to those with low 
activity levels, corresponding to a biological aging 
advantage of approximately 9 years. 
 
Stress reduction techniques have also shown 
potential in influencing telomere biology. 
Mindfulness meditation and yoga practices have 
been associated with increased telomerase activity 
and reduced stress-related cellular aging. Epel et al. 
(2016) reported that a three-week intensive 
meditation retreat led to increased telomerase 
activity in peripheral blood mononuclear cells. 
Similarly, Tolahunase et al. (2017) found that a 12-
week yoga and meditation intervention resulted in 
increased telomerase activity and reduced oxidative 
stress markers in healthy individuals. 
 
Pharmacological approaches to telomere 
maintenance are an area of active research, although 
most studies are still in preclinical stages. Some 
existing medications have shown potential effects on 
telomere biology. For instance, statins, commonly 
used to lower cholesterol, have been associated with 
slower telomere attrition. Boccardi et al. (2013) 
observed that long-term statin use was associated 
with longer telomeres in a cohort of elderly 
individuals. Metformin, a diabetes medication, has 
also shown promise in influencing telomere length. 
Bannister et al. (2014) reported that metformin use 
was associated with reduced risk of several age-
related diseases and mortality, potentially through 
its effects on cellular aging processes, including 
telomere maintenance. 
 
Novel pharmacological interventions specifically 
targeting telomerase are under investigation. TA-65, 
a purified extract of Astragalus membranaceus root, 
has been shown to activate telomerase in vitro. 
Harley et al. (2011) reported that TA-65 
supplementation was associated with increased 
telomere length in a small human study, although 
larger clinical trials are needed to confirm its efficacy 
and safety. Other compounds, such as resveratrol 
and N-acetylcysteine, have shown potential in 
preclinical studies to influence telomere biology, but 
their effects in humans require further investigation 
(Balasubramanyam et al., 2021). 
 
Psychotherapeutic interventions targeting stress 
reduction and cognitive reappraisal have shown 
promise in influencing telomere biology. Cognitive-
behavioral therapy (CBT) has been associated with 
changes in telomere-related outcomes. Daubenmier 
et al. (2012) found that a mindfulness-based 
intervention, which incorporated elements of CBT, 
led to increased telomerase activity in overweight 
women. 
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Similarly, Hoge et al. (2013) reported that 
individuals with generalized anxiety disorder who 
underwent CBT showed increased telomerase 
activity compared to those on a waiting list. 
 
Other psychotherapeutic approaches, such as 
mindfulness-based stress reduction (MBSR) and 
acceptance and commitment therapy (ACT), have 
also shown potential in influencing cellular aging 
processes. Lengacher et al. (2014) observed that 
breast cancer survivors who participated in an MBSR 
program showed increased telomere length 
compared to those in usual care. In a study of 
dementia caregivers, Ho et al. (2016) found that an 
ACT-based intervention led to reduced telomere 
attrition compared to a psychoeducation control 
group. 
 
While these interventions show promise, it is 
important to note that the relationship between 
telomere length and health outcomes is complex, and 
interventions targeting telomeres should be 
considered as part of a holistic approach to health 
and well-being. Moreover, the long-term effects and 
optimal duration of these interventions remain to be 
fully elucidated. 
 
IMPLICATIONS FOR MENTAL HEALTH 
PREVENTION AND TREATMENT  
The growing body of research linking telomere 
length to mental health disorders has significant 
implications for the prevention and treatment of 
these conditions. The potential of telomere length as 
a diagnostic or prognostic tool in mental health has 
garnered increasing attention. Several studies have 
suggested that telomere length may serve as a 
biomarker for susceptibility to stress-related 
disorders or as an indicator of disease progression. 
Darrow et al. (2016) conducted a meta-analysis of 
14,827 individuals and found a significant 
association between shortened telomere length and 
psychiatric disorders, particularly MDD and anxiety 
disorders. This finding suggests that telomere length 
could potentially be used as a biological marker to 
identify individuals at higher risk for developing 
these conditions. Similarly, Martinsson et al. (2013) 
reported that telomere length was associated with 
the course of bipolar disorder, with shorter 
telomeres predicting a more severe disease 
progression and poorer treatment response. 
 
However, the use of telomere length as a diagnostic 
tool faces several challenges. The high variability in 
telomere length between individuals and the 
influence of numerous environmental and genetic 
factors make it difficult to establish clear cut-off 
points for clinical use. Lin et al. (2016) highlighted 
the need for standardized measurement techniques 
and the establishment of population-specific 
reference ranges before telomere length can be 
reliably used in clinical settings. Additionally, 
Wolkowitz et al. (2017) emphasized the importance 
of considering telomere length in conjunction with 
other biological and clinical markers to improve its 
predictive value in mental health contexts. 

Despite these challenges, the potential of telomere 
length as a prognostic tool remains promising. 
Longitudinal studies have shown that changes in 
telomere length over time may predict the course of 
mental health disorders. Verhoeven et al. (2014) 
found that telomere shortening over a six-year 
period was associated with the onset and persistence 
of depressive disorders, suggesting that monitoring 
telomere length could help identify individuals at 
risk for chronic or recurrent depression. 
 
The emerging understanding of the relationship 
between telomere biology and mental health has led 
to the development of telomere-focused 
interventions in mental health treatment. These 
interventions aim to target the biological 
mechanisms underlying telomere attrition, 
potentially slowing or reversing cellular aging 
processes associated with mental health disorders. 
Lifestyle interventions, such as mindfulness-based 
stress reduction (MBSR) and physical exercise, have 
shown promise in influencing telomere biology in 
individuals with mental health conditions. Hoge et al. 
(2013) reported that an MBSR program led to 
increased telomerase activity in individuals with 
generalized anxiety disorder, suggesting a potential 
biological mechanism for the stress-reducing effects 
of mindfulness practices. 
 
Pharmacological approaches targeting telomere 
biology in mental health treatment are also under 
investigation. Bersani et al. (2015) found that lithium 
treatment in bipolar disorder was associated with 
longer telomeres, potentially contributing to its 
mood-stabilizing effects. Similarly, Wolkowitz et al. 
(2012) reported that antidepressant treatment was 
associated with increased telomerase activity in 
individuals with MDD, suggesting that telomere-
related processes may be involved in the therapeutic 
effects of these medications. 
 
Psychotherapeutic interventions focusing on stress 
reduction and cognitive reappraisal have also shown 
potential in influencing telomere biology. 
Daubenmier et al. (2012) found that a mindfulness-
based intervention incorporating elements of CBT 
led to increased telomerase activity in individuals 
with psychological distress. These findings suggest 
that targeting stress-related cognitive processes may 
have beneficial effects on cellular aging and mental 
health outcomes. 
 
While the potential of telomere-focused 
interventions in mental health treatment is 
promising, it is essential to consider the ethical 
implications of its applications. The use of telomere 
length as a biomarker raises concerns about genetic 
determinism and the potential for discrimination 
based on biological markers. Savage and Mahmoud 
(2015) highlighted the need for careful 
consideration of how telomere length information is 
communicated to patients and used in clinical 
decision-making to avoid undue psychological 
distress or stigmatization. Privacy concerns also 
arise from the collection and storage of genetic 
information related to telomere length. 
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Klitzman (2018) emphasized the importance of 
robust data protection measures and clear guidelines 
for the use of telomere-related data in research and 
clinical settings. Additionally, the potential for 
telomere length information to influence insurance or 
employment decisions raises ethical concerns that 
need to be addressed through appropriate legislation 
and policies. The development of telomere-targeted 
therapies also raises ethical questions about the 
boundaries between treatment and enhancement. As 
our understanding of telomere biology grows, 
interventions aimed at extending telomere length 
could potentially be used not only to treat mental 
health disorders but also to enhance cognitive 
function or extend lifespan in healthy individuals. This 
possibility raises ethical issues surrounding fairness, 
access to these interventions, and the potential 
societal impacts of widespread telomere 
manipulation (Juengst et al., 2018). 
 
CONCLUSION  
The relationship between telomere length, stress-
related aging, and mental health is a complex and 
rapidly evolving area of research. This literature 
review has synthesized current evidence on the 
intricate interplay between these factors, 
highlighting the potential role of telomere biology in 
understanding and addressing mental health 
disorders. The evidence strongly suggests that 
chronic stress and various mental health conditions 
are associated with accelerated telomere shortening, 
potentially serving as a biological mechanism linking 
psychological distress to cellular aging and increased 
risk of age-related diseases. MDD, PTSD, and to some 
extent, anxiety disorders have been consistently 
linked to shorter telomeres, while findings for 
bipolar disorder and other mental health conditions 
like schizophrenia remain mixed. 
 
Although, telomere length has emerged as a 
promising biomarker of aging and stress-related 
physiological decline, its utility as a clinical tool for 
mental health assessment and treatment planning is 
still limited by methodological challenges, high inter-
individual variability, and the influence of numerous 
environmental and genetic factors. Nonetheless, the 
potential of telomere length as a prognostic indicator 
and its responsiveness to various interventions offer 
exciting possibilities for personalized mental health 
care. 
 
Interventions targeting telomere biology, including 
lifestyle modifications, stress reduction techniques, 
and potentially pharmacological approaches, show 
promise in mitigating the effects of stress-related 
aging and improving mental health outcomes. 
Mindfulness-based practices, physical exercise, and 
dietary interventions have demonstrated positive 
effects on telomere maintenance, suggesting 
potential avenues for preventive strategies and 
complementary treatments in mental health care. 
 
However, as research in this field progresses, it is 
important to address the ethical implications of 
telomere-based interventions and diagnostics. 
Issues of privacy, potential discrimination, and the 

blurring lines between treatment and enhancement 
need careful consideration as we move towards 
integrating telomere biology into mental health 
practice. 
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