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Abstract

Stress is any influence of the internal or external en-
vironment on a living being that disrupts its homeosta-
sis. The relationship between chronic psychological
stress and mental disorders and some age-related dis-
eases has been demonstrated in previous studies.
Chronic psychological stress may cause accelerated ag-
ing through multiple mechanisms such as DNA dam-

age, systemic inflammation, telomere shortening, and

Introduction

Stress is any influence of the internal or external environ-
ment on a living being that disrupts its homeostasis. The
body tries to adapt to stress through various stress response
systems. However, when the amount of stress experienced
by a person is beyond their adaptive capability, it could en-
danger physical and mental conditions (Kupriyanov &
Zhdanov, 2014). Chronic psychological stress may lead to
mental disorders such as depression, maladjustment or mala-
daptation, and post—traumatic stress disorder. Psychological
stress can also increase the risk of cardiovascular, autoim-
mune, and neurodegenerative diseases as well as cancer
(Dube et al., 2009).

Aging is progressive physiological changes resulting in a
decline of biological functions. Aging is characterized by the
development of a mild pro-inflammatory state commonly
termed as inflammaging (Bektas et al., 2018). The prolonged
inflammation may lead to pathological conditions (Bektas et
al., 2018). Although aging is a physiologic process, environ-
mental factors such as nutrition, radiation, and chronic sys-
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mitochondrial dysfunction. However, comprehensive
knowledge of how psychological stress may contribute
to accelerated aging is limited. Here, we summarize the
findings that relate psychological stress to aging, ex-
plore possible mechanisms of how psychological stress
is involved in the process and discuss its implication on

oral tissues.

temic diseases may accelerate the aging process (Addor,
2018). In addition, psychological stresses may influence ac-
celerated aging (Yegorov et al., 2020). The physiological re-
sponse to stress brings the cascade of stress hormones and
inflammatory cytokines (Yegorov et al., 2020). The molecu-
lar changes in chronic psychological stress may cause accel-
erated aging through multiple mechanisms such as DNA
damage, systemic inflammation, telomere shortening, and
mitochondrial dysfunction (Yegorov et al., 2020). Although
various studies have associated psychological stress with ag-
ing, comprehensive knowledge is still lacking. The objective
of this review is to summarize the findings that relate psy-
chological stress to aging, explore possible mechanisms of
how psychological stress is involved in the process and dis-

cuss its implication on oral tissues.
Psychological Stress and body response

The body’s response to stress generally involves two path-
ways : Sympatho—Adrenomedullary Pathway (SAM) and the
Hypothalamic—Pituitary—Adrenal (HPA) pathway (Sharpley,
2009). The first stress response pathway is the sympatho—
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adrenomedullary (SAM) axis. It acts via the sympathetic
nervous system (SNS) and the adrenal medulla to respond
very quickly to stressors. Physical stressors produce afferent
signals from organs to the Central Nervous System (CNS)
and cause an immediate response via the autonomic nervous
system (ANS) reflexive processes (Bartolomucci & Leop-
ardi, 2009). Adrenaline leads to the arousal of the sympa-
thetic nervous system and reduced activity in the parasympa-
thetic nervous system. Adrenaline creates changes in the
body such as increased sweating, increased pulse, and blood
pressure (Godoy et al., 2018). The second stress response
pathway is the hypothalamic—pituitary—adrenal (HPA) axis.
In the HPA axis stress response regulation, the hypothala-
mus secretes multiple hormones, including the corticotropin—
releasing hormone (CRH) and stimulates the pituitary gland
to secrete the Adrenocorticotrophic hormone (ACTH) into
the bloodstream (O’Connor et al., 2000). ACTH acts on ad-
renal glands and stimulates the adrenal cortex to secrete glu-
cocorticoids including cortisol, which acts upon target cells
via intracellular glucocorticoid receptors. Cortisol binds to
cytosolic glucocorticoid receptor proteins present in most tis-
sues, enters the cell nucleus, and alters the expression of
specific genes and mRNAs (Epel & Lithgow, 2014). Corti-
sol can increase heart rate, vasoconstriction, and blood pres-
sure, the release of stored lipids and amino acids from fatty
tissue and helps the body defend itself against infectious
agents by stabilizing the membranes of lysosomes (Epel &
Lithgow, 2014).

Mechanisms Stress Influences Aging in The
Body

A physiological stress response to psychosocial stress and
the associated cascade of stress hormones may accelerate
biological aging through multiple pathways. Some possible
mechanisms by which psychological stress may influence
the aging process in the body are summarized in Table.1.
Various mechanisms such as DNA damage including te-
lomere length, telomere activity, and epigenetic alteration,
alteration in immune cells, and morphological and functional
alterations in the brain have been identified as possible
mechanisms involved in the process. These mechanisms are
briefly discussed below.

3.1 DNA damage
DNA damage over time is a hallmark of the aging proc-
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ess. DNA is damaged by various external factors such as
diet, environment, radiation, temperature, and psychological
stress, among others, and internal factors such as oxidative
stress, advanced glycation end products, and spontaneous re-
actions, among others. DNA damage accumulation over time
triggers the signaling pathways driving cells toward apopto-
sis or senescence. Various mechanisms such as reduced te-
lomere length and activity, increased apoptosis, increased
oxidative stress and epigenetic changes are involved in pro-
moting aging by DNA damage (Maynard et al., 2015).
Psychological stress may contribute to aging by inducing
DNA damage. Stress hormones, such as cortisol, nor-epi-
nephrine, and epinephrine have been shown to induce DNA
damage by altering the DNA repair capacity or by restricting
the induction of apoptosis of cells with DNA lesions (Flint
et al., 2007). Some human studies showed that stress hor-
mones, cortisol, and nor—epinephrine can increase DNA
damage and alter transcriptional regulation of the cell cycle
(Flint et al., 2007). Basically, in psychological stress, DNA
damage such as telomere length and epigenetic alteration has
been identified to contribute to the aging (Flint et al., 2007).

3.1.1 Telomere Length

Chromosomal ends are capped by DNA-protein com-
plexes known as telomeres, which promote chromosomal
stability. These telomeres shorten with every cell division
due to incomplete replication by the lagging strand of the
replication fork. The telomere shortening contributes to the
persistent DNA damage response (DDR). The DDR basi-
cally preserves the genome integrity by arresting cell cycle
progression for the DNA repair process (Hewitt et al., 2012).
The cell cycle arrest is regulated by pathways such as phos-
phorylation, acetylation, ubiquitylation, and SUMOylation.
The DDR in the aging process causes the inability of tissues
to further proliferate and form new cells (Hewitt et al.,
2012). Also, the extracellular matrix—degrading enzymes and
inflammatory cytokines are upregulated and this process
contributes to the progressive decline in the biological func-
tion of the tissues (Hewitt et al., 2012). Telomeres shorten-
ing in psychological stress have been shown in human stud-
ies. Telomere length was significantly shorter in individuals
with mood disorders, indicating accelerated aging of up to
ten years (Simon et al., 2006). Psychological stress was as-
sociated with increased oxidative stress, reduced telomerase
activity, and shorter telomere lengths in peripheral blood
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Table 1. Studies showing the possible mechanism of psychological stress contributing to aging
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A.  Telomere length Reference
Women with the highest levels of perceived stress had short telomeres on average by the equivalent of at least one decade of addi-  Epel, et al
tional aging compared to low-stress women. 2004
Live-cell imaging experiments revealed all persistent DNA damage foci in stress induced senescence were associated with telomeres;  Hewitt, et al
An age-dependent increase in frequencies of telomere—associated foci in the gut and liver of mice, occurring irrespectively of te- 2012
lomere length.

Childhood maltreatment had significantly shorter telomeres than those who did not report a history of maltreatment ; Analysis of  Tyrka, et al

subscales showed that both physical neglect and emotional neglect were significantly linked to telomere length. 2009

Telomere length was significantly shorter in individual with mood disorders, representing as much as 10 years of accelerated aging. Simon, et al
2006

B. Immune cells

The exposure of cortisol, a stress hormone to human T lymphocytes was associated with a significant reduction in telomerase activity. ~ Choi,

The effect was observed in both CD4 and CD8 T lymphocytes and was associated with reduced transcription of hTERT, the telom- 2008

erase catalytic component.

Life trauma and chronic stress was related to a lower percentage of CD4+ naive cells ; Stressful life events, high lifetime discrimina-  Klopack, et al
tion, and chronic stress were associated with a higher percentage of terminally differentiated CD8+ cells. 2022

C.  Cytokines
Stressful job such as in caregivers, the average rate of increase in interleukin—6 (IL-6) was about four times as large as that of non-  Glaser, et al
caregivers. 2003
Omega—3 supplementation altered telomerase and 1L-10 stress reactivity ; Omega-3 also reduced overall cortisol and IL-6 throughout ~ Madison, et al
the stressor compared to the placebo group. 2021

D.  Morphological & functional alteration in the brain
Tg—APPswe/PS1dE9 mice that were restrained had significantly increased AB(1-42) levels and plaque deposition in the brain ; The 2—  Seo, et al
h/16-day stress increased oxidative stress and induced mitochondrial dysfunction in the brain. 2011
After correcting for antidepressant use, brain predicted age difference was significantly higher in major depressive disorder compared ~ Han, et al
with controls. 2021

E.  Epigenetic alteration
The age/stress—related epigenetic signature enhanced FKBP5 response to NF-kB through a positive feedback loop highlighting rela-  Zannas, et al
tion between aging, stress and inflammation. 2019
A high number (n =85) of epigenetic clock CpG sites were located within glucocorticoid response elements. Cumulative lifetime stress ~ Zannas, et al
might accelerate epigenetic aging. 2015
Development of post—traumatic stress disorder symptoms was negatively associated with the telomere lengthening. Trauma signifi-  Boks, et al
cantly accelerated epigenetic ageing. 2015

Cumulative stress was associated with accelerated aging and stress—related physiologic measures of adrenal sensitivity (Cortisol/

ACTH ratio)

Harvanek, et al
2021

mononuclear cells (Epel et al., 2004). The telomeres of
women who were under high levels of perceived stress were
shorter by at least one decade compared to women who
were under low levels of perceived stress (Epel et al., 2004).
The elevated level of stress hormones such as catechola-
mines and cortisol were associated with lower telomerase ac-
tivity in leukocytes (Tyrka et al., 2010). Individuals with
childhood stress due to physical and emotional neglect had
significantly shorter telomeres than those without such his-
tory (Tyrka et al., 2010). An in vivo experiment also con-
firmed that up to half of the DNA damage foci in stress—in-
duced senescence are located at telomeres irrespective of the
telomerase activity (Hewitt et al., 2012). These findings sug-
gest that telomeres may be shortened by psychological stress

as well as aging.
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3.1.2 Epigenetic alteration

Epigenetic alterations caused by environmental factors
regulate gene expression without alteration in genetic se-
quence. Various mechanisms such as DNA methylation, ace-
tylation, and histone modification are involved in epigenetic
alterations (Gibney and Nolan, 2010). The aging process
contributes to these epigenetic changes, mainly DNA meth-
ylation. Prediction of chronological age based on DNA
methylation is commonly known as the “epigenetic clock”.
(Harvanek et al., 2021).

Recent studies suggest that various types of psychological
stressors may accelerate biological aging by altering the
DNA methylation (Boks et al., 2015). Individuals with ma-
jor depression, post-traumatic stress disorder, childhood ad-
versity, and childhood abuse have accelerated aging follow-
ing epigenetic modifications (Boks et al., 2015). The effect
of these life stressors was observed as a high number of
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methylated CpG sites located within the glucocorticoid re-
sponse elements (Zannas et al., 2015). Some gene loci such
as in FKBP5, a stress—responsive gene may synergize with
aging to decrease DNA methylation at selected CpGs lo-
cated near the transcription start site. This change in methyl-
ation of the FBBP5 gene may activate NF-kB and promote
inflammation (Zannas et al., 2019). These findings suggest
that alterations of DNA methylation induced by psychologi-
cal stress may be involved in the aging process.

3.2 Immune Cells

Immunological aging encompasses age—associated decline
in the immune system (immunosenescence) and increases in
inflammation (inflammaging) (Reed, 2019). The hallmarks
of immunosenescence include changes in the adaptive im-
mune system, mostly T cells (Reed, 2019). Decrease in
naive T cells and accumulation of memory T cells, mainly
late differentiated senescent CD8+ T cells are observed with
aging accompanied by shortened telomeres (Reed, 2019).

Several studies showed that psychological stress altered
the immune system the same as it affected aging. Psychoso-
cial stress such as life trauma, high lifetime discrimination,
and chronic stress was identified as a contributor to acceler-
ating immune aging by decreasing naive and increasing ter-
minally differentiated T cells (Klopack et al., 2022). The ex-
posure of cortisol, a stress hormone to human T lympho-
cytes significantly reduced telomerase activity. The effects
were observed in both CD4 and CD8 T lymphocytes, which
led to reduced transcription of hTERT, the telomerase cata-
lytic component (Choi et al., 2008). The alterations of im-
mune cells affected by psychological stress may influence
aging.

Cytokines produced through immune cells also associate
psychological stress with aging. Interleukin (IL)-6 and other
proinflammatory cytokines released from macrophages and
T lymphocytes can be directly stimulated by stress, anxiety,
and depression (Dentino et al., 1999). An observational
study showed that the average rate of increase in interleukin
-6 (IL-6) in caregivers with stressful work was about four
times as large as that of non-caregivers (Kiecolt—Glaser et
al., 2003). Omega-3, an effective agent for anti-aging was
able to reduce overall cortisol and IL-6 level, which may
provide data on the association among aging, stress, and in-
flammation. (Madison et al., 2021).
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3.3 Morphological & function alteration in the brain

The brain undergoes morphological and functional altera-
tions with aging. The medial posterior cingulate cortex
mPCC-deactivations are known to be modulated by chrono-
logical aging, with more deactivations in the young than in
the old (Qei et al., 2018). Age-related differences in cortical
thickness were observed in the prefrontal cortex, central mo-
tor cortex, cingulate cortex, and bilateral lingual gyri. Amy-
loid beta deposition in the brain is also a characteristic fea-
ture of aging (Oei et al., 2018).

Psychological stress and other psychiatric disorders also
show morphological and functional alterations in the brain
similar to those observed with aging (Sheth et al., 2017 ;
Carrier et al., 2021). Brain aging is more advanced in pa-
tients with major depressive disorder (MDD) (Han et al.,
2021). Significant reduction in the thickness of the prefron-
tal cortex and cingulate cortex was associated with life event
stress (Baldacara et al., 2017 ; Belleau et al., 2019). Chronic
stress over a lifetime often led to poorer cognitive function
(Scott et al., 2015). Animal studies showed that restraint
stress aggravated amyloid beta deposition in the brain as the
process of accelerated aging (Seo et al., 2011). Psychologi-
cal stress may accelerate the aging process through morpho-
logical and functional alteration in the brain.

Psychological stress and aging of oral tissue

Psychological stress may affect the oral tissue and con-
tribute to accelerated aging. Previous studies have high-
lighted the effect of psychological stress on the oral cavity
including saliva, submandibular glands, and oral microbiota
(Paudel et al., 2020 ; Paudel et al., 2022). Similar to aging,
reduced periodontal tissue functions due to psychological
stress have already been demonstrated (Spektor et al., 2020 ;
Villalobos et al., 2022). Psychological stress may contribute
to the accelerated aging of oral tissue by mechanisms dis-
cussed in previous sections (Spektor et al., 2020 ; Villalobos
et al., 2022). Epigenetic alterations in the oral tissues have
been shown by both psychological stress and aging. Psycho-
logical stresses could induce epigenetic alterations in saliva
and buccal mucosa (Jiang S, et al. 2019). Epigenetic clocks
based on samples from saliva or buccal mucosa have been
shown to predict the biological age (Ambroa—Conde et al.,
2022). Psychological stresses may induce other aging
mechanisms including telomere shortening and altered im-
mune cells in the oral tissues. However, studies are limited
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to the direct link between psychological stress and aging in
the oral tissues. Further studies are required to prove this hy-
pothesis.

Conclusion

Psychological stress may contribute to accelerated aging
in various tissues including oral tissues by various mecha-
nisms such as DNA damage, alteration of immune cells, and
various morphological and functional alterations in the brain.
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