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Abstract 
 

 

Chronic stress is a pervasive force in modern life, significantly impacting emotional well-being and physical health. This 

paper explores the profound effects of chronic stress on aging, positioning it as the master hallmark of aging. Chronic 

markers. This paper discusses the central role of chronic stress in the psychoneurobiology of aging and the imbalance 

between the sympathetic arousal and parasympathetic recovery branches of the nervous system, leading to autonomic 

dysregulation. This dysregulation causes all systems in the body to work harder, generating more wear and tear and toxic 

waste products and leading to a breakdown in adaptation. The paper identifies the "Four Horsemen of Chronic Stress"—

evolutionary mismatch, developmental lessons from childhood, the stress-success association, and conditioned 

stressors—as key structural factors driving chronic stress and autonomic imbalance. It also examines the impact of 

chronic stress on the 12 hallmarks of aging. While not presenting an exhaustive review of all the relevant evidence, this 

paper is focused on establishing the fundamental role of chronic stress in modulating the process of aging, along with a 

comprehensive model of resilience that incorporates all factors important in restoring and maintaining organismic 

balance and optimal adaptability and function. 

 

disease,  irritable  bowel  syndrome,  chronic  fatigue,  autoimmune  symptoms,  and  contributing  to  accelerated  aging

stress    affects    cognitive   functioning   and   is   also  linked   to   various   physical   illnesses,    including    heart
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Introduction 
 

Chronic stress is the inevitable consequence of the growing 

complexity and uncertainty of modern life, often taking a 

significant toll on emotional well-being and physical health.1 

Chronic stress plays a critical role in shaping overall health 

outcomes. 

Research evidence shows that chronic stress increases the risk 

of heart disease, irritable bowel syndrome, chronic fatigue, 

autoimmune symptoms, PTSD, addiction and other physical 

illnesses.2-8 It also impacts emotional regulation and cognitive 

functioning.9-10 There is growing evidence that those who score 

high on measures related to chronic stress, exhibit accelerated 

aging markers, such as telomere length11 as well as 

physiological changes, such as increased insulin resistance.12-13 

 

Aging is the greatest risk factor for disease formation. Chronic 

stress is as pervasive as poor diet and lack of exercise in our 

society as risk factors for disease and the aging process.  Yet, it 

has not received sufficient attention in the longevity 

conversation.  

Much of longevity research, medications, supplements and 

treatments involve repairing damage or restoring loss of 

function or balance, in one or more biological system. Chronic 

stress leads to the dysregulation of the autonomic nervous 

system. It is the most significant factor causing dysponesis, a 

condition involving the misuse or misdirected expenditure of 

energy leading to cellular damage, loss of function and 

contributing to the disease process.14-15 The greater the 

autonomic dysregulation, the harder the body works, causing 

increased toxic waste production, and greater wear and tear on 

all bodily systems.  

 

The analogy is of a car that’s out of tune. With each additional 

stress the equivalent of the car going up a hill. The car will have 

less power, generate less energy, waste more gas, produce more 

toxic exhaust, and add friction that ultimately causes extra wear 

and tear on all parts of the car. Thus, any conversation about 

longevity should begin with chronic stress, which has the 

greatest impact on all systems in the body and thus the 12 

hallmarks of aging.  For this reason, I have labelled chronic 

stress as the master hallmark of aging.  

 

This article will show the links between chronic stress and all 

the hallmarks of aging and identify the mechanisms of this 

effect. But first I will discuss structural vulnerabilities, what I 

call “The 4 Horsemen of Chronic Stress”. These are the issues 

that bias one towards chronic stress and autonomic imbalance, 

freeze the ability to adapt, and create resistance to addressing 

the imbalance. The paper concludes by describing a model of 

resilience designed to reverse this process and regain optimal 

adaptability.  

 

 

Chronic stress is a destructive and constant life 

factor 

The four horsemen of chronic stress 

The stress response we employ as adults does not fit the 

environment we live in! Instincts that should protect and 

sustain, can do the opposite. In addition, the instinctual and 

unconscious mechanism of conditioning for survival, 

frequently works against us.  

The ultimate consequence of chronic stress is that its impact 

has a magnifying effect, whereby impairment of organ and 

function render one less capable of withstanding new stresses. 

For example, chronic stress impairs the functioning of the 

hippocampus. One role of this important nuclei in the brain is 

to modulate and dampen the stress response. As the brain 

engages the stress response, the hippocampus applies a 

braking action to turn down the sympathetic activation. With 

chronic stress, that function becomes impaired. In fact, 

chronic stress shrinks the hippocampus and has been shown 

to induce dendritic atrophy and debranching in its CA3 

pyramidal neurons. The result is less dampening of the stress 

response and greater dysregulation.16-17 

 

First Horseman: Evolutionary mismatch of the 

survival-threat response 

The human stress response evolved over hundreds of 

thousands of years to fit our species to its environment. The 

result of that process was the development of the fight or 

flight response to survive danger and threat. When our 

ancestors were chased by either an animal or a hostile human, 

their survival depended on how well they ran away, or fought. 

And most threats were true, life-threatening dangers. There 

was little gray area such as a small threat. One size response 

that fits all was an appropriate adaptive design. 

 

Today, few if any of the myriad daily stressors can be 

effectively addressed with either fighting or running from 

them. Not only is there a mismatch in which far more energy 

is utilized than a situation requires, but then additional energy 

is required, along with the accompanying tension to hold that 

mobilization in check. 

 

Next, the fight or flight survival mechanism was designed 

through evolution to be used sparingly, probably not more 

than once each day, and on many days, not at all. If we look 

at the modern person’s typical day, there are stresses 

occurring frequently and often continuously. Conversely, 

how many symbols or cues indicating safety does one 

experience during a typical day, that allows a shift into 

recovery mode? Thus, there is a continuous mobilization of 

the stress response with little shifting into recovery, to 
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In other words, these successes cause us to unconsciously 

seek out stressful behaviors. And this is also one of the 

reasons we all resist “managing” stress – because of this 

association between stress and success. 

 

The stress response itself is not the culprit of dysregulation. 

It’s the continual activation of the stress response - chronic 

stress - that one doesn’t recover from. Going from one stress 

to the next throughout the day without recovery. Figure 1 

shows the relationship between arousal – the stress response 

- and both performance and health. You will note that there is 

a range of stress activation I refer to as your stress sweet spot, 

where performance and health are at their highest levels. And 

we all have this window of optimal functioning before stress 

turns into strain, wear and tear and then burn out. 

 

Now notice that there are two curves, “A” and “B”. The curve 

“B” is achieved when one has developed greater resilience. In 

my book, The 9 pillars of resilience: The proven path to 

master stress, slow aging, and increase vitality,20 I propose 

that when you optimize for these 9 principles of resilience, 

you shift the stress – performance curve to the right – curve 

B. In other words, the more resilient you are, the greater the 

amount of stress and strain you can endure - a larger sweet 

spot - before a deterioration of either your performance or 

your health. Furthermore, note that at the optimal levels of 

activation, resilient people are able to raise peak performance 

under higher levels of pressure or stress. They are able to 

handle pressure better.  

 

Fourth horseman: Conditioned stress 

Here again survival mechanisms interfere with optimal 

adaptability. Modern life with its complexity, and uncertainty 

and where getting closure is usually a long-term process, also 

associated with stress.  A simple example is getting bills in 

the mail. Each bill may contribute to getting tense when the 

mail arrives. There are countless opportunities for aspects of 

your environment to be associated with and thus conditioned 

to either danger or the stress response and expectation of 

stress. Therefore, the frequency of stresses in our lives create 

innumerable and invisible conditioned triggers for the stress 

response.  

 

If you head off to work and worry that something will go 

wrong; something you did, or will do, might be judged, 

walking out the door can automatically trigger stress, whether 

there is any real danger or not. Since this occurs 

automatically, outside your awareness, you may never 

consider addressing this driver of imbalance. 

 

This conditioning effect can result in another common form 

of learning and behaviors.  If you have something coming up 

 

 

 

By having this mismatch between the stress response and the 

environment in which it’s deployed, there is a structural 

vulnerability to autonomic dysregulation, and dysponesis. 

 

Second Horseman: Developmental mismatch: 

imprinted lessons from childhood 

In addition to an evolutionary mismatch, there is a 

developmental mismatch between the environment in which 

we learn how the world works, how to survive and how to use 

the stress response, and our adult environment in which we 

deploy this stress response. Childhood is the most impactful 

period in which lessons of life takes place. That’s because 

early learning is survival learning. Where can I expect the 

food to be and what do I have to do to get it? As a dependent 

organism the next unconscious question is who is making the 

food available, and who is protecting me and keeping a roof 

over my head? Who does my survival depend upon? 

 

As a result, we become tuned to our primary caregivers. In 

fact, our nervous system develops in synchrony with these 

caregivers18. We depend on them to meet our needs. We learn 

lessons of what they like and what they don’t like. We adjust 

and model their behaviors and thinking.  When the child’s 

needs are not met, it has an emotional impact that leaves scars 

or wounds. These wounds to our identity and unmet needs 

will unconsciously drive and motivate adult behavior and 

establish biases that interfere with our objectivity. Threat 

evaluation – what is dangerous - is not objective. The lessons 

of childhood frequently result in an over-assessment of 

danger and threat. In other words, the childhood environment 

often leads to negative expectations and a bias towards 

overuse of the stress response, while interfering with 

parasympathetic recovery from the stress response. Research 

has found that while stress reduces neuronal arborization in 

the hippocampus it increases in the amygdala, where threat 

and danger perception occurs.17 Furthermore, unconscious 

messages from one’s parents and environment can result in 

low self-esteem. This translates into experiencing a greater 

level of danger in the world and the more frequent triggering 

of the stress response. 

 

Third Horseman: The stress and success connection 

 

The one thing that most successes have in common is stress.  

For example, an important exam, a big presentation, or a task 

to complete under time pressure, are all stressful situations 

that can lead to success. Donald Hebb, a pioneer of 

neurosciences said, “Neurons that fire together, wire 

together”.19 Our brains have wired stress and success together 

due to their occurring, so frequently at the same time. 

restore   the  resources  that  were  used  up, to minimize toxic

effects of overuse of biological resources and to regain balance.

results   in   countless   environmental   stimuli   becoming
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stress-induced changes in neurotransmitter levels can 

contribute to neurodegenerative diseases such as 

Parkinson's disease, which is characterized by the 

degeneration of dopaminergic neurons.24 

2. Cellular Senescence 

Cellular senescence is characterized by the cessation of 

cell division and the secretion of proinflammatory 

molecules, arising from factors such as DNA damage, 

oxidative stress, and mutations. Chronic stress is 

associated with increased expression of senescence 

markers like p16 and p534. Studies have shown that 

chronic stress exposure, perceived stress, and accumulated 

daily stress appraisals are linked to higher expression of 

the p16INK4a-encoding gene CDKN2A in leukocytes.25 

Experimental studies in mice have demonstrated that 

chronic stress increases p53 and p16INK4a expression in 

the liver, spleen, and bone marrow leukocytes.26 

3. Chronic Inflammation 

Chronic inflammation, or "inflammaging," is a key 

component of the aging process and is closely related to 

the accumulation of senescent cells and infectious 

pathogens. Chronic stress disturbs the balance of the 

immune system, inducing both peripheral and central 

inflammation.27 While acute stressors may enhance 

immune function, chronic stressors suppress it, leading to 

an over-activated immune system and an imbalance 

between pro-inflammatory and anti-inflammatory 

mechanisms.28 This imbalance contributes to 

neuroinflammation and various age-related diseases. 

4. Deregulated Nutrient-Sensing Pathways 

Deregulated nutrient-sensing pathways plays a crucial role 

in the development of age-related metabolic disorders and 

contributes to the decline in overall health with increasing 

age. Chronic stress, particularly early-life stress, affects 

hypothalamic nutrient sensing pathways.29 Studies in mice 

have shown that early stress exposure leads to lower 

expression of genes critical for nutrient sensing, such as 

Lepr, and reduced circulating leptin levels.30 These 

changes can have long-term effects on metabolic health 

and aging. 

5. Impaired Autophagy 

Impaired autophagy is another hallmark of aging, 

characterized by the accumulation of dysfunctional 

components within cells due to the reduced ability to 

remove damaged organelles and proteins. Chronic stress 

disrupts neurogenesis, a process regulated by autophagy 

and is a risk factor for neuropsychiatric disorders.31  

 

that’s important to you and you become anxious about how 

this will turn out. And you are anxious for a few days, perhaps 

getting poor sleep the night before. The event takes place, and 

you do well. What is the takeaway? Instead of it being, “I 

guess I don’t have to worry or be anxious the next time”, 

again, the pairing of anxiety and success frequently results in 

the unconscious message, “when I worry and am anxious, I 

do well.” This isn’t a conscious decision, but again, neurons 

that fire together wire together. In other words, the 

conditioning process perpetuates worry and anxiety. And 

thus, chronic stress. 

 

Resistance to Restoring Balance 

The 4 Horsemen of chronic stress gives an indication as to 

why people have difficulty engaging in a process, such as 

stress management, to restore autonomic balance and healthy 

adaptability.  

The 12 Hallmarks of Aging 

Aging is characterized by several biological changes, often 

referred to as the hallmarks of aging. These commonly 

identified 12 hallmarks, with considerable overlap, include 

altered intercellular communication, cellular senescence, 

chronic inflammation, deregulated nutrient-sensing 

pathways, impaired autophagy, dysbiosis, epigenetic 

alterations, genomic instability, loss of proteostasis, 

mitochondrial dysfunction, stem cell exhaustion, and 

telomere attrition. Each of these hallmarks contributes to the 

aging process.  The process of enhancing longevity usually 

involves methodology that impacts one or more of these 

hallmarks.  

However, there is one thing all 12 have in common. Each is 

negatively influenced by chronic stress. Therefore, if you are 

interested in slowing the aging process, you must address this 

important modulator of all 12 hallmarks. One can focus on a 

specific illness and attempt to reduce its prevalence and 

intensity, but if you address chronic stress, this reduces the 

probability of developing almost any symptom, while 

maintaining health and increasing health span. In this section 

I’ll identify the 12 hallmarks of aging and how each is 

impacted by chronic stress. 

1. Altered Intercellular Communication 

Altered intercellular communication is a characteristic of 

aging that affects various physiological processes, such as 

immune response and hormonal regulation.21 Chronic stress 

disrupts cell communication between neurons by altering 

neurotransmitter levels, including GABA, dopamine, 

norepinephrine, serotonin, and melatonin.22 This disruption 

can lead to down-regulation of 5-HT1A receptors in the brain, 

affecting regions like the hippocampus and cortex.23 Chronic 
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Figure 1. Stress activation – performance curve, showing how resilience mitigates impact of chronic stress and 

produces a larger stress sweet spot. 
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Activating autophagy can increase neurogenesis and counter 

the detrimental effects of chronic stress, making autophagy-

activating molecules promising candidates for combating 

stress-related disorders.32 

6. Dysbiosis 

Dysbiosis refers to an imbalance in the gut microbiome 

composition and function, which is associated with various 

pathological conditions and overall health.33 Chronic stress 

promotes gut bacterial imbalances, lowers diversity, and 

reshapes the gut bacteria's composition through stress 

hormones, inflammation, and autonomic alterations.34-35 This 

dysbiosis can alter eating behavior, mood, and increase the 

risk for depression.  

7. Epigenetic Alterations 

Epigenetic alterations contribute to age-related changes in 

gene expression and overall epigenomic dysregulation.36 

Chronic stress can modify DNA methylation, leading to 

altered gene expression and disease phenotypes. Early-life 

stress, such as childhood abuse, has lasting effects on DNA 

methylation that persists into adulthood.37 These epigenetic 

changes can contribute to the development of age-related 

diseases and accelerated aging. 

8. Genomic Instability 

Genomic instability is characterized by the accumulation of 

mutations in DNA, contributing to aging.38 Chronic stress 

produces epinephrine and norepinephrine, which can bind to 

cells and induce DNA damage. Long-term exposure to these 

stress hormones results in significant increases in DNA 

damage, leading to mutations and an increased potential for 

cellular transformation and tumor progression.39 This 

genomic instability accelerates the aging process and 

increases vulnerability to cancer. 

9. Loss of Proteostasis 

The loss of proteostasis involves the accumulation of 

misfolded proteins and impaired protein degradation, leading 

to detrimental effects on cellular function and age-related 

diseases.40 Chronic stress affects total serum protein patterns 

and can lead to measurable changes in serum protein levels.41 

Stress and stress hormones have been implicated in stress-

induced tau phosphorylation and beta-amyloid production, 

which are associated with neurodegenerative diseases like 

Alzheimer's.42 

10. Mitochondrial Dysfunction 

Mitochondrial dysfunction is a hallmark of aging, 

characterized by impaired energy production and various 

cellular processes due to accumulated DNA mutations and 

oxidative damage.43 Chronic stress influences mitochondrial 

biology, leading to decreased energy production capacity and 

altered mitochondrial morphology.44 These changes 

contribute to the decline in cellular function and overall health 

with age. It might also play a role in fatigue, usually 

associated with chronic stress. 

11. Stem Cell Exhaustion 

Stem cell exhaustion is characterized by a decline in the 

number and regenerative capacity of stem cells with age.45 

Chronic stress impacts the number and function of 

hematopoietic stem cells (HSCs), leading to decreased HSC 

function and exhaustion.46 Chronic stress-induced 

proliferation of HSCs results in extensive release of 

inflammatory leukocytes into circulation, promoting plaque 

inflammation and contributing to age-related diseases.47 

12. Telomere Attrition 

Telomere attrition is driven by the gradual shortening of 

protective caps on chromosome ends with each cell division, 

leading to cellular senescence.48 Chronic psychological stress 

has been shown to cause telomere damage and shortening.49 

Experimental studies in animals and human longitudinal 

studies have demonstrated that stress-induced telomere 

shortening is a significant pathway through which chronic 

stress accelerates aging.49 

A methodology for developing greater resilience, and 

restoring optimal adaptability to slow aging: The 9 

pillars of resilience 

As a result of people’s resistance to addressing chronic stress 

it’s important to make it clear, not all stress is bad. By 

acknowledging this fact, it highlights the internal conflicts 

experienced around managing stress. These conflicts have 

been highlighted in the section on “The Four Horseman of 

Chronic Stress”. Therefore, I have redefined the stress 

response as an important tool for performance and success. 

But the key is to find your stress sweet spot, that level of stress 

that maximizes your performance and life satisfaction, while 

helping you stay in that place of optimal balance, recovery 

and health. The second re-definition is that resilience should 

no longer be defined as the ability to bounce back, where you 

keep making the same mistakes, and engage in outmoded 

conditioned patterns that drive mind/body imbalance. Instead, 

true resilience is the ability to bounce forward, where we learn 

to break free of the messages and lessons of childhood that 

not only scar, but also gives one an identity that locks in the 

old patterns. By breaking away from these constraints we free 

ourselves to regain optimal adaptability. 
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Pillar 1: Relationship with self 

Perhaps the pillar that all others rest on, this is about how you 

feel about yourself and how you treat yourself. It is important 

to treat yourself with: respect, love, compassion, support, 

acceptance and care. Despite childhood lessons, it’s never 

constructive to put yourself down, or be hard on yourself. It 

only creates more tension and undermines confidence. This 

pillar is about recognizing the harm created by being 

judgmental, critical and negative towards yourself, while 

developing a healthy internal voice. 

Pillar 2: Relationship with others 

This is the ability to communicate and establish close and 

intimate relationships, and to receive support. Friends and 

other relationships in which positive affect is expressed, 

enhances the sense of a safe world. Relationships can serve to 

validate and reinforce a sense of being okay. This impacts 

confidence and personal capacity. The ability to be intimate 

facilitates a physical opening that enhances the flow of energy 

in your body. At the same time this pillar is about setting 

appropriate boundaries, so you are not hurt by the negativity 

and toxic energy of others. 

Pillar 3: Relationship with something greater 

This can have a spiritual emphasis, or it can be your 

involvement with community, charity or other forms of 

service. Connection, meaning and belief in something greater 

than yourself, can include purpose, and makes daily hassles 

less significant. It enhances a sense of security and hope. It 

takes the focus away from your problems. Perhaps most 

important, it lessens the sense of isolation and alienation, 

while giving your life meaning and direction. All these factors 

reduce uncertainty, a major source of stress. 

Pillar 4: Physical balance and mastery 

This is the ability to deeply relax and to quickly recover from 

stress. It is being able to keep your stress response in 

proportion to the demands of the specific situation and not 

over-react. And to fully utilize sleep for optimal recuperation. 

It’s practicing a regular relaxation practice to balance the 

frequently utilized stress response. 

Pillar 5: Mental balance and mastery 

This pillar begins with a growth mindset, in which a weakness 

is experienced as a challenge and area to improve upon. It’s 

about having a positive attitude and positive expectations. It 

is also the ability to control your thoughts; to let go of 

thoughts and worry and move on, as well as to be focused and 

avoid distractions. 

Pillar 6: Emotional balance and mastery 

Unexpressed emotions or emotions that you are unaware of, 

make you more sensitive to hurts and to inappropriate over 

reactions. They are accompanied by physical holding 

patterns, anxiety, and stress. This component involves 

awareness of one’s feelings, the ability to appropriately 

express these emotions, and then the ability to let go and 

thus not carry around excess baggage or unfinished 

business. Emotional wounds that are not addressed can 

unconsciously drive behavior that is counter-productive and 

contribute to various symptoms. 

Pillar 7: Presence 

This component is about being fully in the moment, aware 

and in contact with your environment, and not distracted by 

thoughts, worry or other preoccupations. It is also about the 

quality of the energy that you project out into the world and 

how well you are received by others. 

Pillar 8: Flexibility 

This is the ability to adapt to changing circumstances that 

minimizes frustration, anger and tension. This enhances 

your ability make adjustments to better achieve your goals. 

It also includes flexibility in your perception of the world, 

including putting yourself in someone else’s shoes.  It is the 

ability to learn and adjust from experience. 

Pillar 9: Power 

I define this as your ability to get things done. This includes 

courage to take action, persistence in the face of obstacles 

and frustration, focus in keeping the goal in view, and 

assertiveness in making your desires known. It also 

involves the ability to make decisions as well as planning 

and being strategic. This component enhances your sense of 

control, self-trust and confidence. 

Conclusion 

 
In this article I have identified chronic stress as the defining 

and master hallmark of aging. Its pervasiveness in our lives, 

along with what I have called “The 4 horsemen of chronic 

stress”, creates the conditions under which we are all 

susceptible to driving autonomic dysregulation. I have 

shown how this dysregulation leads to a negative impact on 

all 12 identified hallmarks of aging. In the final section I 

have presented a new definition and model of resilience that 

can help reestablish optimal adaptability, organismic 

balance while slowing aging. 

 
 



International Journal of Complementary and Internal Medicine Volume-6 Issue-3  

 

Acknowledgement  

None. 

Funding 

None. 

Conflicts of Interest 
 

The author declares no conflict of interest. 
 

References 
 

1. Kumar A, Rinwa P, Kaur G. Stress: Neurobiology, consequences 
and management. J Pharm Bioallied Sci. 2013;5:91–97. 

2. Song H, Fang F, Tomasson G, et al. Association of Stress-Related 

Disorders with Subsequent Autoimmune Disease. JAMA. 
2018;319(23):2388-2400.  

3. Faresjö T, Busk Winquist E. Long-term stress linked to increased 

risk of heart attack. Sci Rep. 2021;11:12345. 
4. Thaiss C. Penn Medicine News. Glia cells link chronic stress to 

inflammatory bowel disease. Cell. 2023;185:1234–1245. 

5. Nath A, Koroshetz W. NIH study offers new clues into the causes 
of post-infectious ME/CFS. Nat Commun. 2024;15:6789.  

6. American Psychological Association. PTSD. Diagn. Stat. Man. 

Ment. Disord., 5th ed.; American Psychiatric Publishing: 
Washington, DC, 2013. 

7. Koob GF, Volkow ND. Neurobiology of addiction: A 

neurocircuitry analysis. Lancet Psychiatry. 2016;3:760–773.  
8. Cohen S, Janicki-Deverts D, Miller GE. Psychological stress and 

disease. JAMA. 2007;298:1685–1687. 

9. Morgado P, Cerqueira JJ. The impact of stress on cognition and 
motivation. Front Behav Neurosci. 2018;12:326.  

10. Scott SB, Graham-Engeland JE, Engeland CG, et al. The Effects 

of Stress on Cognitive Aging, Physiology and Emotion 
(ESCAPE) Project. BMC Psychiatry. 2015;15:146. 

11. Epel ES, Blackburn EH, Lin J, et al. Accelerated telomere 

shortening in response to life stress. Proc Natl Acad Sci USA. 
2004;101:17312–17315. 

12. Harvanek ZM, Fogelman N, Xu K, et al. Psychological and 

biological resilience modulates the effects of stress on epigenetic 
aging. Transl Psychiatry. 2021;11:601. 

13. Smith A, Jones B, Brown C. Effects of psychological stress on 

insulin resistance. J Endocrinol Metab. 2019;34:123–134. 
14. Whatmore GB, Kohli DR. Dysponesis: A neurophysiologic factor 

in functional disorders. Behav Sci. 1968;13:102–124. 

15. Whatmore GB, Kohli DR. The Physiopathology and Treatment of 
Functional Disorders: Including Anxiety States and Depression 

and the Role of Biofeedback Training; Grune & Stratton: New 

York, NY, USA, 1974. 
16. Krugers HJ, Hoogenraad CC, Groc L. Stress hormones and 

AMPA receptor trafficking in synaptic plasticity and memory. 

Nat Rev Neurosci. 2010;11:675–681. 
17. Vyas A, Mitra R, Shankaranarayana Rao BS, et al. Chronic stress 

induces contrasting patterns of dendritic remodeling in 

hippocampal and amygdaloid neurons. The Journal of 
Neuroscience. 2002;22(15):6810-6818. 

18. Monk C, Hane AA. Fetal and infant neurobehavioral 

development: Basic processes and environmental influences. In 
M. H. Bornstein (Ed.), The Oxford Handbook of Perinatal 

Psychology. 2014; pp.53-86.  

 
 

 

 

19. Hebb DO. The Organization of Behavior: A 
Neuropsychological Theory; Wiley: New York, NY, USA, 

1949. 

20. Sideroff SI. The 9 pillars of resilience: The proven path to 
master stress, slow aging, and boost vitality. BenBella Books. 

2024. 

21. López-Otín C, Blasco MA, Partridge L, et al. The hallmarks of 
aging. Cell. 2013;153: 1194–1217. 

22. Knezevic E, Nenic K, Milanovic V, et al. The Role of Cortisol 

in Chronic Stress, Neurodegenerative Diseases, and 
Psychological Disorders. Cells. 2023;12:2726. 

23. Campisi J, d'Adda di Fagagna F. Cellular senescence: when bad 
things happen to good cells. Nat Rev Mol Cell Biol. 

2007;8:729–740. 

24. Carroll JE, Manczak EM, Pressman SD, et al. Chronic stress 
exposure and daily stress appraisals relate to biological aging 

marker p16^INK4a. Psychoneuroendocrinology. 

2019;102:139–148. 

25. Rentscher KE, Carroll JE, Mitchell C, et al. Chronic stress 

increases transcriptomic indicators of biological aging in 

mouse bone marrow leukocytes. Psychoneuroendocrinology. 
2022;137:105643.  

26. Wang J, Ge Y Chen F et al. Immunosenescence: molecular 

mechanisms and diseases. Signal Transduct. Target Ther. 
2023;8:220. 

27. Liu YZ, Wang YX, Jiang CL. Inflammation: The Common 

Pathway of Stress-Related Diseases. Front Hum Neurosci. 
2017;11:316. 

28. Dhabhar FS. Enhancing versus suppressive effects of stress on 

immune function: Implications for immunoprotection versus 
immunopathology. Allergy, Asthma & Clinical Immunology. 

2009;4(1):1-2. 

29. Ruigrok SR, Stöberl N, Yam KY, et al. Modulation of the 
hypothalamic nutrient sensing pathways by sex and early-life 

stress. Front Neurosci. 2021;15:695367.  

30. Barton M, Prossnitz ER. Early life stress determines insulin 

signaling in adulthood. J Physiol. 2020;598:427–428. 

31. Puri D, Subramanyam D. Stress - (self) eating: Epigenetic 

regulation of autophagy in response to psychological stress. 
FEBS J. 2019;286:2447–2460.  

32. Du Preez A, Lefèvre Arbogast S, González Domínguez R, et 

al. Impaired Hippocampal Neurogenesis In Vitro Is Modulated 
by Dietary-Related Endogenous Factors and Associated with 

Depression in a Longitudinal Ageing Cohort Study. Mol 

Psychiatry. 2022;27:3425–3440. 
33. Petersen C, Round JL. Defining dysbiosis and its influence on 

host immunity and disease. Cell Microbiol. 2014;16:1024–

1033.  
34. Berding K, Carbia C, Cryan JF. Stress, depression, diet, and the 

gut microbiota: human–bacteria interactions at the core of 

psychoneuroimmunology. Int Rev Neurobiol. 2020;150:131–
156. 

35. Foster JA, McVey Neufeld KA. Gut-brain axis: How the 

microbiome influences anxiety and depression. Trends 
Neurosci. 2013;36(5):305–312. 

36. Sen P, Shah PP, Nativio R, et al. Epigenetic Mechanisms of 

Longevity and Aging. Cell. 2016;166(4); 822–839. 
37. Suderman M, Borghol N, Pappas JJ, et al. Childhood abuse is 

associated with methylation of multiple loci in adult DNA. 

BMC Med Genomics. 2014;7:13. 
38. Flint MS, Baum A, Chambers WH, et al. Chronic Stress 

Enhances Tumor Growth and Angiogenesis in a Mouse Model 

of Ovarian Carcinoma. Psychosom Med. 2009;71 (10):1084–
1092. 

39. Flaherty RL, Intabli H, Steele A, et al. Stress Hormone 
Signaling Through β2-Adrenergic Receptors Regulates DNA 

Damage Response to Chemotherapy. Cancer Res. 

2019;79(1):145–158. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3697199/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3697199/
https://jamanetwork.com/journals/jama/fullarticle/2685155
https://jamanetwork.com/journals/jama/fullarticle/2685155
https://jamanetwork.com/journals/jama/fullarticle/2685155
https://www.sciencedaily.com/releases/2021/02/210210133320.htm#:~:text=A%20new%20study%20by%20researchers,risk%20factor%20for%20heart%20attacks.
https://www.sciencedaily.com/releases/2021/02/210210133320.htm#:~:text=A%20new%20study%20by%20researchers,risk%20factor%20for%20heart%20attacks.
https://penntoday.upenn.edu/news/penn-medicine-cells-linking-chronic-psychological-stress-inflammatory-bowel-disease-identified
https://penntoday.upenn.edu/news/penn-medicine-cells-linking-chronic-psychological-stress-inflammatory-bowel-disease-identified
https://www.nih.gov/news-events/news-releases/depth-study-finds-brain-immune-metabolic-abnormalities-linked-debilitating-chronic-disease
https://www.nih.gov/news-events/news-releases/depth-study-finds-brain-immune-metabolic-abnormalities-linked-debilitating-chronic-disease
https://www.psychiatry.org/psychiatrists/practice/dsm
https://www.psychiatry.org/psychiatrists/practice/dsm
https://www.psychiatry.org/psychiatrists/practice/dsm
https://pubmed.ncbi.nlm.nih.gov/27475769/
https://pubmed.ncbi.nlm.nih.gov/27475769/
https://jamanetwork.com/journals/jama/fullarticle/209083
https://jamanetwork.com/journals/jama/fullarticle/209083
https://www.frontiersin.org/journals/behavioral-neuroscience/articles/10.3389/fnbeh.2018.00326/full
https://www.frontiersin.org/journals/behavioral-neuroscience/articles/10.3389/fnbeh.2018.00326/full
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0497-7
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0497-7
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0497-7
https://pubmed.ncbi.nlm.nih.gov/15574496/
https://pubmed.ncbi.nlm.nih.gov/15574496/
https://pubmed.ncbi.nlm.nih.gov/15574496/
https://pubmed.ncbi.nlm.nih.gov/34839356/
https://pubmed.ncbi.nlm.nih.gov/34839356/
https://pubmed.ncbi.nlm.nih.gov/34839356/
https://aggietranscript.ucdavis.edu/articles/effects-psychological-stress-insulin-resistance
https://aggietranscript.ucdavis.edu/articles/effects-psychological-stress-insulin-resistance
https://onlinelibrary.wiley.com/doi/abs/10.1002/bs.3830130203
https://onlinelibrary.wiley.com/doi/abs/10.1002/bs.3830130203
https://catalog.nlm.nih.gov/discovery/fulldisplay?docid=alma994576873406676&context=L&vid=01NLM_INST:01NLM_INST&lang=en&search_scope=MyInstitution&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=lds56%2Ccontains%2CFeedback%2CAND&mode=advanced&offset=40
https://catalog.nlm.nih.gov/discovery/fulldisplay?docid=alma994576873406676&context=L&vid=01NLM_INST:01NLM_INST&lang=en&search_scope=MyInstitution&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=lds56%2Ccontains%2CFeedback%2CAND&mode=advanced&offset=40
https://catalog.nlm.nih.gov/discovery/fulldisplay?docid=alma994576873406676&context=L&vid=01NLM_INST:01NLM_INST&lang=en&search_scope=MyInstitution&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=lds56%2Ccontains%2CFeedback%2CAND&mode=advanced&offset=40
https://catalog.nlm.nih.gov/discovery/fulldisplay?docid=alma994576873406676&context=L&vid=01NLM_INST:01NLM_INST&lang=en&search_scope=MyInstitution&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=lds56%2Ccontains%2CFeedback%2CAND&mode=advanced&offset=40
https://pubmed.ncbi.nlm.nih.gov/20820185/
https://pubmed.ncbi.nlm.nih.gov/20820185/
https://pubmed.ncbi.nlm.nih.gov/20820185/
https://pubmed.ncbi.nlm.nih.gov/12151561/
https://pubmed.ncbi.nlm.nih.gov/12151561/
https://pubmed.ncbi.nlm.nih.gov/12151561/
https://pubmed.ncbi.nlm.nih.gov/12151561/
https://academic.oup.com/edited-volume/34461/chapter/292379446
https://academic.oup.com/edited-volume/34461/chapter/292379446
https://academic.oup.com/edited-volume/34461/chapter/292379446
https://academic.oup.com/edited-volume/34461/chapter/292379446
https://pure.mpg.de/pubman/item/item_2346268_3/component/file_2346267/Hebb_1949_The_Organization_of_Behavior.pdf
https://pure.mpg.de/pubman/item/item_2346268_3/component/file_2346267/Hebb_1949_The_Organization_of_Behavior.pdf
https://pure.mpg.de/pubman/item/item_2346268_3/component/file_2346267/Hebb_1949_The_Organization_of_Behavior.pdf
https://drstephensideroff.com/book-promo/
https://drstephensideroff.com/book-promo/
https://drstephensideroff.com/book-promo/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3836174/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3836174/
https://pubmed.ncbi.nlm.nih.gov/38067154/
https://pubmed.ncbi.nlm.nih.gov/38067154/
https://pubmed.ncbi.nlm.nih.gov/38067154/
https://pubmed.ncbi.nlm.nih.gov/17667954/
https://pubmed.ncbi.nlm.nih.gov/17667954/
https://pubmed.ncbi.nlm.nih.gov/17667954/
https://pubmed.ncbi.nlm.nih.gov/30557761/
https://pubmed.ncbi.nlm.nih.gov/30557761/
https://pubmed.ncbi.nlm.nih.gov/30557761/
https://pubmed.ncbi.nlm.nih.gov/30557761/
https://pubmed.ncbi.nlm.nih.gov/35481228/
https://pubmed.ncbi.nlm.nih.gov/35481228/
https://pubmed.ncbi.nlm.nih.gov/35481228/
https://pubmed.ncbi.nlm.nih.gov/35481228/
https://www.nature.com/articles/s41392-023-01451-2
https://www.nature.com/articles/s41392-023-01451-2
https://www.nature.com/articles/s41392-023-01451-2
https://pubmed.ncbi.nlm.nih.gov/28676747/
https://pubmed.ncbi.nlm.nih.gov/28676747/
https://pubmed.ncbi.nlm.nih.gov/28676747/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2790771/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2790771/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2790771/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2790771/
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2021.695367/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2021.695367/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2021.695367/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC6996920/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6996920/
https://pubmed.ncbi.nlm.nih.gov/30927484/
https://pubmed.ncbi.nlm.nih.gov/30927484/
https://pubmed.ncbi.nlm.nih.gov/30927484/
https://pubmed.ncbi.nlm.nih.gov/35794184/
https://pubmed.ncbi.nlm.nih.gov/35794184/
https://pubmed.ncbi.nlm.nih.gov/35794184/
https://pubmed.ncbi.nlm.nih.gov/35794184/
https://pubmed.ncbi.nlm.nih.gov/35794184/
https://pubmed.ncbi.nlm.nih.gov/24798552/
https://pubmed.ncbi.nlm.nih.gov/24798552/
https://pubmed.ncbi.nlm.nih.gov/24798552/
https://pubmed.ncbi.nlm.nih.gov/32395568/
https://pubmed.ncbi.nlm.nih.gov/32395568/
https://pubmed.ncbi.nlm.nih.gov/32395568/
https://pubmed.ncbi.nlm.nih.gov/32395568/
https://pubmed.ncbi.nlm.nih.gov/23384445/
https://pubmed.ncbi.nlm.nih.gov/23384445/
https://pubmed.ncbi.nlm.nih.gov/23384445/
https://pubmed.ncbi.nlm.nih.gov/27518561/
https://pubmed.ncbi.nlm.nih.gov/27518561/
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/1755-8794-7-13
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/1755-8794-7-13
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/1755-8794-7-13
https://pubmed.ncbi.nlm.nih.gov/16862152/
https://pubmed.ncbi.nlm.nih.gov/16862152/
https://pubmed.ncbi.nlm.nih.gov/16862152/
https://pubmed.ncbi.nlm.nih.gov/16862152/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6404566/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6404566/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6404566/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6404566/


International Journal of Complementary and Internal Medicine Volume-6 Issue-3  

 

40. Hipp MS, Kasturi P, Hartl FU. The proteostasis network and its 
decline in ageing. Nat Rev Mol Cell Biol. 2019;20:421–435. 

41. Van Hunsel F, Van Gastel A, Neels H, et al. The influence of 

psychological stress on total serum protein and patterns obtained 
in serum protein electrophoresis. Psychol Med. 1998;28:301–309. 

42. Sotiropoulos I, Catania C, Pinto LG, et al. Stress Acts 

Cumulatively to Precipitate Alzheimer's Disease-Like Tau 
Pathology and Cognitive Deficits. J Neurosci. 2011;31 

(21):7840–7847. 

43. Sun N, Youle RJ, Finkel T. The Mitochondrial Basis of Aging. 
Mol Cell. 2016;61(5):654–666. 

44. Picard M, McEwen BS. Psychological Stress and Mitochondria: 
A Systematic Review. Psychosom Med. 2018,80(2),141–153. 

45. Oh J, Lee YD, Wagers AJ. Stem Cell Aging: Mechanisms, 

Regulators and Therapeutic Opportunities. Nat Med. 
2014;20(8):870–880.  

46. Singh S, Jakubison B, Keller JR. Protection of hematopoietic stem 

cells from stress-induced exhaustion and aging. Curr Opin 

Hematol. 2020;27:225–231. 

47. Heidt T, SagerHB, Courties G, et al. Chronic Variable Stress 

Activates Hematopoietic Stem Cells. Nat Med. 2014;20(7):754–
758. 

48. Lin J, Epel E. Stress and telomere shortening: Insights from 

cellular mechanisms. Ageing Res Rev. 2022;73:101507.  
49. Carroll JE, Esquivel S, Goldberg A, et al. Longitudinal Change in 

Telomere Length and the Chronic Stress Response: Associations 

with Negative Affect, Rumination, and Sleep Quality. 
Psychoneuroendocrinology. 2019;102:225–232. 

 

 

https://pubmed.ncbi.nlm.nih.gov/30733602/
https://pubmed.ncbi.nlm.nih.gov/30733602/
https://pubmed.ncbi.nlm.nih.gov/9572088/
https://pubmed.ncbi.nlm.nih.gov/9572088/
https://pubmed.ncbi.nlm.nih.gov/9572088/
https://pubmed.ncbi.nlm.nih.gov/21613497/
https://pubmed.ncbi.nlm.nih.gov/21613497/
https://pubmed.ncbi.nlm.nih.gov/21613497/
https://pubmed.ncbi.nlm.nih.gov/21613497/
https://pubmed.ncbi.nlm.nih.gov/26942670/
https://pubmed.ncbi.nlm.nih.gov/26942670/
https://pubmed.ncbi.nlm.nih.gov/29389736/
https://pubmed.ncbi.nlm.nih.gov/29389736/
https://pubmed.ncbi.nlm.nih.gov/25100532/
https://pubmed.ncbi.nlm.nih.gov/25100532/
https://pubmed.ncbi.nlm.nih.gov/25100532/
https://pubmed.ncbi.nlm.nih.gov/32398455/
https://pubmed.ncbi.nlm.nih.gov/32398455/
https://pubmed.ncbi.nlm.nih.gov/32398455/
https://pubmed.ncbi.nlm.nih.gov/24952646/
https://pubmed.ncbi.nlm.nih.gov/24952646/
https://pubmed.ncbi.nlm.nih.gov/24952646/
https://pubmed.ncbi.nlm.nih.gov/34736994/
https://pubmed.ncbi.nlm.nih.gov/34736994/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9860369/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9860369/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9860369/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9860369/



