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Abstract

The effects of stress on human immune system are complex: they are dynamic, and derive from neuroendocrine-immune
interactions. Activation of the HPA axis and the SNS leads to the production of cortisol and catecholamines which, in their own right,
have the ability to alter immune cell trafficking, cytokine release, and inflammatory signaling (Dhabhar, 2018; Slavich & Irwin, 2014).
Short-term stress can activate immune surveillance by mobilizing lymphocyte and natural killer cell activity, but long-term stress
results in a constant exposure to glucocorticoids, which dampens the adaptive immune response, upsets the balance of cytokines,
and maintains systemic inflammation (Cohen et al, 2022; Pedersen et al., 2021). This dysregulation impairs immunity to infections,
slows cut healing, impedes the effectiveness of vaccination, and worsens chronic diseases including autoimmune diseases,
cardiovascular diseases, and cancer (Segerstrom & Miller, 2004; Chida et al., 2008). Further, psychosocial and behavioral factors
interact in the way chronic stress impacts neuroimmune pathways which have an effect on the outcomes of mental health (Slavich &
Irwin, 2014). These findings suggest that integrative stress management approaches, such as cognitive-behavioral therapy,

mindfulness-based stress reduction, and lifestyle interventions, could promote immune resilience and health.
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INTRODUCTION

Interacts with the nervous system and endocrine
system through the psychoneuroimmune axis.
With these both extremities of existence, again,
the body can balance down its reactions to
different physical, psychical and intercorporal
stressors, and hold the homeostasis (Segerstrom
& Miller, 2004; Morey et al., 2015). Stress, defined
as any challenge to physiological and/or
psychological homeostasis has been established
for decades as a potent regulator of immune
function, affecting susceptibility to, and recovery
from, disease (Dhabhar, 2018; Cohen et al., 2022).

Not to mention that stress is not necessarily bad.
Brief stress (i.e., acute stress) may be adaptive;
immune surveillance is heightened and natural
killer cells and lymphocytes are mobilized in
preparation to protect the body from injury and
infection. This is proposed to represent a ‘fight-or-
flight’ boost of the immune response resulting in a
protective advantage of short duration (Dhabhar
& Malarkey, 2011; Himmerich et al.,, 2019). But
when stress is chronic that is, when it goes on for

weeks, months or years the fallout is altogether
different. Persistent activation of the HPA and
SAM system leads to chronic release of cortisol
and catecholamines, glucocorticoid receptor
resistance, and systemic inflammation at a low
level (Slavich, 2020; Pedersen et al., 2021; Russell
& Lightman, 2019). These modifications seriously
impair the adaptive immune system and promote
susceptibility to infective diseases, delayed wound
repair and autoimmune diseases.

The role of stress in immune responses is also very
personalized and depends on age, gender, genetic
background and life habits. For example, poor
(short) sleep, unhealthy eating, and sedentary
lifestyle exacerbate the effects of stress-related
immune suppression, while physical exercise,
nutrition, and rich social support can blunt its
effect (Slavich & Irwin, 2014; Furman et al.,, 2019;
Yang et al., 2022). Psychosocial factors like coping
and resilience also play a role in the modulation of
immune responses, explaining why stress-related
health outcomes are so highly variable across
individuals (Chiang et al., 2022).
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From a clinical perspective, a stress-dependent
immune dysregulation has been associated with a
variety of diseases. Globally, chronic stress is
correlated with diminished vaccination efficacy,
increased odds of developing a respiratory
infection, worsening of autoimmune diseases,
accelerated development of heart disease, and in
some cases greater incidence and mortality from
cancer (Cohen et al, 2022; Antoni & Dhabhar,
2019; Godbout & Glaser, 2006; Miller & Cole,
2020). Moreover, recent evidence emphasizes the
significance  of  chronic stress as a
neuroinflammatory and mental health
contributory factor (i.e., depression, anxiety) and
suggests that there is an intimate connection
between immune system function and
psychological well-being (Slavich, 2020; Miller et
al,, 2021).

In the context of increasing stress prevalence in
modern  societies -due to urbanization,
occupational pressure, social insecurity and
worldwide challenges, including the COVID-19
pandemic-, the knowledge of its immunological
impacts has emerged as a public health issue
(Peters et al, 2021; Wang et al, 2022).
Psychoneuroimmunology has advanced our
understanding of how the stress—-immune
interface operates at cell and molecular levels,
with cytokines, neuroendocrine mediators, and
epigenetic remodeling emerging as key players
(Dhabhar, 2018; Slavich, 2020; Chiang et al,
2022).

Thus, there is increasing attention to integrative
therapies that include behavioral, psychosocial,
and pharmacological modalities in the
management  of  stress-induced immune
dysregulation. There is evidence that efforts to
restore immune balance through mindfulness,
yoga, cognitive behavioral therapy, and lifestyle
changes such as better sleep and physical activity
may be helpful (Irwin & Opp, 2017; Creswell &
Lindsay, 2014; Black et al, 2021). Given the
further growth of research, personalized medicine
might aim to individualize stress management
strategies according to immune and genetic
profiles (Furman et al,, 2019; Yang et al.,, 2022).

Within this framework, the focus of the present
review is to present an overview of the current
literature on how stress influences the immune
system, with particular focus on the mechanisms
underlying stress- driven immune modulation, the
segregation of acute versus chronic effects of
stress on immunity, and the clinical implications of
stress related immune dysregulation. This article
by combining new knowledge with clinical
implications, emphasizes the need to consider
stress not simply a psychological phenomenon but
as a central mediator of human health and disease.

MECHANISMS OF STRESS-IMMUNE

INTERACTION

HPA axis and the sympathetic-adrenal-medullary
(SAM) system Stress activates the HPA axis and
SAM. Secretion is regulated by immune -cell
trafficking and balance of cytokines as well as by
cortisol (Cain & Cidlowski, 2017). Persistent
cortisol exposure may cause glucocorticoid
resistance, promoting chronic low-grade
inflammation (Miller et al., 2002). Catecholamines
released from the SAM system can influence both
innate and adaptive immunity, conversely,
cytokines such as IL-1f3 and TNF-« feedback to the
CNS, thus generating a bidirectional stress-
immune loop (Elenkov et al.,, 2000; Quan & Banks,
2007).

ACUTE VS CHRONIC STRESS EFFECTS

Acute Stress

During an acute stressor, immune surveillance
may be activated, with mobilisation of
lymphocytes and natural Kkiller cells and a
transient increase in cytokine activity (Dhabhar,
2018; Dhabhar & Malarkey, 2011).

Chronic Stress

Chronic stress downregulates lymphocyte
proliferation, antibody production, and vaccine
responses, along with upregulation of systemic
inflammation, which is associated with greater
risk for infections, autoimmune diseases, and
cancer (Glaser & Kiecolt-Glaser, 2005; Cohen et al,,
2022; Slavich & Irwin, 2014).

Clinical Implications
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Chronic stress impairs susceptibility to infection,
the wound healing process, and the development
of autoimmunity and certain cancers.
Immunological dysregulation resulting from
stress can compromise immune responses to
vaccines, tissue repair and worsen inflammatory
diseases (Pedersen et al,, 2021; Godbout & Glaser,
2006).

STRESS AND MENTAL HEALTH

Chronic stress-induced proinflammatory
cytokines impair neurocircuitry such as
neurotransmission and neuroplasticity, leading to
depression, anxiety, and cognitive impairment.
Furthermore, these immune changes are
heightened in the face of psychosocial stressors,
reinforcing the mind and body link (Slavich &
Irwin, 2014; Cole, 2014).

Interventions and Stress Management
Behavioral treatments including mindfulness,
yoga, and cognitive behavioral therapy decrease
cortisol and systemic inflammation. Lifestyle such
as sufficient sleep, good nutrition, and exercise
also improve immune resilience. Pharmacological
approaches (beta blockers) are being explored to
alleviate stress-related immune suppression
(Creswell & Lindsay, 2014, Irwin & Opp, 2017;
Hammerer et al, 2020).

LIMITATIONS AND FUTURE

DIRECTIONS

Limitations

e Inconsistent stress measurement across
studies.

e C(Causal inference can be affected by the
reliance on observational study designs.

e Specific genetic, lifestyle, and comorbid
confounders may confound results.

e Nearly all research is conducted in adults, and
data in children, adolescent, or elderly
populations are sparse.

Future Directions:

e Standardize measures of stress and immune
function.

e Longitudinal and interventional studies are
required to elucidate causal pathways.

e Study immune-profile and immune-genetic
based personalized interventions.

e Elucidate molecular pathways connecting
chronic stress to neuroinflammation,
autoimmunity, and disease progression.

e (Combine behavioral, psychosocial, and
pharmacological interventions to support the
maximum level of “immunologic resilience”.

CONCLUSION

Stress has the two ways effects on immunity.
Acute stress can improve defenses for short
periods, whereas chronic stress suppresses
adaptive immunity, contributes to inflammatory
modulation, and exacerbates health. Taken
together, integrative behavioural, lifestyle and
pharmacological interventions may offer feasible
approaches to help sustain immune integrity.
Continued research is necessary to develop
personalized and evidence-based strategies for
stress management.
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